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Background Employer administrative files are an underutilized source of data in
epidemiologic studies of occupational injuries.
Methods Personnel files, occupational health surveillance data, industrial hygiene data,
and a real-time incident and injury management system from a large multi-site aluminum
manufacturer were linked deterministically. An ecological-level measure of physical
job demand was also linked. This method successfully created a database containing over
100 variables for 9,101 hourly employees from eight geographically dispersedU.S. plants.
Results Between 2002 and 2004, there were 3,563 traumatic injuries to 2,495 employees.
The most common injuries were sprain/strains (32%), contusions (24%), and lacerations
(14%). A multivariable logistic regression model revealed that physical job demand was
the strongest predictor of injury risk, in a dose dependent fashion. Other strong predictors
of injury included female gender, young age, short company tenure and short time on
current job.
Conclusions Employer administrative files are a useful source of data, as they permit
the exploration of risk factors and potential confounders that are not included in
many population-based surveys. The ability to link employer administrative files with
injury surveillance data is a valuable analysis strategy for comprehensively studying
workplace injuries, identifying salient risk factors, and targeting workforce populations
disproportionately affected. Am. J. Ind. Med. 50:676–686, 2007. � 2007 Wiley-Liss, Inc.
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INTRODUCTION

Studies of occupational injuries rely on data sources to

identify injury trends, modifiable risk factors, and to inform

the development of injury prevention interventions and

policies. Population-based surveys, such as those initiated

by the Bureau of Labor Statistics, emergency department

surveillance systems, and state worker compensation claims
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are frequently the main sources of information for nonfatal

occupational injury research [Layne and Pollack, 2004;

Friedman and Forst, 2007; McCall and Horwitz, 2006;

Mujuru et al., 2006; Wigglesworth, 2006]. While these

databases are valuable sources of data, many of them lack

information on key potential confounders. It is also rare that

any one survey will contain all of the variables found in a

comprehensive conceptual model of workplace injury risk.

As a result, to obtain these desired measures, researchers

must use multiple data sources which may lead to challenges

for data linkage.

Company administrative files are another potential

source of data. Generally speaking, administrative databases

are an untapped resource for occupational epidemiology

research [Johantgen et al., 2004; Cullen et al., 2006]. Linking

administrative files, which contain worker and workplace

information collected for non-research purposes, with injury

records might provide a more complete study of workplace

injury risk factors [Burdorf and Sorock, 1997; Burdof et al.,

1997; Forst et al., 1999; Mueller, 2001; Cullen et al., 2006].

Their use may also minimize challenges faced during data

linkage procedures, because theoretically, each database

contains the same unique identifier given to the employee

at the time of hire. Currently, only a few examples of

occupational injury studies using employer administrative

files exist in the published literature, with most occurring

in the automotive industry [Sorock et al., 1997; Warner

et al., 1998; Wong et al., 1998; Collins et al., 1999a,b]. While

these studies used injury event records and some employer

administrative files, there was substantial variability in the

types of files utilized, included variables, and data linkage

strategy. Moreover, these studies did not include injuries

that resulted in first aid attention, which although

relatively minor, are also extremely prevalent.

In this study, we linked a real-time injury surveillance

system with occupational and environmental health surveil-

lance and administrative databases to explore the distri-

bution and determinants of workplace traumatic injuries.

Our purpose was to show the benefits of linking injury

surveillance data with employer administrative files to

produce a more complete assessment of the overall work-

place injury experience, and identify salient injury risk

factors for subsequent study.

MATERIALS AND METHODS

Data Sources

Through a partnership that began in 1997, a university-

based research group assumed responsibility for the develop-

ment and implementation of corporate policies in work-

place safety and occupational health at a large multi-site

aluminum manufacturer. As a result of this unique academic-

industry partnership, all existing company databases became

available, new information was collected to expand work-

place surveillance, and studies related to employee health

and occupational injuries were initiated. These databases are

briefly described below.

Human resources

This database contains personnel records for all

employees, regardless of present work status. Employee

files are initiated once employment begins. Each file contains

complete information on job history, including job change or

changes in level within that job. Other fields included in

this database are job category (hourly or salary), job title,

department, plant, employment status (active or retired), date

of entry or leave, and disability leave and date of re-entry.

