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Abstract

Purpose: To determine risk factors and clinical course of corneal ulcers in the setting of opioid
use.

Methods: A retrospective cohort study was performed of patients presenting with bacterial

or fungal Keratitis at a county hospital from 2010-2021. Subjects were separated into three
groups: opioid drug users (heroin, methadone, fentanyl), non-opioid drug users, and non-drug
users. 24 opioid users, 77 non-opioid drug users, and 38 non-drug users were included in the
study. Chi-square and t-tests were used to compare hospitalization for corneal ulcer treatment;
length of hospitalization; loss to follow-up; final best corrected visual acuity (BCVA); medication
noncompliance; time to ulcer resolution; and visual disability (defined either by the legal limit for
driving in California or the federal limit for blindness).

Results: Opioid users had higher rates of unemployment (p=0.002), homelessness (p=0.018),
and psychiatric conditions (p=0.024) compared with non-opioid and non-drug users. They had
more severe presentations, with worse initial BCVA of the affected eye (p=0.003), larger ulcer size
(p=0.023), and higher rates of individuals below the legal vision thresholds for driving (p=0.009)
and blindness (p=0.033) at initial presentation. Opioid use was associated with increased rate

of hospitalization (p<0.001), higher fortified antibiotic use (p=0.009), worse final BCVA of the
affected eye (p=0.020), and increased rates of BCVVA worse than the legal vision thresholds for
driving (p=0.043) and blindness (p<0.001) on final presentation.

Conclusions: Infectious keratitis associated with opioid use is associated with more severe
presentations and poorer outcomes, including higher rates of visual disability.
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Introduction

There is a growing epidemic of opioid use disorder (OUD) in the United States, with over
11 million active users per year.! Analysis of eye-related emergency department visits shows
that opioid users tend to have more severe ophthalmic diagnoses, such as orbital fractures,
globe injury, orbital cellulitis, and endophthalmitis, as well as a higher likelihood of being
admitted for ocular conditions.2

While corneal epithelial defects and infectious keratitis related to other substances of abuse,
such as crack cocaine and methamphetamines, have been previously described,3-5 evidence
of the impact of opioid use on the cornea is only just emerging. Endogenous opioid receptors
may act as negative growth factors and inhibit re-epithelialization of abraded human corneas
in vitro.” Meanwhile, naltrexone (an opioid antagonist) has been found to facilitate corneal
re-epithelialization in diabetic rat models.8-® However, there are currently no published
studies examining the association between opioid use and corneal ulcer presentations and
outcomes. This study aims to determine risk factors and clinical course of corneal ulcers in
the setting of opioid use at a public county hospital.

Materials and Methods

This retrospective cohort study included all patients who received a corneal culture for
suspected bacterial or fungal infectious keratitis between 2010 and 2021 at the Zuckerberg
San Francisco General Hospital and Trauma Center (ZSFGH), in both inpatient and
outpatient settings. Exclusion criteria were patients with non-infectious or viral keratitis
without suspected bacterial or fungal keratitis or absence of epithelial defect on initial
presentation. The study was approved by the Institutional Review Board of the University
of California, San Francisco (protocol number 19-28768) and conforms to the tenets of the
Declaration of Helsinki.

The patient cohort was divided into three categories: opioid users, non-opioid drug users,
and non-drug users. Opioid users included all patients with a history of opioid use, including
opiates, methadone, heroin, and fentanyl. Non-opioid drug users included any patient who
had a history of drug use, but no recorded history of opioid use. Other drugs that were

used by patients in both opioid users and non-opioid drug users included: amphetamines/
methamphetamines, tobacco, cocaine/crack cocaine, bath salts, benzodiazepines, marijuana,
alcohol abuse, unspecified intravenous drug use (IVDU), and unspecified inhalants. Patients
with unspecified IVDU or inhalant use were excluded from the analysis. Non-drug users
were all patients who had no recorded history of drug use. Patients labeled as only former
smokers were included in the non-drug users category. Drug use history was determined
through chart review of physician comments within notes and/or if drug use was described
in the patient’s social history within the medical chart. This information was patient report
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and not based on toxicology data. Due to the retrospective design of this study, the precise
timing of drug use in relation to corneal ulcer development could not be ascertained.

