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Abstract

Objective: To study transient risk factors for occupational eye injuries.

Methods: A case-crossover study was conducted among patients treated for occupational eye injuries in the emergency department at an eye hospital in Alabama. A questionnaire was administered to collect information regarding risk factors at the time of and prior to eye treatment. Incidence rate ratios were used to measure the relationship between each risk factor and injury occurrence.

Results: Protective eyewear reduced the risk of occupational eye injury, while increased risk was observed for the following: being distracted, use of tools, tool malfunction, performing an unfamiliar task, being rushed, working overtime, and feeling fatigued.

Conclusions: Although use of protective eyewear can significantly reduce the risk of an eye injury, other factors are important contributors. Identification of potentially modifiable transient risk factors can be used to prevent occupational eye injuries.

Eye injuries represent a leading cause of monocular blindness, and interventions to prevent them including the proper use of protective eyewear, have been underevaluated.1 The Occupational Safety and Health Act of 1970 created the Occupational Safety and Health Administration (OSHA) that sets the standards under which employers in the United States are required to provide personal protective equipment for employees (29 USC §655–657; 29 CFR §1910.133). Yet, an estimated 280,000 nonfatal work-related eye injuries were treated in emergency departments (EDs) nationwide in 1999.2 In 2008, the Bureau of Labor Statistics (BLS) estimated there were 27,450 work-related eye injuries requiring two or more days away from work at a rate of 2.9 injuries per 10,000 full-time workers.3 Most eye injuries are minor and do not result in missed work days; however, such injuries are painful and require medical intervention.

Epidemiologic research regarding the etiology of occupational eye injuries is limited. Young males experience the majority of work-related eye injuries.2,4,5 Metalworkers have the highest rate of missed work due to eye injury of any specific occupational group, getting injured at 16 times the national average rate.6 Other occupations within the agriculture, construction, and manufacturing fields have also been shown to have high rates of eye injuries.4,5 Specific risk factors of work-related eye injury have been identified as performing an unfamiliar task, operating faulty tools or equipment, and being distracted. Protective eyewear has been associated with a 60% reduced odds of injury among workers in Taiwan.7

To date, no study among US workers has examined transient risk factors for occupational eye injuries, including the role of protective eyewear. Thus, the current case-crossover study seeks to measure this relationship with incidence rate ratios (IRRs) as a measure of relative risk via the usual frequency approach,8 which has been demonstrated to be an efficient method of analyzing case-crossover data.9
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METHODS

The study protocol was approved by the Institutional Review Board at the University of Alabama at Birmingham.
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Study Design

The case-crossover design is similar to a matched case-control study, wherein an individual with the disease of interest (“case”) is matched with a person free of disease (“control”) based on a set of criteria that may be relevant to the exposure. However, in the case-crossover study, a single individual is self-matched at two defined points in time: the control period and the hazard period. Depending on the analysis, the case-crossover design can also resemble a retrospective cohort study with stratification on the individual and time-varying exposure. Akin to a washout period, the control period must be defined sufficiently prior to the outcome (ie, eye injury) to ensure exposures experienced during this time do not have a lingering effect that could specifically contribute to the injury. The hazard period is then defined with a close proximity to the injury, such that any exposures could alter the individual's risk. Case-crossover studies avoid between-subject confounding among fixed effects such as age, gender, experience, and training since exposure information is collected from the same individual.9 Only exposures that are intermittent, known as transient risk factors, and acute events can be evaluated using the case-crossover design.

Because many occupations feature routines that are relatively static from day to day, the case-crossover design is well suited to evaluate associations with occupational injuries, in which an injury represents a deviation from the norm. As such, case-crossover studies have been used to study several types of injuries among different occupations7,10–14 and the expanded use in occupational injury has been advocated.15
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Study Population

Patients 19 years of age and older seeking care at the Callahan Eye Foundation Hospital (CEFH) ED for eye injuries sustained during work-related activities from August 2008 through September 2010 were eligible for inclusion in the study. The CEFH serves patients primarily in Jefferson County, Alabama, but is also the only 24-hour eye ED in the state. The ED at the CEFH evaluates approximately 400 patients per month, of which approximately 36% are for injury.
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Data Collection