Real-time incident management
system (IMS)

This database, established in 1989 and modified

over time, contains information on work-related injuries

and illnesses for all employees and directly supervised

contractors. All environmental health and safety incidents

are recorded. The IMS system is considered real-time since

incidents are recorded soon after an incident occurs,

depending on the level of severity. The initial point for

entering the surveillance system is the plant safety manager

or the onsite health clinic. Besides the injury case

classification, other recorded variables include job position,

activity and circumstances of the injury, whether a tool was

being used, nature of injury, body part injured, and where

applicable, the date lost- or restricted-work time began. A

narrative field that describes the injury event and a category to

record near-misses is also present; however these are not

systematically recorded. To minimize inter-plant variability

in recording IMS events, training is provided for clinic staff

and safety managers, and guidelines are available on the

company intranet, which explicitly state the procedures for

determining the classification and coding of work-related

injuries and illnesses.

Occupational health screening

This database provides information on all employees

who participated in various fitness-for-work evaluations and

medical surveillance programs. All of the employees in

this study participated in at least one medical screening

program, including pulmonary function testing, chest radio-

graph, and audiometry testing. The type of screenings that

an employee receives is based on his or her job. Also included

in this database are health-related variables collected during

medical record abstraction that began in 2002. During

this time, a number of measures, including smoking status,
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height, weight, cholesterol, and blood pressure were

collected.

Industrial hygiene

This database, first developed in the mid-1970s, contains

industrial hygiene exposure measurements, such as ambient

air sampling, by job and department that were collected

through routine surveillance. Job classification has been

standardized across the various plants through a multi-

pronged approach. In 2000, the company senior Industrial

Hygiene Manager, with over 25 years of work experience,

aggregated and standardized the job titles based on the

various databases. Researchers matched the standardized

occupations, devised by the company industrial hygienist,

with those listed in the human resources database. Although

there are potential limitations to the development of a

uniform job dictionary, re-occurring evaluation and obser-

vational methods have been conducted to validate job coding.

The result of this extensive effort was the creation of

standardized job titles for hourly employees across all plants.

Job physical demand

This new database was first established by the investi-

gators in 2001. It contains information on physical demands

of occupations held by hourly employees. The demand

score for each job was determined by a single expert rater at

each plant who rated the demand of each job, by department.

The raters were safety and health mangers who prior to

the data collection received training on the criteria to rate

each job. The physical demand question is a previously

validated measure that was developed by the Department of

Labor [United States Department of Labor Employment

and Training Administration, 1986]. It rates the degree of

physical activity required for job. Irrespective of gender, the

physical demand required for each job is classified as

sedentary, light, medium, heavy, or very heavy.

Data Linkage

The data linkage strategy for this study was deter-

ministic, which meant that a single identifier was used to link

across databases [Mueller, 2001]. An encrypted uniform

unique identifier was created for each employee to ensure

human subject privacy. After data cleaning, human resources

files, industrial hygiene data, occupational health screening

data, and IMS system were linked by employee ID number. A

separate procedure was used to link the physical demand

data. As previously mentioned, the demand of the job was

rated by plant and department, so groups of employees in the

same job and department, by plant, received the same rating.

An employee’s occupation was obtained from the human

resources file and classified at baseline. This job was linked

by plant and department to the job demand survey. The initial

linkage of the physical demand ratings successfully matched

for 70% of the sample. At the next iteration, each individual

job that was not matched to the physical demand survey was

identified and all cases were corrected for data entry errors

and were re-matched. This iteration of processes occurred for

each plant individually.

Study Sample

Although this data collection effort began with 13 U.S.

plants, data from eight plants were used for the present study;

five plants were excluded because of curtailed production

or plant closures during the study period. All full time

hourly employees between 18 and 65 years of age, on

the payroll during 2002 were eligible for study inclusion.

Of the eligible employees, files were not linkable for

329 employees; thus, the final study sample consisted of

9,101 hourly employees. There were no significant differ-

ences for demographic, workplace, and injury-related

variables between the employees who could not be linked

and the final sample.

Variables

This cross-sectional analysis used all traumatic injury

events from the IMS system that occurred between January 1,

2002, and December 31, 2004. Nonfatal injuries included

those that warranted first aid attention along with those

required for the Occupational Safety and Health Administra-

tion (OSHA recordable). OSHA recordable injuries are

injury events that result in medical treatment, lost work time,

restricted work time, loss of consciousness or death.

