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Objectives

We investigated multiple trajectories of the probability of reporting health-related productivity
loss over a 20-year period among adults aged 25–44 years and explored differences among the trajectories in
demographic and personal characteristics and employment outcomes in midlife.

Methods A latent class growth analysis of health-related productivity loss was estimated on 12 waves of data

from the National Longitudinal Survey of Youth (NLSY79) (N=5699), an ongoing nationally representative
longitudinal survey of Americans. Waves 1–5 were collected annually at ages 25–29 years. Waves 6–12 were
collected biennially at ages 30–44 years. Productivity loss was measured as “health fully preventing a person
from working” or “health limiting the amount or kind of work a person could do”. Differences among trajectories
were assessed using analyses of variance (ANOVA) and Chi-square tests.

Results A five-group trajectory model for productivity loss was identified: (i) no risk, (ii) low risk, (iii) high

risk, (iv) increasing risk at early ages, and (v) increasing risk at later ages. At the first wave, after the waves used
for the trajectory model in which respondents were approximately age 45 years, the no- and low-risk groups
worked the most weeks and hours per week and had the highest percentages of participants employed ≥10 weeks
compared to the high-risk and early-/late-onset increasing-risk groups, all of which had the lowest levels of
mastery, self-esteem, education, and socioeconomic status.

Conclusions There are several developmental patterns of productivity loss, with some trajectories being associ-

ated with lower work participation in midlife. These high risk patterns may be indicative of individuals needing
intervention to prevent premature work withdrawal.

Key terms longitudinal analysis; sick leave; sickness absence; trajectory analysis; United States; work ability;
work disability.

Productivity loss at work due to health problems represents a serious concern in today’s workforce. The Commonwealth Fund estimates approximately $260 billion
in lost productivity for health reasons per year in the
United States alone (1). As the workforce continues to
age and chronic illness becomes more prevalent (2–4),
concerns about the ability of workers to be fully productive are on the rise (5). There has been some debate
about how to best measure productivity loss, but the
general consensus is that productivity loss due to health
problems includes absence from work while employed,
reduced productivity when at work (presenteeism), and
premature withdrawal from employment (6, 7).
Despite some consensus on what constitutes health-

related work productivity loss, there is little information about how and when this problem develops over
a working lifetime, the reasons for temporal variation
in patterns of productivity loss, and how these patterns
may differ in risk for subsequent loss of employment.
Many studies on productivity loss have examined factors
associated with cross-sectional differences or short-term
changes in productivity loss (≤5 years) (8–13), economic
costs associated with productivity loss (14–17), and
associations with subsequent employment loss and/or
early retirement (8, 18, 19). Some have explored more
long-term (≥10 years) developmental patterns of productivity loss across one’s working career, but these studies
have incorporated only a few observations over time or
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include only a limited range of jobs (such as municipal
managers), and outcomes are often limited to subsequent
at-work productivity or well-being (18, 20).
If distinct long-term temporal patterns of productivity can be identified, and these patterns differ in
risk of subsequent work disability, this may create an
opportunity for new interventions to prevent disability
and improve productivity, well before permanent work
limitations or work loss has occurred. Interventions
before work disability actually occurs are more likely
to have a positive impact than attempts to reverse longterm work absence that follows a prolonged period of
declining work ability (21). However, the lack of predictive information on which workers are at risk is a barrier
to effective interventions.
In the current study, we examined developmental trajectories of the probability of experiencing health-related
productivity loss over a 20-year period from ages 25–44
years. The first goal of this study was to evaluate longitudinal data on self-reported productivity loss to determine
whether distinct temporal patterns exist. More specifically, we aimed to identify multiple different trajectories
for the probability of productivity loss over time to see if,
in fact, multiple trajectories exist and, if so, to describe
these patterns in terms of whether they show (i) a generally high or low probability of productivity loss over time,
(ii) an increasing or decreasing probability of productivity loss, and (iii) at what age an increase or decrease in
probability would occur. A second aim of the study was
to examine (i) differences in personal and demographic
characteristics among the trajectories, such as higher
self-esteem and education, and (ii) whether differing patterns of experiencing productivity loss between the ages
of 25–44 years are associated with different employment
outcomes in midlife, including the number of weeks
worked in a year and the number of hours worked per
week. If different employment outcomes are found based
on the trajectories for productivity loss, this may have
implications for identifying individuals at risk of poor
employment outcomes in midlife. A strength of this study
is the availability of information spanning the majority
of respondents’ prime working years, providing a unique
opportunity to identify long-term developmental patterns
of productivity loss. This study may help to detect high
risk patterns for potential work disability later in life.