Patient demographics, clinical characteristics, and treatment data were compared between
these three groups. Demographic data included age, gender, race/ethnicity, preferred
language, employment status, and housing status. Age was determined at date of initial
presentation for corneal ulcer. Additional demographic data was determined using social
documentation and physician notes available at the time the chart was accessed for
review. Other factors included history of psychiatric conditions, contact lens use, and
human immunodeficiency virus (HIV) status. Clinical characteristics included initial best-
corrected visual acuity (BCVA), initial ulcer size, corneal ulcer location (central or
peripheral) and laterality (unilateral or bilateral), time of symptoms prior to presentation
at ZSFGH, and pathogenic organism (staphylococcal, pseudomonal, other bacterial,
fungal). BCVA was measured by Snellen chart, then converted to a logMAR estimate

Snellen denominator
Snellen numerator

of Snellen = logm( ) Treatment data included use of fortified antibiotics

(vancomycin and tobramycin), use of subconjunctival antibiotics, need for emergent
penetrating keratoplasty (PKP), and need for delayed PKP (meaning PKP for optical
purposes after ulcer was resolved).

The outcomes examined were: need for hospitalization for corneal ulcer treatment; length of
hospitalization; loss to follow-up, defined as being out of care for at least 1 month with an
active epithelial defect; final BCVA as measured on the visit that the epithelial defect was
first noted to be healed, or on the final visit if the patient was lost to follow-up before the
defect had healed; medication noncompliance during the timeframe an epithelial defect was
present; time to ulcer resolution, defined as days between initial presentation and closure of
the epithelial defect; and visual disability as defined either by the legal limit for driving in
California (20/40 in one eye and at least 20/70 in the other eye)10 or the federal limit for
blindness (20/200 or less in the better eye)!1.

Two-tailed t-tests were used to compare means for numerical variables (initial BCVA, final
BCVA, initial size, time of symptoms prior to presentation, time to ulcer resolution, and days
hospitalized). Chi-square analysis was used to compare categorical variables between the
three groups. A p-value of less than 0.05 was considered significant.

Demographics and Infectious Keratitis Risk Factors Based on Opioid Use Status

A total of 174 patients with infectious keratitis were initially included in this study. Of
these, 24 (13.79%) were confirmed opioid users, 74 (42.53%) non-opioid drug users, and
50 (28.74%) non-drug users (Table 1). There were also 21 (12.07%) patients with unknown
drug use status and 5 (2.87%) patients with unspecified VDU or inhalant use that were

not included in this analysis. Opioid users had a mean age of 48.17 years, non-opioid drug
users had a mean age of 44.77 years, and non-drug users had a mean age of 48.46 years. All
groups demonstrated a male preponderance.
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Of the 24 opioid users, 17 used heroin, 11 used methadone, 4 used fentanyl, and 6 used
unspecified opioids (Table 2). The forms of opioid use included: 12 intravenous, 11 oral,
and 3 smoked/inhaled. Five patients had non-specified methods of use. All opioid patients
reported abuse of other substances, which included various combinations of tobacco,
methamphetamines/amphetamines, benzodiazepines, cocaine/crack cocaine, marijuana, and
alcohol.

On Chi-square analysis, opioid use positively correlated with homelessness (p = 0.018),
unemployed/disabled status (o= 0.002), and the presence of a psychiatric history (p=
0.024); and was negatively correlated with Asian and Hispanic/Latino(a) race/ethnicity
(Table 1). Non-drug users were more likely to demonstrate Hispanic/Latino(a) race/ethnicity
(p<0.001), housed status (p= 0.021), and non-English speaking preference (p = 0.006),
and less likely to a psychiatric history (o= 0.017). There were no significant associations
between drug use and contact lens use or HIV status.

Impact of Opioid Use on Clinical Characteristics of Infectious Keratitis

Results of Chi-square analysis for the clinical characteristics and treatment course for
infectious Kkeratitis are summarized in Table 3. There was a trend toward an association
between opioid use and polymicrobial infections (o = 0.058) and bilateral ulcers (p = 0.073).
There were no differences in the rates of initial ulcer location (central vs. peripheral) or
positive culture growth between the three groups.