On a daily basis, medical records from the previous day were reviewed to identify injury-related ED visits. Eye injuries were broadly defined as any condition resulting from trauma to the eye or ocular adnexa. Identification of such injuries was determined in part through the interpretation of the treating ophthalmologist's notes as well as the billing diagnoses. This included International Classification of Diseases Ninth Revision, Clinical Modification codes 802.6 and 802.7 (orbital floor fractures); 870.0 to 870.9 (open wounds of the ocular adnexa); 871.0 to 871.9 (open wounds of the eyeball); 918.0 to 918.9 (superficial wound of the eye and adnexa); 921.0 to 921.9 (contusion of the eye and adnexa); 930.0 to 930.9 (foreign body on the external eye); 940.0 to 940.9 (burn confined to the eye and adnexa); 941.02 to 941.52 (burn involving the eye with other parts of the face, head, and neck); 950.0 to 950.9 (injury to the optic nerve and pathways); and 951.0, 951.1, and 951.3 (injury to the oculomotor, trochlear, and abducens nerves). In some situations, other diagnoses were included if other information from the ophthalmologist's notes indicated an injury was likely, such as keratitis (370), as well as other disorders of the eye (379), conjunctiva (372), or iris and ciliary body (364).

The determination of whether the injury potentially occurred in a work setting was made by reviewing the ophthalmologists' and nurses' notes and/or whether workman's compensation was filed. Questionnaires were mailed the next business day following patients' visit to the CEFH to all individuals meeting age requirements for which the injury was clearly work-related as well as to those for whom the injury occurred at work was unclear. It was made clear in the letter that participation should be limited to injuries sustained while working. The questionnaire was brief and took approximately 20 minutes to complete. Included with the questionnaire was a consent form that detailed the purpose of the study as well as risks and benefits of participating. Participants received a $20 gift card as compensation for their time. To maximize response rate, patients who did not return the questionnaire via the mail were called a maximum of 10 times, which served as a reminder to complete the questionnaire or to answer any questions regarding the questionnaire content. Individuals also had the opportunity to have the questionnaire administered over the phone at that time, or at a more convenient time. With the exception of injury diagnoses, all data presented were collected from the questionnaire. Occupations were classified on the basis of the BLS Occupational Classification System. Individuals with multiple injuries during the study period were eligible for participation for each injury, which was treated as distinct.
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Statistical Analysis

The statistical analysis followed standard methods for case-crossover studies including both the pair-matched interval and the usual frequency approaches.8,9 Data for the pair-matched analysis were derived from exposure information collected during the hazard period, defined as up to 10 minutes prior to the injury, and during the control period, defined as the 10-minute window at the same time of day as the injury but on the previous workday. Conditional logistic regression was used to estimate odds ratios (ORs) and 95% confidence intervals (95% CI).

The usual frequency approach follows the method for stratified analyses using the Mantel-Haenszel estimator for person-time data wherein the individual subjects are the stratifying variables.8 Although collected retrospectively, this approach is analytically similar to the analysis of data from cohort studies. Exposure information for analysis was identical for the hazard period, and the amount of person-time exposed and not exposed during the prior work month was estimated from the reported usual frequency of exposure. Incident rate ratios (IRRs) of the observed frequency of exposure during the hazard period were compared with the usual exposure frequency. In general, the usual frequency approach has been shown to have greater statistical efficiency in the analysis of case-crossover data when the effect of within-person confounding is negligible,9 which results in less variance.

Back to Top

RESULTS

During the study period, 3447 eye injuries were treated in the ED, of which 2723 (79%) were among patients younger than 19 years or were not work-related. Among the remaining 724 injuries potentially eligible for participation, 46 (6%) refused and 477 (66%) did not respond to either mail or phone calls, thus, their eligibility was unknown. A total of 201 eligible injuries (28%), among 198 patients, participated in the study. Assuming all 477 nonresponding injuries were eligible and simply refused to participate, comparisons yielded statistically significant differences between the sex and racial/ethnicity of respondents and nonrespondents. Respondents were more likely to be female (15.4% vs 9.8%, P = 0.02) than nonrespondents. The racial distribution was such that whites (79.1% vs 68.2%) were more likely to respond, while African Americans (16.9% vs 19.8%) and other racial groups (4.0% vs 12.0%) were less likely to respond (P = 0.003).