Events from the IMS system related to cumulative

trauma, hearing loss, any illness, for example, poisoning,

nausea, skin conditions, respiratory conditions, or pain, were

excluded since they did not result from a sudden exchange of

mechanical energy as with traumatic injuries. All injuries

classified as an abrasion, amputation, bite/sting, blisters,

burn, contusion, dislocation, electric shock, eye injuries

(irritations from contusions), foreign body, fracture, lacera-

tion, musculoskeletal disorders instantaneous-sprain or

strain (sprains or strains), and puncture were analyzed.

Traumatic injuries were evaluated separately as first aid or

OSHA recordable and together as any traumatic injury.

Information on the primary body part injured in each event

was also obtained from the IMS system.

Demographic variables included sex, race, education,

and age. Race was classified as Black, White, Hispanic, and

Asian Americans and Native Americans were combined

as ‘‘Other.’’ Education was dichotomized and all those

with no more than a high school diploma were grouped and

compared with employees with at least some college.

Smoking was classified as current smoker, former smoker,
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or never smoked. Tenure was examined with two variables

from the human resources database. Time since hire in years

and time in current job in months were both calculated from

January 1, 2002. Time since hire in years was categorized as:

<1, 1�X< 2, 2�X< 3, 3�X< 5, and�5. Current job (as

of January 1, 2002) was identified and the total time

in months was calculated and classified as: <3, 3�X< 6,

6�X< 12, and�12. Indicator variables were created for the

plant location and type of plant processes to account for the

inter-plant differences.

Since there were nearly 200 jobs present, the physical

demand scores were utilized as a single standard metric of

physicality for this analysis rather than job title. The inter-

rater reliability was evaluated using the Kappa statistic to

determine the proportion of agreement for physical demand

scores between the eight raters (one per plant) from the plants

included in this study. Ten jobs were selected (five from

primary manufacturing plants and five from secondary

manufacturing plants) and Kappa scores ranged from

0.43 to 0.65 for all pairwise combinations. Scores were then

tested against the hypothesis that the agreement is only

predicted by chance. In all cases, the Kappa statistic was

found to have significant agreement above chance.

Statistical Analysis

Descriptive statistics were conducted using frequencies

and percentages for each demographic variable. Since

women represented approximately 9% of the sample, sample

demographics are presented for all workers and by sex.

Injuries during the study period are reported as the number of

injured persons (all employees) and the number of injury

events. Unless noted, injury estimates include both OSHA

recordable and first aid injuries. Cross tabulations were

created for nature of injury by body part injured and for injury

type (first aid, medical treatment, lost work time, or restricted

work time) by nature of injury.

Single and multivariable logistic regression models were

used to measure the association between the covariates and

the odds of having a traumatic injury during the study period.

We also repeated the multivariable logistic regression

model to measure the odds of having only an OSHA

recordable injury. The variables included in both regression

analyses were age, sex, race, education, smoking, time

employed with the company and time in the current job,

physical demand of job, and plant. Smoking was not

significantly associated with traumatic injury and was thus

excluded from the regression analysis. During exploratory

data analysis, the risk of injury was found to be similar for

all months in one’s current job up to 1 year. Thus, for the

logistic regression model, the time in current job was

dichotomized as employed in current job for less than 1 year

or greater than 1 year. Odds ratios from the logistic regression

are presented along with corresponding 95% confidence

intervals. All analyses were conducted using SAS version

9.1 (SAS Institute, Cary, NC).

The entire study was approved by the Institutional

Review Boards at both Yale University School of Medicine

and the Johns Hopkins Bloomberg School of Public Health.

RESULTS

Sample

There were 9,101 employees in this study. Females

comprised 9.6% of all hourly employees (Table I). By race,

most of the employees were classified as White, although a

larger percentage of females were Black than of the males.

Based on the available education data, roughly 20% of male

and female employees had attended at least some college.

The percentage of current smokers was similar between

males and females, 25%, but there was a lower percentage of

females categorized as never smoked and ever smoked

than males. Female employees had a mean tenure with the

company of 13 years (SD 9.2) while males had a mean tenure

of 18 years (SD 11.9). More women were employed

at secondary smelters (63.4) than at primary smelters

(36.6), while for men the opposite was true, 44.9 and 55.1,

respectively.