Opioid users presented with significantly worse visual acuity in the affected eye, with an
average logMAR initial BCVA of 1.84 compared to 1.22 for non-opioid drug users (p =
0.013) and 1.04 for non-drug users (p = 0.003) (Figure 1). Additionally, opioid users trended
toward worse initial visual acuity in the better eye (meaning the eye with better visual acuity,
regardless of infection status), with an average logMAR BCVA of 0.55 compared to 0.23 in
non-opioid drug users (o = 0.139). There was no significant difference between non-opioid
drug users and non-drug users in initial visual acuity of the affected eye or better eye. Opioid
users had higher proportions of visual disability at initial presentation, with 79.17% below
the California visual limit for driving (0 =0.009) and 16.67% below the federal limit for
legal blindness (o= 0.033) (Figure 2). In comparison, 62.16% of non-opioid drug users (p =
0.694) and 52.00% of non-drug users (p = 0.210) had initial visual acuities worse than the
driving limit, and 5.41% of non-opioid drug users (p= 0.578) and 4.00% of non-drug users
(0= 10.462) were legally blind on initial presentation.

Non-drug users had smaller initial epithelial defects, averaging 2.39 mm?2, compared to
11.23 mm? for opioid users (p = 0.023) and 6.92 mm? for non-opioid drug users (o< 0.001),
with no significant difference between opioid users and non-opioid drug users (o = 0.235).
Symptom days prior to presentation did not show significant variation between opioid users
and non-opioid drug users (p = 0.828) or non-drug users (p = 0.764), with an average of 8.36
days for opioid users, 7.60 days for non-opioid drug users, and 7.39 days for non-drug users.

Impact of Opioid Use Status on Treatment and Outcomes for Infectious Keratitis

Opioid users had a higher rate of hospitalization (62.50%) for infectious keratitis (o <
0.001), while non-drug users had a lower rate of hospitalization (12.00%) (p = 0.003). Of the
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patients that were hospitalized, there were no significant differences between opioid users,
average 14.20 days, compared to non-opioid drug users, average 19.86 days (p = 0.245), and
non-drug users, average 10.8 days (p = 0.495) (Figure 3).

Opioid users had increased rates of fortified antibiotic use (p = 0.009), while non-drug users
had decreased rates (p= 0.015). There were similar rates of subconjunctival antibiotic use,
emergent PKP, and gluing among the three groups. Non-drug users were less likely to be
lost to follow-up (p=0.011) and there was a trend toward an association between opioid
users and loss to follow-up (p=0.082). There were no significant differences in medication
compliance rates between the three groups. There were no significant differences in the
average ulcer resolution time between opioid users and non-opioid drug users (o = 0.635) or
non-drug users (p = 0.805), with an average of 20.91 days for opioid users, 25.18 days for
non-opioid drug users, and 23.09 days for non-drug users.

Opioid users had a worse final visual acuity of the affected eye compared to non-drug

users (p=0.028), and no significant difference compared to non-opioid drug users (p =
0.230), with an average final logMAR BCVA of 1.35 in opioids users, 1.08 in non-opioid
drug users, and 0.81 in non-drug users. Similarly, when comparing the cohorts excluding

all lost to follow-up patients, both opioid users and non-opioid drug users demonstrated
worse final BCVA in the affected eye compared to non-drug users (o= 0.012 and p = 0.046,
respectively.) Opioid users also had higher rates of visual disability at final presentation;
70.83% of patients had worse acuity than the legal limit for driving in California (o = 0.043)
and 29.17% of patients met criteria for legal blindness (p < 0.001) (Figure 2). In comparison,
54.05% of non-opioid drug users (p = 0.832) and 38.00% of non-drug users (p = 0.090) had
final visual acuities worse than the driving limit, and only 4.05% of non-opioid drug users (p
= 0.181) and 4.00% of non-drug users (p = 0.317) were legally blind on final presentation.