Demographic characteristics for the 201 responding occupational eye injuries are shown in Table 1. The majority of respondents were men (84.6%) and the mean age was 38.0 years. The most often observed major occupational group (BLS) was precision production, craft, and repair, representing 56.2% of all injuries. The largest number of participants worked in companies with 11 to 50 employees (34.3%) and the smallest number were self-employed (12.4%). Among respondents whose employer conducted safety meetings, the most common frequency was monthly (23.9%), although as similar proportion (22.9%) replied they never had safety meetings. Approximately, half of those injured had experienced a prior work-related injury (44.8%), 48.3% of whom had previously experienced an eye injury at work.

[image: Table 1]TABLE 1. Demographic Characteristics of 201 Respondents With Work-Related Eye Injuries



Figure 1 presents the frequency of the measured exposures during the hazard and control periods. It is important to note that due to the matched nature of the study design these frequencies do not represent measures of relative risk. Use of tools represented the most common exposure, both in the case and control periods with 80% of the study population using a tool in the case period and 65% during the control period.

[image: Figure 1]FIGURE 1. Exposure prevalence during the control and injury periods.



The diagnoses of respondents are shown in Table 2. Foreign body and superficial injuries (ie, corneal abrasions) were the most common among respondent diagnoses, accounting for a combined 53% of all injuries.

[image: Table 2]TABLE 2. All Primary and Secondary ICD-9-CM Diagnoses Among Respondents



Measures of association between transient risk factors and work-related eye injury are shown in Table 3. Protective eyewear was observed to have a protective IRR of 0.5 (95% CI 0.4–0.7). The largest effect was observed for being distracted, which was associated with more than 12-fold increase in the incidence rate of injury (95% CI 6.9–23.2). Use of tools, tool malfunction, being rushed, working overtime, and feeling fatigued were observed to have statistically significant IRRs of 2.6 or greater. Although lesser in magnitude than other observed risk factors, performing an unfamiliar task was associated with an 80% increased incidence rate of injury (95% CI 1.6–2.1). In all, the IRRs indicated statistically significant associations for all but one exposure tested, but significant ORs were observed only for the use of tools. No other exposures were significantly associated when evaluated using the pair-matched approach. Furthermore, distraction had an infinite OR as there were no control periods wherein workers reported being distracted.

[image: Table 3]TABLE 3. Associations of Transient Exposures to Work-Related Eye Injuries Using IRRs and ORs With 95% CIs Shown in Parentheses
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DISCUSSION

Although scientific literature offers scant evidence regarding modifiable risk factors of occupational eye injuries, they are generally assumed to be highly preventable. Surprisingly, it is largely unknown to what extent protective eyewear can reduce the rate of eye injuries among workers. Among workers with eye injuries, proper use of appropriate safety equipment is relatively infrequent, considering the Occupational Safety and Health Administration standards requiring use of eye protection.16,17 Still, the BLS estimates as many as 60% of workers with eye injuries in the United States fail to wear proper eye protection.18 The current study observed a reduction in the incidence rate of eye injury by 50% among workers wearing eye protection compared with those who do not. Although the corresponding unadjusted OR was not statistically significant, the magnitude was comparable. Both findings are consistent with the results from a Taiwanese study, which indicated a 60% reduced odds of eye injury associated with the use of eye protection devices.7

The use of tools was the most consistent exposure observed, with similar associations as measured both by the IRR and OR; both of which were statistically significant. Chen et al7 did not directly evaluate this exposure, but reported “unskilled” operation of tools or equipment as a risk factor with a 48-fold increase in the odds of injury. Similarly, performing an “unusual task,” which was defined as a task that was performed on less than 1 day per workweek, was also associated with increased risk of eye injury. McGwin et al19 have observed this association among general occupational injuries, and this association has been observed in studies of occupational hand injuries,10,13,20 as well as by Chen et al7 for occupational eye injuries. Working overtime also was observed to have a nearly three-fold increase in eye injury risk. Although it has not previously been evaluated with respect to eye injuries, shift length and hours worked per week have been implicated as risk factors in other types of occupational injuries, including those among health care workers11,21,22 and manufacturing occupations.14 Epidemiologic evidence continues to support the notion that extended working hours per week can increase injury among some occupations. In this study, in which respondents were primarily working in fields requiring a high degree of manual dexterity, it is unclear the specific mechanism by which overtime work increases injury risk. However, taken with the observed association of fatigue and eye injury, working overtime may be a marker of fatigue, which is the underlying risk factor.