A larger percentage of females than males were

employed in jobs that were rated as sedentary or light

(27.4 vs. 21.1) and medium (46.1 vs. 42.3). Roughly 28% of

males were in the heavy jobs while only 18% of females were

in the heavy jobs. A substantially larger percentage of males

were also in the most physically demanding jobs—very

heavy. Almost 5% of males were in the very heavy jobs, as

compared with less than 1% of females.

Injury Analysis

There were 3,563 injury events during the study period.

Twenty-seven percent of the sample (N¼ 2,495) experienced

at least one injury during the follow-up period (Table II).

The most prevalent injuries were sprains or strains (32%),

contusions (24%), lacerations (14%) and burn injuries (10%)

(Table III). A substantially large percentage of injuries were

to the hand, wrist, or finger (31%), followed by 18% to the

head, face, and neck area, 13% to the leg or knee, and 11% to

the back. Among all possible injury and body combinations,

the most frequent injuries were sprains and strains to the back

(10%), and contusions or lacerations to the hand, wrist or

finger (18%).

The majority of injured workers (70%) sustained a first

aid injury only (Fig. 1). Irrespective of the nature of the

injury, a very small percentage of injuries resulted in lost

work time. For dislocations (n¼ 6), amputations (n¼ 4) and

fractures (n¼ 121), all potentially severe injuries, only 17%,

25%, and 13%, respectively resulted in at least 1 day of lost
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TABLE I. Baseline Demographic Characteristics of 9,101Hourly Employees, in Eight Metal Manufacturing Plants,
U.S., 2002*

Characteristic All employees (N¼ 9,101)

Sex

Male (N¼ 8,266) Female (N¼ 835)

Mean age,years (SD) 45.0 (9.8) 45.0 (9.8) 44.3 (9.6)
Age category,N (%)
18^24 235 (2.6) 209 (2.5) 26 (3.1)
25^34 1,349 (14.8) 1,236 (15.0) 113 (13.5)
35^44 2,341 (25.7) 2,083 (25.2) 258 (30.9)
45^54 3,561 (39.1) 3,254 (39.4) 307 (36.8)
55^64 1,615 (17.8) 1,484 (18.0) 131 (15.7)

Race/ethnicity,N (%)
White 7,581 (83.3) 6,982 (84.5) 595 (71.3)
Black 936 (10.3) 752 (9.1) 184 (22.0)
Hispanic 310 (3.4) 290 (3.5) 20 (2.4)
Othera 69 (0.8) 59 (0.7) 10 (1.2)

Education,b N (%)
Some college ormore 1,874 (20.6) 1,698 (20.5) 176 (21.1)
HS graduate or less 5,632 (61.9) 5,207 (63.0) 425 (50.9)

Smoking status,c N (%)
Current smoker 2,290 (25.2) 2,071 (25.1) 219 (26.2)
Ever smoked 1,702 (18.7) 1,591 (19.3) 111 (13.3)
Never smoked 2,904 (31.9) 2,554 (32.2) 240 (28.7)

Plant type,N (%)d

Primary smelter 4,014 (44.1) 3,708 (44.9) 306 (36.7)
Secondary smelter 5,087 (55.9) 4,558 (55.1) 529 (63.4)
Mean years since hire (SD) 17.2 (11.8) 17.6 (11.9) 13.0 (9.2)

Plant locatione

1 2,112 (23.2) 1,889 (22.9) 223 (26.7)
2 854 (9.4) 734 (8.9) 120 (14.4)
3 855 (9.4) 818 (9.9) 37 (4.4)
4 1,266 (13.9) 1,117 (13.5) 149 (17.8)
5 1,213 (13.3) 1,139 (13.8) 74 (8.9)
6 869 (9.6) 784 (9.5) 85 (10.2)
7 359 (3.9) 337 (4.1) 22 (2.6)
8 1,573 (17.3) 1,448 (17.5) 125 (15.0)

Physical demand of job,f N (%)
(1) Sedentary 298 (3.3) 265 (3.2) 33 (3.9)
(2) Light 1,673 (18.4) 1,477 (17.9) 196 (23.5)
(3)Medium 3,882 (42.7) 3,497 (42.3) 385 (46.1)
(4) Heavy 2,505 (27.5) 2,349 (28.4) 156 (18.7)
(5) Very heavy 396 (4.4) 389 (4.7) 7 (0.84)