Discussion

In this retrospective cohort study of patients presenting with infectious keratitis to a public
county hospital, opioid use was found to correlate with a unique pattern of demographic
risk factors, clinical characteristics, and treatment profiles. Significant associations were
seen between opioid use and unemployment, homelessness, and psychiatric history, Several
of these patterns have been observed in other studies. Unemployment is known to

increase the risk for OUDs,12 and cross-sectional analysis of state-level data on OUD
prevalence found that unemployment was significantly associated with increased opioid
dependence.12 Patients who are homeless are more likely to experience substance use
disorders, including opioid and heroin use.1* OUD has been associated with a variety of
psychiatric conditions, including posttraumatic stress disorder, depressive disorders, bipolar
disorder, and personality disorders;12:15 this spectrum of conditions is reflected in this
study’s patient cohort.

The initial presentations for infectious Kkeratitis in opioid users were more severe than in
non-opioid drug users and non-drug users. Opioid users were found to have a higher number
of bilateral ulcers, worse initial visual acuity in the affected eye than all non-opioid users,
and larger initial epithelial defect sizes than non-drug users. Opioid users also showed worse
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visual disability at initial presentation, with a higher proportion of patients below the legal
driving and legal blindness visual acuity thresholds. This parallels analyses of case reports
of infectious keratitis associated with other drugs. In one systematic review of case reports
for “crack eye,” a syndrome of corneal disease associated with crack cocaine smoking

that includes microbial keratitis and corneal epithelial defects, a majority of cases had
bilateral involvement.1” The cases of “crack eye” all showed markedly diminished visual
acuity in the affected eye(s) at initial presentation.1” There are also multiple case reports of
methamphetamine-induced corneal ulcers that similarly show reduced initial visual acuity at
presentation, with one case of bilateral involvement.*

Opioid users also required increased rates of fortified antibiotic use and hospitalization.
Hospitalizations are more likely in patients who present with larger ulcers and worse initial
visual acuity,18 which may explain the higher hospitalization rates seen with opioid users
in this analysis. Additionally, Usmani et al. found that patients with an OUD had a higher
hospitalization rate when presenting with a primary ophthalmic diagnosis to emergency
departments compared to those without opioid abuse,? suggesting that opioid use in itself
is an independent risk factor for admission. Of note, the opioid user group had higher

rates of homelessness, and being unhoused has been found to be a significant risk factor

of hospitalization due to infectious keratitis in the county hospital population (unpublished
data). Previous studies have shown that fortified antibiotics are generally indicated in more
severe presentations of infectious keratitis'920 and that fortified antibiotic use increases with
inpatient treatment.21 Our findings concur with those of previous students that opioid use

is associated with increased severity of infectious keratitis, hospital admission, and fortified
antibiotic use.

Opioid use strongly correlated with worse outcomes in infectious keratitis. Though there
was no significant difference in the final visual acuity of affected eyes, opioid users suffered
higher visual disability and worse vision in the better eye compared to non-opioid users.
This increased visual disability among opioid users parallels results from Han et al. that
demonstrated a higher prevalence of substance use disorders, including opioid misuse,
among adults with visual impairment compared to non-visually impaired individuals in the
United States.22 Though not analyzed in this study, the high propensity for visual disability
in opioid users likely translates to significant socioeconomic costs. Rein et al. estimated the
annual economic burden of vision loss (blindness or difficulty seeing even with glasses) in
the United States as $134.2 billion, with $98.7 billion in direct costs (medical, nursing home,
and supportive services) and $35.5 billion in indirect costs (absenteeism, lost household
production, reduced labor force participation, and informal care).23

Given the worse outcomes seen in this study of opioid users with infectious keratitis, there
are possible mechanisms that could explain the negative effects of opioid exposure on
corneal wound healing. The opioid growth factor receptor (OGFr) is a non-classical opioid
receptor found on the corneal epithelium and corneal terminal nerves that plays a role

in corneal homeostasis.2* Multiple studies have examined the effects of this receptor and
opioid exposure on corneal wound healing. Zagon et al. (2006) used plasmid amplification
to overexpress OGFr in rat eyes, causing larger corneal defects than control eyes; conversely,
DNA synthesis was increased in eyes that had decreased expression of OGFr.2> Another

Cornea Open. Author manuscript; available in PMC 2024 March 23.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Lopez etal.

