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Abstract. Background: To investigate the intersection of aging with work limitations, chronic medical and musculoskeletal
conditions, and physical functioning we undertook a cross-sectional study of U.S. construction roofers who were current union
members between the ages of 40 and 59.

Methods: Participants were asked about the presence of medical conditions and musculoskeletal disorders (MSDs); the Work
Limitations Questionnaire, the SF-12, and other validated assessments of social and economic impact of injury were included.
Results: Sixty-nine percent had at least one of these conditions in the previous two years; 31% missed work. Workers with
medical and musculoskeletal conditions were older, had the highest prevalence of work activity limitations, and had the lowest
SF-12 scores.

Conclusions: Older age was associated with the presence of a medical condition, and with reduced physical functioning. Medical
and musculoskeletal conditions were strongly associated with work limitation, missed work, and reduced physical functioning.
Older workers may be at higher risk of disability retirement compared to younger workers with similar medical conditions and

work limitations.
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1. Introduction

Construction, one of the largest industries in the US,
is also one of the most dangerous. Despite continu-
ing efforts to reduce the number of occupational in-
juries and illnesses, the construction industry continues
to record a high rate of injuries. In 2005 , there were
193 injury and illness cases with days away from work
per 10,000 full time equivalent workers [4]. Cross-
sectional studies reveal a high prevalence of chron-
ic musculoskeletal complaints (pain, ache, and dis-
comfort) among construction workers [13,14,18,23,
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31]. The physically demanding nature of the work,
manual materials handling, awkward and static pos-
tures, vibration, harsh outdoor environment, and re-
lated risk factors help explain why strains and sprains
are the most common type of work-related injury in
construction, accounting for a high percentage of all
injuries resulting in days away from work [3,28] as
well as a high prevalence of musculoskeletal disorders
(MSDs) [11]. Roofers in particular have a high rate
of injury, at 216 per 10,000 workers [4] and a high
prevalence of MSDs [9,16].

At the same time, the average worker, including the
average construction worker, is getting older. The US
Bureau of Labor Statistics projected that between 1995
and 2005 the number of workers over age 55 would
increase at an annual rate of 2.5%, a rate faster than
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other age strata [25]. Construction workers are typi-
cally younger than the national labor force; however
they are also aging. From 1980 to 2000, the proportion
of construction workers aged 40 to 49 years increased
from 17 to 28%, while the proportion of construction
workers in the 20-to-29-year age group decreased from
32 t0 21% [3]. As we learn more about the charac-
teristics of older workers, and their ability to maintain
health and productivity on the job, the evidence sug-
gests that work demands need to be changed in order
to accommodate the work limitations found in an older
workforce [15].

This cross-sectional study investigated the preva-
lence of medical and musculoskeletal conditions
among working roofers, and examined the association
between these conditions and age, physical function-
ing, and work limitations. The project was reviewed
and approved by the institutional review boards of the
Center to Protect Workers’ Rights and George Wash-
ington University.

2. Methods
2.1. Selection of study population

Our goal was to enroll 1000 currently employed
roofers. The Roofers International Union provided us
with names, home addresses and dates of birth for all
union members as of March 2004, and we random-
ly sampled just over 3000 subjects, by age and union
membership status; based on pilot data we sampled
more than our target population of 1000 to allow for
loss to follow-up . Roofers on the union membership
roster were eligible to be selected for the target popu-
lation if they: 1) were between the ages of 40 and 59;
2) were current union members; and 3) had maintained
continuous union membership during the previous two
years. Roughly equal numbers of subjects were select-
ed from the age sub-groups 40-44, 45-49, 50-54 and
55-59 years. Workers aged 40 to 59 were targeted for
selection based on pilot study data that showed this age
range to account for the majority of all reported health
conditions.

At the time of the interview we found that 59 of the
subjects in the target population were included erro-
neously; 51 were no longer union members and 8 were
deceased. Of the remaining individuals, 1200 could
not be contacted by phone, for a lost-to-follow-up pro-
portion of 40%; 1808 target subjects were successfully
contacted by phone. Members of the target popula-

tion were eligible for participation in the study if they
were working as a roofer or roofing supervisor (either
full- or part-time) or expected to be so employed in
the next 3 months; this information was determined
in the interview, and 239 did not meet this criterion.
Among the 1569 subjects who did meet this final cri-
terion, 979 (62%) completed an interview. There was
no significant difference in participation rates between
age groups.