*All employees are those on the payroll during calendar year 2002, including 388 newly hired employees. Employees age, years
since hire, and job demand classification were calculated as of January1, 2002 or at time of hire for newly employed workers.
aOther includes American Indian and Asian/Pacific Islander. Race is missing 2% of all workers (2% of males and 3% of females).
bPercentages do not add up to100 because education is missing for18% of all employees (17% of males and 28% of females).
cPercentages do not add up to100 because smoking is missing for 24% of all employees (23% of males and 32% of females).
dThe four plants with a smelter are considered primary smelting locations and the remaining four production plants are
considered secondary smelter plants.
ePlant locations1^4 are secondary manufacturing plants and plants 5^8 are primary manufacturing plants.
fPhysical demand missing for 3.9% of all employees (4% of males and 9% of females).
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work time. However, over 50% of these same injuries

resulted in restricted work time.

The results from the univariable regression, shown in

Table IV, revealed significant associations between injury

and sex, age, tenure, physical demand, race (Hispanic only),

plant type, and plant. The multivariable model, also in

Table IV, showed increased odds of injury for females when

compared to males (OR¼ 1.57, 1.14–1.85), and highest odds

of injury for the younger age categories. By race, the only

significant increased risk of injury was for Hispanic workers

compared with Whites (OR¼ 1.50, 1.17–1.93).

The odds ratios for physical demand of job ranged from

2.14 (1.44–3.18) for those in jobs classified as light, up to

4.34 (2.75–6.86) for those in very heavy jobs. As time

employed with the company increased, the odds ratios for

injury decreased. Workers employed for less than a year were

nearly two times as likely to be injured as those with the

company for five or more years. Time in current job was also a

strong predictor of injury; if an employee was in their present

job for less than 1 year, their risk of injury was 2.6 times as

those in their job for greater than or equal to 1 year.

The multivariable model was repeated with only the

OSHA recordable injuries (Table V). The odds ratios that

resulted when using only the recordable injuries were of

similar magnitude and in the same direction as those from the

model which included the first aid injuries. While in some

instances the odds ratios for only the recordable injuries were

even more pronounced, the confidence intervals, consistent

with the smaller sample size, were generally wider than those

from the model that included only the first aid injuries.

DISCUSSION

There have been many descriptive studies of workplace

injuries; the data presented in this study are not novel.

TABLE II. FrequencyofAll Traumatic Injuries,byMetalManufacturingPlant,
U.S. 2002^2004*

Plants Na No. of people injured (%)b No. of injuries

1 1,573 563 (36) 872
2 359 66 (18) 100
3 869 260 (30) 362
4 1,213 352 (29) 497
5 1,266 256 (20) 341
6 855 218 (25) 306
7 854 263 (31) 418
8 2,112 517 (25) 667
Total 9,101 2,495 (27) 3,563

*Plant locations1^4 are primary smelters and plants 5^8 are secondary smelters.
aTotal number of employees on the payroll during 2002.
bPercentages are for the row�percent injured workers are out of the total employees
per plant.

TABLE III. All AcuteTraumatic InjuriesAmongHourly Employees by InjuryType and Body Part, 2002^2004*,**

Type of injury

Body part injured

Toe/foot/ankle Hand/wrist/finger Forearm/elbow Head/face/neck Leg/knee Back Shoulder Trunk Total N (%)

Sprain/straina 122 113 82 60 160 360 180 53 1,131 (31.8)
Contusionb 62 314 90 79 171 25 37 58 837 (23.5)
Laceration 2 337 51 81 20 � 2 � 493 (13.9)
Burn 21 133 41 118 34 4 8 6 366 (10.3)
Abrasion 7 44 36 53 75 6 6 9 236 (6.6)
Foreign body 1 37 1 147 2 � � 1 189 (5.3)
Fracture 15 85 6 2 6 1 � 6 121 (3.4)
Eye injuryc � � � 73 � � � � 73 (2.1)
Puncture 4 31 5 1 5 � � 1 46 (1.3)
Bite/sting � 7 5 12 2 2 4 1 33 (0.9)
Electrical shock � 5 � � 1 � � � 15 (0.4)
Blisters (friction) 4 4 2 � � � � � 10 (0.3)
Dislocation 1 2 � � � � 3 � 6 (0.2)
Amputation � 4 � � � � � � 4(0.1)
Total N (%) 239 (6.7) 1,116 (31.4) 318 (8.9) 626 (17.6) 476 (13.4) 398 (11.2) 240 (6.7) 135 (3.8) 3,560 (100)