Features of the work environment may not be the only risk factor of injury. Risk factors are related to the worker, such as being distracted, rushed, or fatigued, which have been shown as increasing the risk of occupational injuries,10,13,19 including eye injuries.7 Being distracted represented a strong risk factor in the current study, increasing the risk of injury 12-fold. Although fatigue was shown to affect injury risk, the associations with sleep duration were not statistically significant. Questions about sleep duration were intuitive, but required quantification of the number of hours of sleep the night prior to injury, whereas fatigue was a binary response. The question structure for sleep could be more vulnerable to recall bias such that remembering hours of sleep in the specified hazard period could be more difficult than the usual sleep, as the injury could be a marker to better remember sleep deficit. If respondents were unable to recall an actual sleep deficiency in the hazard period, they may self-impute their normal sleep time. Such a response would bias the association of sleep and injury toward the null. The effects of sleep duration increasing the risk of occupational injury are well documented.11,21–28 However, evaluating the role of sleepiness or sleep duration in observational studies, including the case-crossover design, have proven challenging.29,30 Self-reported sleep information has limitations, as subjects may overestimate their actual sleep duration.31 Thus, evidence would suggest an association between sleep duration and risk of eye injuries, but it is unclear if such a relationship exists and could not be measured by the current. Further studies could focus on sleep duration with more detailed methods to measure the exposure to better evaluate this association.

Two approaches to analyzing case-crossover data are presented in this study. The improved statistical efficiency of the usual frequency approach is evident as the matched-pair approach produced much wider CIs. This is consistent with other case-crossover studies.9,10,13 Thus, the usual frequency approach has been suggested as more appropriate in certain situations, including occupational studies.10 However, within-person confounding is impractical to assess when using the usual frequency approach because of the awkward line of questions that would be required (eg, “In the past month, how often did you wear eye protection while you were distracted at work?”).9 Although the pair-matched interval approach is more amenable to control for this type of information bias, the lack of sufficient sample size did not allow for it to be controlled for in this analysis.

The results of this study must be interpreted in light of some limitations. Case-crossover studies have the advantage of controlling for time-invariant confounding within subjects, such as age, sex, race, occupation, and socioeconomic status.9 Although respondents “self-selected” themselves for inclusion into the study (questionnaires were sent to patients with eye injuries that may not have been work-related), it is unlikely individuals would have completed the questionnaire for injuries not work-related because the questionnaire and accompanying letter stated the intentions of the study clearly. Despite offering modest incentives for participation, the response rate was relatively low. Bias could be introduced if patients' decisions to respond were not at random, but in fact dependent on factors such as demographic characteristics or injury severity. As previously described, males and minorities were underrepresented and thus could affect the generalizability. Since the questionnaire was only available in English, non–English-speaking workers may have been inadvertently excluded. It should be noted that in a few circumstances, phone interviews were completed through a proxy provided by the respondent (eg, child, spouse). All data were gathered from self-reported responses among patients of confirmed eye injuries, but the exposure information could not be validated; any means of doing so through contacting coworkers or employers would be unethical, as it could result in risks to the respondents' employment. In addition, while the questionnaires were designed similar to previously published case-crossover studies, which rely on intuitive lines of questioning, the instrument in this study was not validated.

Two types of misclassification bias have been identified as limitations of case-crossover studies. First, poor recollection as memory fades over time could result in misreporting of exposure information that might be differential between the control period and hazard period. As previously stated, the usual frequency approach would minimize this effect, by giving a larger control window, rather than a single point not tied to an event. If underreporting of exposure during the control period occurred because of recall, the results would be biased away from the null. Similarly, respondents may overreport exposures during the hazard period due to telescoping recall, in which the injury provides a marker by which to improve recall. This form of bias would also be away from the null. Steps to minimize recall bias included sending questionnaires the business day following the injury as well as providing open-ended response questions early in the questionnaire. Studies have been able to validate responses within 4 days of the event.13,32 Möller et al33 have also demonstrated recall bias was not a threat to validity in their case-crossover study of triggers of attacks of Ménière's disease, where individuals were aware of their disease and the potential risk factors for attack. If respondents reported exposures during the hazard period that were not directly involved in the injury, this could bias results away from the null. However, questions were structured so as the respondent was asked about exposures that were within a short period (not more than 10 minutes) surrounding their injury. Thus, by minimizing the length of the hazard periods, which were assumed to be relatively discrete points in time, this attempted to limit the influence of multiple exposures unrelated to the eye injury.