2.2. Data collection methods

A letter describing, in English and Spanish, the na-
ture and purpose of the study was sent to members
with known phone numbers in the month before the
first interview attempt. Both directory assistance and a
commercial vendor were used to find telephone num-
bers, and at least six interview attempts were made for
each subject for whom a phone number was found. In-
formed consent was obtained from each subject over
the phone prior to initiation of the interview. Interviews
were conducted in both English and Spanish using a
computer-assisted telephone interview.

2.3. Measures

The baseline interview included questions on: (1)
medical and musculoskeletal (MSD) conditions expe-
rienced by the respondent in the past two years, (2)
missed work and job accommodations related to these
conditions, (3) frequency and duration of MSD symp-
toms, (4) the respondent’s functional status, (5) eco-
nomic status, and (6) basic demographics. The med-
ical condition portion of the interview included ques-
tions on the following specific diseases and condi-
tions, termed “target medical or MSD conditions™: can-
cer/leukemia; heart attack/disease; stroke; liver prob-
lems; stomach/intestinal problems for which the re-
spondent took medication or regularly saw a doc-
tor; kidney/bladder problems; diabetes-related health
problems; lung/breathing problems; neurological prob-
lems; loss of vision; serious burns that required med-
ical attention; and psychiatric/emotional problems or
drug/alcohol problems for which the respondent saw
a doctor or other health professional. These initial
questions were modeled on questions from the Nation-
al Health Interview Survey, with the addition of spe-
cific questions about the impact of each condition on
work ability and time off work over the prior two years.
Additionally, each subject was asked whether he or
she had taken medication or regularly seen a doctor
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for problems with his or her neck/upper back, shoul-
der, elbow/forearm, finger/thumb, hand/wrist, lower
back/sciatica, hip, knee, or ankle/foot.

We identified the most serious medical or MSD con-
dition for each respondent. For respondents who re-
ported missing work for only one condition, that con-
dition was classified as the most serious. Respondents
with multiple conditions who did not miss work, or
who missed work for more than one condition, were
asked to specify the most serious condition.

To assess the impact of health problems on respon-
dents’ functional status and work performance we used
previously validated instruments: the Short Form 12
(SF-12) [33,34], eight items from the Work Limitations
Questionnaire (WLQ) [21], and a series of questions
developed and validated by Pransky [25,26] to assess
social or economic changes in the past 12 months.

The SF-12 has been used in many studies; more
details on development of the instrument, the specif-
ic questions, and validity of the scales can be found
on the Quality Metrics website.! The WLQ has been
validated in a range of different employee populations
and for a variety of different health conditions [2,20,
24]. We included the WLQ questions that asked if the
respondent (1) was able to do all of the work he/she
needed to do without stopping to take breaks or rest;
(2) was able to lift, carry, or move the objects he/she
needed at work; (3) was able to walk or move around
to different locations at work he/she needed to; (4) was
able to bend, twist, or reach as much as he/she needed
to; (5) was able to concentrate on his/her work; (6) was
able to see and hear well enough to do all his/her tasks;
(7) if he/she used hand held tools, pens, or computer
equipment, was he/she able to use the handheld tools,
pens, or computer equipment he/she needed to; and (8)
if he/she needed to make the same movements repeat-
edly, how often was he/she able to do this as much
as needed. The respondent was asked to answer each
question using the categories of: none of the time, some
of the time, about 1/» the time, most of the time, or
always. We classified each participant as having none,
one or two, or three or more limitations among these
eight questions. Participants who answered fewer than
four of the eight questions were excluded from analyses
using the WLQ.