*Body part missing for N¼ 3 cases.
**The12 injury events to the whole body were excluded from this table.The type of injury was contusion (n¼1), electric shock (n¼ 9), sprain/strain (n¼1), and burn (n¼1).
aSprain/strain are injuries that were categorized as ‘‘Instantaneous Musculoskeletal Disorders-acute.’’
bContusion (bruise)�a impact injury caused by a blow or contact.
cConsists of eye irritations or contusion to the eye.
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However, the method used to obtain the injury estimates is

novel, and after searching the published literature, the first

assemblage of its type. Not only did we investigate injuries

using a company real-time incident surveillance system, but

also we linked it to occupational and environmental

surveillance data and administrative files, which contained

key individual and ecological level measures. This process

created a dataset that contained many variables that are

often not present in any one population-based survey. While

there are challenges with using administrative databases

and linkage, such as lack of a common identifier across

databases, data availability, and coding/key entry errors, we

believe that the benefits of using these data outweigh the

limitations.

Due to the company’s longstanding investment in having

complete injury records, we were able to explore both first aid

and OSHA recordable injuries; prior studies have tended to

focus on the latter. We included these minor injuries not only

because of their prevalence, but also to show that by having

access to the first aid data, a more detailed yet unbiased

exploration of the recordable injuries can be achieved. The

comparison of adjusted odds ratios with and without the first

aid events showed that by including the first aid events, study

power increased, the confidence intervals narrowed, and sub-

analyses by demographics were conducted, all the while not

distorting the patterns of the more serious injuries. Although

the first aid events distribute similarly to the more serious

recordable injuries, these first aid events are an important

aspect of the injury experience. In our study, approximately

70% of all traumatic injuries were first aid. This estimate is

consistent with prior work that shows that the majority of

traumatic injuries are the least severe [Segui-Gomez and

MacKenzie, 2003].

Injuries to the hand, wrist, and finger were very common

in this study. Despite prior research that showed a high

prevalence of injuries to the extremities in this injury, we

were still surprised by this finding because personal

protective equipment (PPE) for these body parts is required

[Schoemaker et al., 2000]. Future studies are planned that

explore the availability, use, and workplace policies that

govern PPE. In those instances where PPE use is lower than

expected, it may be necessary to explore additional engineer-

ing and behavioral interventions to reduce injury [Lipscomb,

2000; Lombardi et al., 2005].

We were also surprised to find relatively few cases of lost

work time for even amputations, dislocations and fractures.

As suggested by Ruser [1999] this finding may be due to

increasing financial and legal incentives that encourage

employers to improve the safety of workplaces, create

more restricted work positions and employ newer methods of

injury follow-up such as managed care. Or, it may have

been that we did not have enough cases, and thus power, to

find differences between specific types of injury and its

association with lost work time as seen in recent studies

[Baldwin and Butler, 2006; Kines et al., 2007]. Our future

work will benefit from the use of data from additional plants

and years. The addition of data will allow for exploration of

multiple injuries to workers, prior injury, and the calculation

of risk estimates for various injury severity categories. We are

also planning to investigate the work experience of injured

employees once they return to work. With the pressure to

return employees to work, further occupational injury studies

FIGURE 1. Distributionof traumatic injuryeventsbycasecodeandnatureof injury,N¼ 3,563,2002^2004.
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are needed to explore the impact on injured workers who

remain in the workforce and the impact on productivity,

employee well-being, and presenteeism, that is, the pheno-

menon whereby workers report to work but cannot function

at their full capacity.

We found that time since hire and time in current job

were both important risk factors for injury. This is consistent

with prior studies that found an association between

injury and job tenure. However, prior studies have mainly

explored either duration of employment or time in job,

rather than multiple levels of job tenure in the same

model [Collins et al., 1999a,b; Schoemaker et al., 2000; Oh

and Shin, 2003; Breslin and Smith, 2006]. We found that

the odds ratio for injury occurrence was greater if an

TABLE IV. Univariable andMultivariable Logistic Regression forAll
Traumatic InjuryAmongHourlyManufacturingWorkers,N¼ 9,101

Univariable
OR (95%CI)a

Multivariable
OR (95%CI)b

Sex
Female 1.33 (1.14^1.55) 1.57 (1.33^1.85)
Male 1.00 1.00

Age category*
18^24 1.96 (1.46^2.64) 1.35 (0.95^1.91)
25^34 1.88 (1.60^2.22) 1.76 (1.45^2.14)
35^44 1.47 (1.26^1.70) 1.57 (1.33^1.85)
45^54 1.52 (1.32^1.75) 1.46 (1.26^1.69)
55^64 1.00 1.00