Back to Top

CONCLUSIONS

Prevention of occupational eye injuries should first be accomplished by improving the proper use of protective eyewear, which has been shown to reduce the risk of injury. Reasons for not wearing eye protection have been studied elsewhere34 and were beyond the scope of this study. Other prevention strategies should incorporate the risk factors identified herein, including better understanding their presence in the workplace. This study did not observe an association between occupational eye injuries and fatigue or sickness. Educating employers and employees about the risk factors as well as the consequences of eye injuries is also important.
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ICD-9-CM Code

Description

Frequency (%)

930
918

370
940

921
379
372
364

871
371

870
Other

Foreign body on external eye

Superficial injury of eye and
adnexa

Keratitis

Burn confined to eye and
adnexa

Contusion of eye and adnexa
Other disorders of eye
Disorders of conjunctiva

Disorders of iris and ciliary
body

Open wound of eyeball

Corneal opacity and other
disorders of cornea

Open wound of ocular adnexa
All other diagnoses codes

90 (33.3)
53 (19.6)

28 (10.4)
19 (7.0)

16 (5.9)
14(5.2)
9(3.3)
8(3.0)

8(3.0)
4(15)

3(1.1)
18 (6.7)

ICD-9-CM, International Classification of Diseases Ninth Revision, Clinical

Modification.
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IRR

OR

Use of protective
eyewear
(N =200)

Use of tools,
machines, other
work material
(N = 196)

Use of a
malfunctioning
tool (N = 192)

Performing an
unfamiliar task
(N = 196)*

Feeling distracted
(N=194)

Being rushed
(N=199)

Working overtime
(N=194)

Feeling sick
(N = 190)

Fatigue (N = 194)

Inadequate sleep
(<6 hr)
(N=174)*

Excessive sleep
(=8 hr)
(N=174)*

0.5 (0.4-0.7)

3.9(3.0-4.9)

2.6 (1.5-4.5)

1.8 (1.6-2.1)

12.7(6.9-23.2)
3.8(24-5.9)
2.9 (1.9-4.4)
1.6 (0.6-4.2)

3.1(1.8-5.4)

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

0.30

<0.001

0.6 (0.3-1.4)

3.0(1.7-5.4)

6.0 (0.7-49.8)

Inf.
2.8 (0.9-8.6)
3.0 (0.9-9.3)
1.5(0.3-9.0)
1.0 (0.3-3.5)

15(0.6-3.7)

13(0.3-4.7)

0.244

<0.001

0.10

0.002

0.08

0.06

0.66

1.00

0.28

0.74

CI, confidence interval; IRR, incidence rate ratio; OR, odds ratio.
*Exposure information did not permit calculation of unusual task ORs, or sleep

duration IRRs.
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Characteristics n (%)
Age (yrs)
<25 32(15.9)
25-45 117 (58.2)
46-65 49 (24.4)
>66 3(1.5)
Sex
Male 170 (84.6)
Female 31(15.4)
Race/ethnicity
White 159 (79.1)
African American 34(16.9)
Other 8 (4.0)
Number of jobs
Single job 184 (91.5)
Multiple 17 (8.5)
Major occupational group*
Precision production, craft, and repair 113 (56.2)
Machine operators, assemblers, and inspectors 33(16.4)
Service, except private household 17 (8.5)
Handlers, equipment cleaners, helpers, and laborers 15(7.5)
Professional, technical, and related 11(5.4)
Others 12 (6.0)
Job experience (yrs)
<1 33 (16.4)
1-5 97 (48.3)
>5 71(35.3)
Scale of employment
Self-employed 25(12.4)
2-10 workers 47 (23.4)
11-50 workers 69 (34.3)
>51 workers 57 (28.4)
Unknown 3(1.5)
Frequency of employer-conducted safety meetings
Never 46 (22.9)
Everyday 20 (9.9)
Weekly 39(19.4)
Monthly 48(23.9)
Yearly 31(15.4)
Other 5(2.5)
Do not know/refused to answer 12 (6.0)
Prior work-related injury
None 112 (55.7)
Any 89 (44.3)
Injury to the eye (among those injured) 43 (48.3)

*For those with multiple occupations, the job with the most hours

reported was used.
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