Page 7

study found that transgenic mice with overexpression of OGFr had decreased DNA synthesis
in the corneal epithelium, an effect that was amplified with addition of exogenous and
reversed by naloxone. These mice also had a 75% slower healing rate time of full thickness
corneal wounds compared to wild-type mice.2% Wenk et al. (2003) used a rat cornea model
of acute chemical injury to examine the effects of morphine sulfate eye drops, showing that
there were significant decrease and delay in immune cell infiltration into the corneal stroma
after chemical injury in eyes exposed to exogeneous morphine sulfate.2”

In addition to delays in corneal wound healing, decreased tear production related to

opioid exposure may also be a factor. Topical naltrexone application has been shown

to restore corneal sensation and improve tear function in rats with induced diabetes
mellitus.2® Additionally, topical opioids have been shown to decrease tear production in
rats.29 However, in rabbits and dogs, topical morphine was not shown to delay corneal
epithelial wound healing.30:31 Areas for further study include the effect of opioids on corneal
sensation, tear production, and wound healing in humans.

One important limitation to this study is the unreliability of patient reporting regarding their
true drug use status, especially since data collection relied on patient report data and not on
toxicology reports. It is possible patients with opioid abuse did not report this information
in the medical record and were incorrectly placed in the non-opioid drug use or non-drug
use category. The retrospective nature of this study limited further collection of information
regarding drug use status. Additionally, we were unable to clarify temporal associations
between the timing of opioid use and the development of infectious keratitis.

In summary, opioid use is associated with social risk factors, increased clinical severity, and
worse visual outcomes, including visual disability. Opioid use as a causative factor for worse
presentation and outcomes cannot be inferred from this study. However, at the very least,
opioid use indicates a suboptimal social and physiologic environment for recovery from
infectious keratitis. Physicians should assess patients for opioid abuse during the evaluation
of infectious keratitis, especially in severe, bilateral cases. There should be a low threshold
for diagnosis and treatment of infectious Kkeratitis in opioid users, and a multi-disciplinary
approach, including concurrent substance abuse management, should be considered for these
patients. Opioid-associated infectious keratitis is an emerging clinical entity that is gaining
importance in the context of the rising opioid epidemic, and further study is required to
elucidate the optimal treatment approach for this especially vulnerable patient population.
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Figure 1:
Initial clinical presentation of infectious Kkeratitis stratified by drug use status. Box and

whisker plots of initial best corrected visual acuity (BCVA) in affected eye (A) and better
eye (B), initial epithelial defect size (C), and days prior to presentation (D), showing
median value line and upper and lower quartiles, with errors bars as minimum and
maximum values and x as mean marker. BCVA was measured in logMAR estimate of

Snellen = logm(w), with higher logMAR indicating worse BCVA. *t-Test p-

Snellen numerator

value < 0.05. **t-Test p-value < 0.01.
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Figure 2.

Page 11

Incidence of visual disability stratified by drug use status. California driving limit (A,C) was
defined as 20/40 in one eye and at least 20/70 in the other eye. Federal legal blindness (B,D)
was defined as 20/200 or less in the better eye. *Chi-square p-value < 0.05, **Chi-square

p-value < 0.01, ***Chi-square p-value < 0.001.
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Treatment outcomes for infectious keratitis stratified by drug use status. Box and whisker
plots of final best corrected visual acuity (BCVA) in affected eye (A) and better eye (B),
hospitalization length (C), and ulcer resolution time (D), showing median value line and
upper and lower quartiles, with errors bars as minimum and maximum values and x as mean

marker. BCVA was measured in logMAR estimate of Snellen = loglo(

Snellen denommator), with
Snellen numerator

higher logMAR indicating worse BCVA. *t-Test p-value < 0.05.
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Comparison of Demographics and Risk Factors Based on Drug Use Status

Table 1.