Education
Some college or more 0.91 (0.81^1.03) 0.90 (0.79^1.02)
HS graduate or less 1.00 1.00

Time since hire*
Less than1year 1.98 (1.59^2.46) 1.73 (1.22^2.47)
1^2 years 1.88 (1.54^2.31) 1.52 (1.20^1.92)
2^3 years 1.30 (0.99^1.72) 1.27 (0.95^1.71)
3^5 years 1.49 (1.26^1.76) 1.28 (1.07^1.54)
5þ years 1.00 1.00

Time in current job
0^12months 1.96 (1.66^2.31) 2.62 (2.10^3.27)
12þmonths 1.00 1.00

Physical demand*
Very heavy 5.18 (3.41^7.87) 4.34 (2.75^6.86)
Heavy 4.19 (2.88^6.11) 3.77 (2.52^5.64)
Medium 2.95 (2.03^4.34) 2.62 (1.77^3.87)
Light 2.56 (1.74^3.76) 2.14 (1.44^3.18)
Sedentary 1.00 1.00

Race
Black 0.88 (0.75^1.03) 1.02 (0.86^1.22)
Hispanic 1.48 (1.17^1.88) 1.50 (1.17^1.93)
Other 0.95 (0.55^1.63) 0.78 (0.45^1.37)
White 1.00 1.00

Plant type
Primary smelter 1.00 1.00
Secondary smelter 0.73 (0.66^0.80) 0.85 (0.77^0.95)

aNote: OR, odds ratio; CI, confidence interval. Odds ratio of1.00 denotes the reference
group.
bFull model which includes sex, age, education, race, location, time since hire, time in
current job, and physical demand score.
*P value (homogeneity)<0.001.

TABLE V. Multivariable Logistic Regression for Only OSHARecordable
InjuriesAmongHourlyManufacturingWorkers,N¼ 7,387*

Multivariable
odds ratios

95%confidence
intervala

Sex
Female 1.72 1.34^2.20
Male 1.00

Age category
18^24 1.88 1.12^3.17
25^34 1.73 1.26^2.37
35^44 1.47 1.12^1.92
45^54 1.47 1.15^1.87
55^64 1.00

Education
Some college ormore 0.91 0.75^1.10
HS graduate or less 1.00

Time since hire
Less than1year 2.30 1.40^3.78
1^2 years 1.62 1.15^2.90
2^3 years 1.38 0.91^2.09
3^5 years 1.03 0.76^1.39
5þ years 1.00

Time in current job
0^12months 2.73 1.91^3.90
12þmonths 1.00

Physical demand
Very heavy 4.14 2.13^8.06
Heavy 3.69 2.09^6.51
Medium 2.23 1.28^3.86
Light 1.58 0.91^2.76
Sedentary 1.00

Race
Black 0.85 0.64^1.12
Hispanic 1.30 0.88^1.93
Other 1.13 0.52^2.46
White 1.00

Plant type
Primary smelter 0.81 0.44^1.51
Secondary smelter 1.00

*The total N excludes all of the workers who had first aid injuries.
aFull model which includes sex, age, education, race, location, time since hire, time in
current job, and physical demand score. Smoking was not statistically significant and
was not included in the final model.
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employee was employed in his or current job for less than

1 year, independent of the total amount of time employed

with the company. This finding indicates that employee

training may need to be at the point of job change, in addition

to at the start of employment. More research is needed to

corroborate this finding and to explore potential effective

interventions aimed at job tenure, in addition to company

tenure.

Since we used the physical demand measure rather than

the job title, no job specific analyses were performed. An

employee’s job was defined according to a company-level

standardized classification system, which allowed for

comparisons across plants. However, this system may raise

questions about our ability to make comparisons between our

data and other studies that have used widely available

measures such as the Bureau of Labor Statistics Standardized

Occupational Codes (BLS SOC). At its most broad level, the

job titles are directly comparable to the BLS SOC. The added

benefit yielded by use of these data is the ability to move

beyond general classifications to more refined and detailed

description of jobs, down to the level of the grade of the job.