To assess the social impact of the MSD and medical
conditions we asked the respondent to use the options
of “almost always, often, sometimes,rarely, or never”

L http://www.qualitymetric.com/products/comparesfsurveys.aspx.

and tell us: (1) how often have you felt like you can’t
take care of your family like you used to? (2) how
often have you been afraid that in the future you will
be unable to earn a living? (3) how often have you
worried that your health will get worse if you continue
to work? (4) how often have you felt like you couldn’t
cope with stressful problems — like financial difficulties,
conflicts with your spouse or partner — as well as you
used to? A 5th question asked: if you had to spend
the rest of your life with your health as it is right now,
would you feel very dissatisfied, somewhat dissatisfied,
neither dissatisfied or satisfied, somewhat satisfied, or
very satisfied?

2.4. Satitical analysis

Descriptive statistics were used to summarize the
results of the survey. Dichotomous variables were
compared using the Chi-Square test of general as-
sociation.  Ordinal data were compared using the
Cochran-Armitage test for trends or the Cochran-
Mantel-Haenszel test for s x r tables. The analysis
of variance (ANOVA) method was used for contin-
uous variables when comparing means of more than
two groups. Of the twelve items in the SF-12 mea-
sure of health status, five items were used to create
four subscales. The Physical Functioning (PF) health
concept was estimated using two items which included
health limitations due to moderate activities and prob-
lems such as climbing several flights of stairs. Bodily
Pain (BP) consisted of one item about pain interference
with normal work. General Health (GH) was com-
prised of one item about general health. Vitality (VT)
was comprised of one item about energy. The SF-12 v2
manual provided formulas to transform each raw score
to a 0-100 scale, as well as formulas to standardize
the scores to a Norm-Based Score (NBS) system [33].
The NBS is a linear transformation of the scores to
achieve a mean of 50 and a SD of 10 in the general U.S.
population, and this system makes interpretations and
comparisons more meaningful across scales. Lower SF
scores indicate less favorable health status.

All statistical analysis was performed with SAS for
Windows Version 9.1 [27].

3. Results
Sixty-nine percent (69%) of respondents had expe-

rienced at least one target medical or musculoskeletal
condition in the previous two years. Fifty-four per-
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Table 1
Proportion of 979 respondents reporting target musculoskeletal
conditions

Condition N (%)
Lower back/sciatica 281 (28.7)
Knee 147 (15.0)
Neck/upper back 138 (14.1)
Shoulder 105 (10.7)
Elbow/forearm 95 9.7)
Ankle 87 (8.9)
Hand/wrist 81 (8.3)
Finger/thumb 60 (6.1)
Hip 38 (3.9)
Table 2
Proportion of 979 respondents reporting target medical conditions
Condition N (%)*
Lung/breathing 142 (14.8)
Stomach/intestinal 104 (10.9)
Vision 72 (7.5)
Burns 40 4.2)
Neurological 36 (3.8)
Heart 38 (4.0
Kidney/bladder 37 (3.9
Psychiatric/emotional 34 (3.6)
Liver 22 (2.3)
Cancer/leukemia 22 (2.3)
Drug/alcohol 16 1.7)
Diabetes+ 9 0.9)
Stroke 4 (0.4)

*Because we were most interested in the impacts of respondents’
most serious health problems and cancer was presumed to be more
serious than other target medical conditions, 22 respondents with
cancer were not asked about other medical conditions. Consequent-
ly, the total number of respondents was 979 for cancer/leukemia and
957 for all other medical conditions, and prevalence of medical con-
ditions may be slightly underestimated compared to that of muscu-
loskeletal problems.

+Numbers represent respondents who reported diabetes-related
health problems, not simply a diabetes diagnosis.

cent (54%) of subjects reported at least one MSD, and
42% reported at least one medical condition. The to-
tal number of conditions reported by any one person
ranged from one to nine, with 42% of subjects reporting
multiple conditions and 28% reporting multiple MS-
Ds. Lower back/sciatica problems were the single most
commonly reported health problem, affecting over a
quarter of all respondents; lung disease led the list of
medical conditions (Tables 1 and 2). An MSD was
the most serious condition for 65% of subjects; of the
530 subjects with at least one MSD, 58% reported that
their symptom episodes in the prior year were either
frequent or of long duration. Of those with an MSD
as their most serious condition, 79% of these roofers
reported that their MSD was work-related.