Methods
Participants
This study utilized data from the National Longitudinal
Survey of Youth 1979 (NLSY79), which is sponsored by
the US Bureau of Labor Statistics (BLS) (22). A total of

12 686 participants aged 14–22 years were first surveyed
in 1979. Follow-up interviews with participants were
conducted annually from 1980–1994, and then every
other year starting in 1996. The data is publically available for all years up to 2010 when the participants were
aged 45–53 years. In 2010, 7565 participated for a retention rate of 59.6% of the original sample. The NLSY79
gathers information about a variety of topics including
demographic characteristics, employment characteristics,
income and assets, education, and work limitations.
For the current study, we were interested in examining trajectories of productivity loss over a 20-year
period during the prime working years, specifically ages
25–44 years. In the current study, we restructured the
NLSY79 data so that participants would enter our
sample at age 25 and be similar ages at each of the 12
waves. For the first wave, we utilized data from the
appropriate interview year at which participants should
have been 25, based on their age in 1979. Data were
collected annually until 1994, so the first five waves
in our sample represent the ages at which participants
should have been 25–29 years. The data were collected
every other year starting in 1996, and so data for waves
6–12 were used for 2-year age groups. For the outcomes
associated with the trajectories of productivity loss, we
used data from the first interview year at which participants were ≥45 years or older. Table 1 displays the year
of data used for each wave in our sample based on the
participant’s age in 1979.
Within the 12 waves of data used for modeling
the trajectories of productivity loss, we only included
participants who had valid data for ≥6 waves and who
participated in the interviews for wave 1 and for wave
12. This yielded a sample of 5699 unique cases for our
trajectory model. Of the 12 686 participants in 1979,
4066 who did not have valid data in ≥6 waves were
excluded from our study. An additional 2921 participants
were excluded who did not participate in both waves
1 and 12. Additional information on the sample is
included in the supplementary material (www.sjweh.fi/
data_repository.php).
Measures
Productivity loss. The variables used to measure productivity loss trajectories were a composite of three items
asked in each interview year: (i) “Would your health keep
you from working on a job for pay now?”, (ii) “Are you/
would you be limited in the kind of work you (could)
do on a job for pay because of your health?”, and (iii)
“Are you/would you be limited in the amount of work
you (could) do because of your health?” Prior to 2000,
all participants, who reported that they were not working
in the previous week regardless of whether they were
employed or not, were asked the first question. From
Scand J Work Environ Health 2014, vol 40, no 4
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Table 1. Representation of the survey year used to provide data for the respective wave and age range based on the respondent’s age in 1979. a
Wave/age in
our sample
1/25
2/26
3/27
4/28
5/29
6/31–32
7/33–34
8/35–36
9/37–38
10/39–40
11/41–42
12/43–44
Outcomes
a

Age in 1979
14

15

16

17

18

19

20

21

22

1990
1991
1992
1993
1994
1996
1998
2000
2002
2004
2006
2008
2010

1989
1990
1991
1992
1993
1996
1998
2000
2002
2004
2006
2008
2010

1988
1989
1990
1991
1992
1994
1996
1998
2000
2002
2004
2006
2008

1987
1988
1989
1990
1991
1994
1996
1998
2000
2002
2004
2006
2008

1986
1987
1988
1989
1990
1992
1994
1996
1998
2000
2002
2004
2006

1985
1986
1987
1988
1989
1992
1994
1996
1998
2000
2002
2004
2006

1984
1985
1986
1987
1988
1990
1992
1994
1996
1998
2000
2002
2004

1983
1984
1985
1986
1987
1990
1992
1994
1996
1998
2000
2002
2004

1982
1983
1984
1985
1986
1988
1990
1992
1994
1996
1998
2000
2002

For example, for 14-year old respondents in 1979, data for the first wave (age 25) in the sample came from the 1990 survey.