This information is very useful in highlighting not only the

most risky jobs according to job title titles, but also whether

risk of injury relates to the grade within the job. These types

of analyses are more challenging to conduct with population-

based survey data for which detailed job information is

unavailable.

Differences in risk of injury were noted for specific

workers. The odds ratios for injury were greater for females

than for males, even after statistically adjusting for potential

confounders. Although research supports increased risk of

injury for women in manufacturing, the explanation for the

difference is not clear [Warner et al., 1998; McCurdy et al.,

1989; Islam et al., 2001]. Future studies of the magnitude

and causes of disparities in occupational injuries by sex

are planned, with particular attention to job demands. The

influence of the distribution by sex among physical demands

has been shown as an important confounder in previous

research [Smith and Mustard, 2004]. The distribution of

women in jobs by demand was different than that for

men, and the risk of injury varied by gender when we

controlled for job demand. We are currently working to refine

our measure of demand and we are planning to study how

psychosocial stress impacts injury, with attention to gender

differences.

The odds ratio for injury in the multivariable model was

also significantly higher for Hispanic employees when

compared with White employees. Prior research supports

higher injury rates for Hispanic and Latino employees,

especially in construction and agriculture [McCurdy et al.,

2003; Brunette, 2004; Brunette, 2005]. We are currently

expanding our collection of data on race and ethnicity and

studies of differences by sociodemographic factors are

planned.

Study limitations

While we were able to successfully create a database by

linking various company databases, there are some limita-

tions to our use of this method. First, with a heavy reliance

on administrative files, issues related to data quality are a

concern, especially reporting quality generally; the resulting

database is only as good as the separate parts used to build it.

Each of the databases used are subject to routine audits by

company personnel in which completeness of injury and

event reporting is emphasized and rated. Although routine

audits and checks occur to ensure accuracy and completeness

of data, possible key entry errors or other inaccuracies may

complicate linking multiple databases. These concerns must

be recognized as further studies seeking to use company

datasets are conducted.

As with studies using existing data, missing data are a

concern. We do believe that the injury files were complete,

and since we explored all injuries we captured even those

that may have been downgraded in terms of severity (e.g.,

deciding to provide first aid over medical treatment for a

laceration). Although the personnel and injury files were

complete, we were missing data for variables collected

during the medical record abstraction. Our analysis of the

missing data did not yield patterns supporting systematic

differences that warranted concern.

There were a number of variables that we did not include

in the present analysis because they were either not available

for all of the included plants or because of concerns related to

statistical power. We did not include any information about

the injury experience prior to the study period because injury

surveillance data were not available during this time for all of

the plants in this research. Since research shows that injury

history is an import predictor of injury, the risk estimates in

this study may actually be underestimates of the true odds of

injury. As more data becomes available, we intend to look at

history of injury on the risk of subsequent injury.

Lastly, we did not explore job change during the study

period. For this analysis, a worker’s job was classified at only

one time point. Thus, it is possible that an employee changed

jobs and the job that the injury occurred in was not the same

job recorded as baseline. Concerns regarding job change is

however minimal, since close review of the data in the human

resources indicated that many employees may have changed

grade for a particular job, but the job title remained the same.

Nevertheless, the issue of job change in relation to injury

needs further examination, especially as time on the job is,

itself, an apparent risk factor for injury.

SUMMARY

In conclusion, occupational injury surveillance systems

can further injury prevention by illuminating the distribution

and frequency of injuries, identifying high-risk groups, and
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evaluating the effectiveness of occupational injury inter-

ventions. However, by itself, injury surveillance systems

are narrow in terms of included measures, and the ability to

explore a number of potential risk factors may be hindered.

Linking injury data to employer administrative files

allows assemblage of information on measures that might

potentially confound an association between a particular

risk factor and injury [Cullen et al., 2006]. Moreover, linkage

of various files maintained by employers, such as those

mentioned in this study, could also permit the multi-level

analysis of individual-level and ecological-level measures on

the risk of injury along with studies that distinguish job

effects from plant effects.

Clearly, we benefited from the close academic and

industry partnership that resulted in the opportunity to link

the various databases. Since data availability to researchers is

often a barrier to workplace studies, the significance of this

partnership cannot be overstated. While it was time con-

suming to build trust, work with employer leadership and

union leaders, develop data use agreements and identify the

most relevant research topics and data, the benefits of such a

partnership have begun to outweigh the initial start-up

investment.
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