Among subjects whose most serious condition was
a medical condition, 15% reported that the problem

had started more than ten years prior, and another 15%
reported onset occurring five to ten years previously;
almost half of subjects with medical problems were es-
timated to be younger than age 45 when the problem
began. The pattern was similar among subjects whose
most serious condition was an MSD condition; more
than 50% of subjects with a serious MSD were esti-
mated to be younger than age 45 when the problem
began.

Ten percent of our participants were Hispanic, and
11% were members of a racial minority. There was no
association between ethnicity or race and either age or
prevalence of health conditions. Only three of our par-
ticipants were women; they were included in all analy-
ses and not presented separately. Table 3 shows that the
prevalence of medical conditions increased with age
(p < 0.01), while the proportion of subjects with MS-
Ds was roughly equal across all age groups. Increased
age was also significantly associated with decreased
physical functioning, but not with bodily pain, gener-
al health, vitality, missed work, or work limitations.
(Table 3 includes several different statistical measures,
since the SF-12 scores are continuous, which the other
variables are ordinal; see methods).

Nearly one-third (31%) of all respondents reported
missing time from work in the two years prior to in-
terview due to a target medical condition or MSD, and
the likelihood of missing work increased significantly
as the number of reported conditions increased (p <
0.001) (data not shown). Sixty-four percent (64%) of
those with three or more conditions reported missing
work due to their health in the previous two years,
compared to 33% of subjects with one or two target
conditions. Forty-one percent (41%) of subjects with
at least one musculoskeletal problem and 31% of sub-
jects with at least one medical condition reported that
an MSD had caused them to miss work. Of all target
conditions, cancer/leukemia was most likely to result
in time away from work (55% of cases), followed by
heart problems (53%), diabetes (33%), burns (38%),
and lower back/sciatica problems (35%).

Table 4 shows the proportion of participants report-
ing work limitations in five areas, and Table 5 shows
the association of work limitations with health condi-
tions. Fourteen percent (14%) of workers with a med-
ical condition indicated a limitation in three or more
work activities, compared to only 4% of respondents
with no condition. Workers with both medical and
musculoskeletal conditions had the highest prevalence
(18%) of limitation in three or more work activities.
The presence of one or two work limitations varied from
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Table 3
Relationship between age and SF-12 subscales, missed work, medical and/or MSD conditions, economic impact score and
work limitations

Age Group
40-44 45-49 50-54 55+ p-value
N =243 N =276 N =254 N =206

Physical Functioning 516 +7.8 50.7 £ 8.3 49.2 +9.6 485+ 9.6 0.003*
Bodily Pain 485+ 10.3 47.0 +£11.9 479+ 115 475+ 11.4 0.46*
General Health 492 +9.8 48.4 £10.0 474 £105 4794+94 0.22*
Vitality 53.7+9.6 543+9.38 54.7+8.3 55.0 £ 7.9 0.46*
Any Missed Work (vs. No Missed Work) 31% 33% 31% 26% 0.27**
No Medical or MSD Condition (vs. any) 36% 30% 30% 27% 0.05+*
Health Condition (vs. none)

MSD Condition Only 29% 30% 25% 25% 0.77**

Medical Condition Only 11% 12% 19% 20% < 0.01**

Both MSD and Medical Conditions 41% 49% 46% 52% 0.13"*
Work Limitations 0.95%**

None 52% 51% 52% 49%

1-2 39% 3% 39% 39%

34 9% 12% 10% 12%

Data presented as Mean + Std or %.

Some responses do not sum to 100% due to rounding.
*Analysis of Variance (ANOVA).
**Cochran-Armitage test for trend.

***Chi-square test.

Table 4
Association between medical conditions and participants’ self-assessment of health, pain, and ability to care for family
Type of Condition
None MSD Only  Medical Only  Both Medical and MSD  p-value
N =302 N =265 N =146 N =260

Reported health as “poor” or “fair” (vs. “good”, “very 4.6% 8.3% 19.7% 24.6% < 0.01
good”, or “excellent”)
Accomplished less than you would like because of phys- 8.3% 17.7% 25.3% 39.4% < 0.01
ical health (vs. not accomplished less)
Pain interfered with work inside and outside the home 2.3% 11.6% 19.3% 10.5% < 0.01

“quite a bit” or “extremely” (vs. “not at all”, “a little

bit”, or “moderately”)

Pain interfered with work inside and outside the home 1.7% 5.3% 7.5% 13.6% < 0.01
“quite a bit” or “extremely” (vs. “not at all”, “a little

bit”, or “moderately”)

Felt “often” or “almost always” that you could not take 2.3% 4.9% 6.1% 16.3% < 0.01
care of your family “like you used to” (vs. “sometimes”,

“rarely”, or “never”)

Numbers presented as %. All Comparisons are done using the Chi-Square test.