Opioid Users (n = 24)

Non-Opioid Drug Users (n = 79)

Non-Drug Users (n = 38)

Age (years)
Mean + SD
Median (min-max)
Gender
Man
Woman
Race/Ethnicity
Native American
Asian / Pacific Islander
Black / African American
Hispanic / Latino(a)
White
Other

Housing Status

Housed
Homeless

Unknown
Employment Status

Employed / Retired
Unemployed / Disabled

Unknown

482494
51.5 (32.0-63.0)

14 (58.3%)
10 (41.7%)

0 (0.0%)
0(0.0%) ™
7 (29.2%)
1(4.1%)~
9 (37.5%)
7 (29.2%)

9 (37.5%) ™
14 (58.3%)
1 (4.2%)

1 (4.2%) ™"
ok

17 (70.8%)
6 (25.0%)

Non-English Preferred Language 0 (0%)

Psychiatric History
HIV+ Status
Contact Lens Use
Yes
No

Unknown

10 (41.7%)
2 (8.3%)

4 (16.7%)
14 (58.3%)
6 (25.0%)

448124
445 (16.0-77.0)

48 (64.9%)
26 (35.1%)

0 (0.0%)
13 (17.5%)
11 (14.9%)
9 (12.2%)
25 (33.8%)
16 (21.6%)

47 (63.5%)
23 (31.1%)

4 (5.4%)

34 (46.0%)
24 (32.4%)

16 (21.6%)
8 (10.8%)

19 (25.7%)

10 (13.5%)

30 (40.6%)
32 (43.2%)
12 (16.2%)

485+17.2
49.0 (14.0-83.0)

31 (62.0%)
19 (38.0%)

0 (0.0%)
8 (16.0%)
5 (10.0%)

20 (40.0%) "
9 (18.0%)
8 (16.0%)

45 (90.0%) *
3(6.0%)”
2 (4.0%)

27 (54.0%)
13 (26.0%)
10 (20.0%)
20 (40.0%)
4(8.0%)"

4 (8.0%)

13 (26.0%)
20 (40.0%)
17 (34.0%)

*
Chi-square p-value < 0.05

*:

ok
Chi-square p-value < 0.01

Aok

Chi-square p-value < 0.001
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Table 3.

Clinical Course of Infectious Keratitis Stratified by Drug Use Status

Opioid Users(n=24) Non-Opioid Drug Users(n=74) Non-Drug Users (n = 50)

Initial Ulcer Location

Central 9 (37.5%) 28 (37.8%) 16 (32.0%)

Peripheral 7 (29.2%) 22 (29.7%) 14 (28.0%)

Unknown 8 (33.3%) 24 (32.4%) 20 (40.0%)
Hospitalized

Yes 15 (62.5%) 24 (32.4%) 6 (12.0%) ™"

No 7(29.2%) 40 (54.1%) 39 (78.0%)

Unknown 2 (8.3%) 10 (13.5%) 5 (10.0%)
Lost to Follow-Up

Yes 15 (62.5%) 37 (50.0%) 12 (24.0%)*

No 7 (29.2%) 28 (37.8%) 30 (60.0%) *

Unknown 2 (8.3%) 9 (12.2%) 8 (16.0%)
Compliant with Medications

Yes 9 (37.5%) 36 (48.6%) 24 (48.0%)

No 9 (37.5%) 18 (24.3%) 15 (30.0%)

Unknown 6 (25.0%) 20 (27.0%) 11 (22.0%)
Bilateral Ulcers 3 (12.5%) 3 (4.1%) 1(2.0%)
Positive Culture Growth 17 (70.8%) 51 (68.9%) 26 (52.0%)
Polymicrobial Infection 11 (45.8%) 22 (29.7%) 14 (28.0%)
Subconjunctival Antibiotics Used 3(12.5%) 10 (13.5%) 6 (12.0%)
Fortified Topical Antibiotics Used 19 (79.2%) 44 (59.5%) 19 (8.0%)
Emergent Penetrating Keratoplasty or Glue 2 (8.3%) 6 (8.1%) 2 (4.0%)

*
Chi-square p-value < 0.05

*:

*
Chi-square p-value < 0.01

Aok

Chi-square p-value < 0.001
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