Table 5
Proportion of respondents reporting work limitations, by type of condition
Type of Condition+

Total Number of Responses Indicating a None MSD Only  Medical Only  Both Medical and MSD  All Respondents
Work Limitation (Out of 8 Possible) n =302 n = 265 n = 146 n = 260 n =973

0 63% 54% 45% 38% 51%

1to2 33% 37% 41% 44% 38%

3 or more 4% 9% 14% 18% 11%

*Six subjects who were non-responsive to 4 or more of the work limitations questions were excluded from the analysis.
+p value < 0.001 for difference in distribution of work limitation responses using Cochran-Mantel-Haenszel test.

33% among participants without medical or MSD con- MSD and medical conditions were also strongly asso-
ditions reported some work limitations, to 44% among ciated with the participants’ self-assessment of health,
participants with both medical and MSD conditions. pain, and their ability to accomplish things and care
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for their families. Only 2.3% of the workers with no
conditions felt often, almost always or always that they
could not take care of their families like they used to;
this proportion increased to 16.3% among workers with
both an MSD and medical condition.

Figures 1 and 2 display the relationship between
work limitations and the SF-12 norm-based subscales
for physical functioning (PF) and vitality (VT) The da-

ta are presented for those participants with no medical
conditions, MSD conditions only, medical conditions
only, and both MSD and medical conditions. For indi-
viduals with health conditions the figures show that as
work limitations increase, the SF-12 sub score decreas-
es. The figures also show that the participants with-
out reported work limitations, MSDs, or medical con-
ditions had functioning substantially above the popula-
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tion average score of 50, with average normed scores
of 58 for vitality and 55 for physical functioning.

4. Discussion

In this study we found that (1) there was a signif-
icant burden of MSDs and medical conditions among
construction roofers ages 40-59 who were actively
employed; (2) many construction workers continue to
work with pain and work limitations; (3) construction
workers with medical and MSD conditions had more
work limitations than the rest of the study group (4)
construction workers without MSDs or medical condi-
tions described higher than expected vitality and few
work limitations and (5) increasing age was associated
with reduced physical functioning independent of the
presence of a medical condition or MSD.

In our study 69% of respondents had experienced
at least one target medical or musculoskeletal condi-
tion in the previous two years. This is somewhat high-
er than prevalence found using a definition similar to
ours in a Finnish study of a large working population;
45% of the men aged 45-54 had a long term illness
diagnosed by a physician, increasing to 50% in ages
55-64 [15]. Our participants specifically had a high
prevalence of low back pain, consistent with several
prior cross-sectional studies among construction work-
ers, although rates vary and the definitions of low back
pain across the studies are not strictly comparable [5,
14,23,31]. In the Finnish study the reported prevalence
of any MSD was 64.3%, and of back pain was 28%,
with prevalence increasing with age somewhat [15].

Physical functioning was significantly lower in the
55+ age group compared to younger workers. Mean
scores on the physical component of the SF-12 are
available for the US population, and this score does
decrease with age, from a mean of 53.8 in 20-29 year
olds to a mean of 45.6 in 60-69 year olds. Nationally
men 40-49 had a mean score of 50.9, and those 50-59
a mean score of 48.6. The mean value for our group
of roofers falls within the 95% confidence intervals for
this national data. These national means do include
the entire civilian non-institutionalized population, and
since 40% of the entire US population is not employed,
our respondents are not drawn from the same sample
and so these data are not strictly comparable.

The presence of a health condition, physical func-
tioning, missed work and work limitations were in-
tertwined. Having a medical condition in combina-
tion with an MSD was associated with work limita-

tion, missed work, and lower SF-12 scores among these
roofers. Lower SF-12 scores were associated with more
work limitations. Some work limitation was report-
ed by 49% of our participants; a similar prevalence of
work limitation has been reported in two retrospective
surveys of workers with MSDs [17,26].

In this analysis, older age is associated with de-
creased physical functioning, and older workers were
more likely to have medical conditions. Medical and
musculoskeletal conditions — which are quite preva-
lent — are strongly associated with work limitation,
missed work, or reduced physical functioning, and the
prevalence of medical conditions increases with age.
However in looking at all the relationships between
work limitations, SF-12 scores, age, and condition, we
find that our older workers may be at higher risk of early
retirement even when these other factors are accounted
for in an analysis. It may be that disease among older
workers has a greater impact on physical functioning
than it does in younger workers, or that older workers
describe limitations in physical functioning even with-
out a specific medical diagnosis [8,15,29]. Older per-
sons generally have poorer outcomes from treatment
of back pain [10,12,22], and are more likely to miss
work [32]. A longitudinal study in Finland found that
the proportion of workers who perceived their health to
be good or rather good decreased with age, from 80%
in the ages 30-44 down to 48.7% of men over 55 [15] .

We believe these roofers are reasonably representa-
tive of our target population of union roofers in age,
ethnicity and race. As noted above, there was no sig-
nificant difference in participation by age group. Al-
though the Roofers International Union does not keep
data on race and ethnicity for its members, we esti-
mate that 16% of union roofers are Hispanic based on
the following information:. Thirteen percent (13%) of
union and 21% of non-union construction workers are
Hispanic, with an overall rate of 19% [3]. Since twenty
three percent of all roofers in the US are Hispanic, a
reasonable estimate is that 16% of all union roofers are
Hispanic. The proportion of all construction workers
who are Hispanic varies significantly by age [3], with
Hispanic workers making up 17% of the 30-35 years
olds, 13% of the 45-49 year olds, 7% of the 50-54
year olds, 6% of the 50-55 year olds and 3% of the
55-59 year olds; we do not have similar estimates for
roofers in particular. Given the age distribution of our
study group, 40-59, the 10% proportion of Hispanics
enrolled is reasonable close to national estimates for
union roofers. Finally nationwide 12% of roofers are
from a racial minority, again quite comparable to the
11% among our participants.
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Like older working populations, this study popula-
tion has surely been subject to selection, since it in-
cludes the workers with MSDs who managed to return
to work and thus be eligible for entering this study [6,
7]. A healthy survivor effect is suggested by the fact
that a majority of the conditions reported among our
participants began before age 45. Siebert et al. exam-
ined the impact of medical conditions on job change
in a cohort of German construction workers, and found
that the presence of a back or spine disorder increased
the likelihood of changing jobs, with a RR of 1.17;
the peak age for job mobility was between ages 45
and 49 [30]. In the Netherlands, the risk for disability
among construction workers increased with age until
age 54; workers 55 and older had a risk of disability
retirement comparable to the workers aged 30-34. The
number of cases in the group over 55 was much smaller
than in other age groups as well, suggesting that the
workers over 55 were healthy survivors [1]. Assuming
that some workers with medical conditions and MSDs
change occupations or leave the workforce shortly af-
ter condition onset, no cross-sectional group of work-
ers is representative of all workers ever-employed in
construction.

Given the high prevalence of medical and muscu-
loskeletal conditions, the moderate rate of missed work
and work limitations, in combination with a decrease
in physical function with aging, this group of roofers
is at risk for substantial disability from work. It is
likely that a large proportion of the burden of MSDs
and associated functional impairment is work-related:;
these roofers reported that almost 80% of the MSDs
classified as the most serious condition were caused by
work, and much other research supports the very signif-
icant contribution of physical factors to MSDs among
construction workers [14,18,19,23,28]. Any effort to
prolong the working career of construction roofers will
need to be multi-faceted, and should include reduction
in the physical load of work, specific job accommo-
dations after injury, and special attention to functional
limitations in older workers at a minimum. Without
concerted attention to these issues, the US will face a
worsening shortage of skilled construction workers.
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