2000 on, this question was only targeted at participants
who reported that they were employed but not working
in the previous week. All respondents, who were working
the previous week or answered “no” to the first question,
were asked the remaining questions. All respondents were
asked at least one of the questions about productivity
loss in each wave, and we did not observe any changes
in the pattern starting after 2000. For all three questions,
respondents were not asked what specific health condition was responsible for their productivity loss. For each
wave, a single item was created which coded participants
1 if they reported yes to any of the three questions and 0 if
they reported no and were working ≥10 weeks during the
previous calendar year of the interview. In the trajectory
variables, we omitted participants who reported that pregnancy was the reason for their productivity loss in a given
wave. Across waves, the number of participants omitted
due to pregnancy ranged from 1–115, with an average of
49 participants omitted per wave. Additional information
on measure of productivity loss is included in the supplementary material (www.sjweh.fi/data_repository.php).
Baseline covariates. The baseline covariates were used
to estimate the productivity loss trajectories. The trajectories were adjusted for gender and race/ethnicity.
Gender was coded 1 for female and 0 for male. Race/
ethnicity was coded 1 for white/non-Hispanic and 0 for
non-white/Hispanic.
Trajectory characteristics. Several variables were used to
characterize the trajectories of productivity loss. These
variables were not included in the trajectory model but
rather used to assess differences between the trajectories.
The Pearlin Mastery Scale was assessed in 1992 using
7-items to measure self-concept and the extent to which
people feel in control of their lives (23). Participants
were asked how strongly they agree or disagree with
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each statement on a 4-point response scale ranging from
1=“strongly disagree” to 4=“strongly agree.” The items
were averaged to create a total score with higher scores
indicating higher mastery (α=0.79). The Rosenberg SelfEsteem Scale was assessed in 1980, 1987, and 2006 using
10 items measuring the self-evaluation (approval or disapproval) that people make of themselves (α=0.83–0.87)
(24). Participants were asked how strongly they agree
or disagree with each statement on a 4-point response
scale ranging from 1=“strongly disagree” to 4=“strongly
agree.” We used the average of the three assessments for
analyses. Higher scores indicated higher self-esteem.
Socioeconomic index (SEI) was assessed at every wave
with a valid occupation listed. For data from interviews
between 1982–2000, the SEI was coded using Stevens
& Cho’s (25) method for converting 1980 census occupational codes to SEI (26). For data from interviews
between 2002–2008, the crosswalk provided by Frederick & Hauser (27) was used for converting 2000 census
occupational codes to SEI (28). We used the average SEI
across waves for analyses. Educational attainment was
assessed at the last wave in our sample as the highest
year of schooling completed (eg, 4th year of college). At
the wave at which participants were first ≥45 years, we
used measures of the number of weeks worked in the
calendar year (1=≥10 weeks, 0=<10 weeks), the number
of hours worked per week, and employment status. The
hours worked per week measure included self-reported
information about the actual number of hours worked for
the entire previous calendar year and was calculated as
the total number of hours worked per year divided by the
number of weeks worked per year. As such, even if a person who reported having productivity loss that prevented
them from working in the week prior to the survey may
still have a value >0 for hours worked per week. We also
assessed general mental and physical health using the
SF-12 (29). The SF-12 involves two summary scores, for
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mental and physical health each, computed using normbased scoring methods. Higher scores indicated greater
mental and physical health. Participants completed the
SF-12 in the first wave they participated in after turning
age 40. Ideally this measure would have been asked at
ages 40 or 41, but in some cases the age 40 module was
completed later. All participants in our sample completed
the module by age 45.
Statistical analysis
The analyses were conducted in two stages. First, the
trajectory model was estimated using the user-written
program “traj” for STATA (Stata Corp LP, College Station, TX, USA) (30). This program is used for implementing latent class growth analysis (LCGA), a type of
growth mixture modeling (31). Compared to traditional
growth curve analysis, which estimates a single trajectory, LCGA has the advantage of being able to identify
distinct subgroups of individuals who follow similar
developmental trajectories in a larger sample. We used
the logit option to model the trajectories that plotted
the probability of productivity loss across the age range
in our sample. The productivity loss variables for each
wave were used for estimating the trajectories. In addition, the baseline covariates were included in the model
and adjusted for differences in these factors across
trajectory groups.
Finding the best-fitting trajectory model is an iterative
process. A series of trajectory models were estimated,
testing for different numbers and sizes of the individual
trajectories (eg, linear, quadratic, cubic, quartic). Bayesian information criterion (BIC) was used to determine
the best-fitting model. The model with the lowest BIC
was selected as the final model. In addition, we examined
the number of respondents belonging to each trajectory
and rejected models containing trajectories with <100
participants. Participants were assigned to the trajectory
to which they had the highest probability of belonging,
based on the maximum likelihood probability rule (32,
33). A new variable was created which categorized participants into the trajectory groups.
In the second stage of analysis, we examined differences in the trajectory characteristics across the
productivity loss trajectory groups, using the grouping
variable that was created based on the trajectory model.
Analyses of variance (ANOVA) were used for the number of weeks worked and the number of hours worked
per week in the outcome wave. ANOVA was also used to
test for differences in general mental and physical health
in the age-40-years module and mastery, self-esteem,
education, and SEI. Chi-square tests (χ2) were used to
test for differences in the proportion of respondents who
were employed in the outcome wave. All analyses were
conducted using STATA 13.1.

Results
Trajectory model for productivity loss
A five-group trajectory model for productivity loss was
selected based on BIC values (figure 1). A good model
fit is indicated by a posterior probability of 0.80 per
trajectory group among those assigned to a given group
(34). The mean probability was 0.80, 0.82, 0.94, 0.85,
and 0.93 for those assigned to groups 1–5, respectively.
All trajectories followed a quadratic shape. Trajectory
1 (ie, the low-risk group), accounting for 11.5% of the
sample, was characterized by a relatively low and stable
probability of productivity loss over time, although there
was a slight increase up to around age 32, followed by
a slight decrease thereafter. Trajectory 2 (ie, the lateonset increasing-risk group), accounting for 5.5% of
the sample, was characterized by an initially low probability of productivity loss, with increasing probability
beginning after age 35. Trajectory 3 (ie, the no-risk
group), accounting for the largest part of the sample at
75.3%, was characterized by a stable zero probability
of productivity loss over time. Trajectory 4 (ie, earlyonset increasing-risk group), accounting for 3.7% of the
sample, was characterized by an initially low probability
of productivity loss followed by a quickly increasing
probability beginning around age 30 years. Trajectory
5 (ie, the high-risk group), accounted for only 4.0% of
the sample and was characterized by a relatively high
probability of productivity loss over time, with a slight
increase in the probability from 25 to 30 and relatively
stable thereafter.
Baseline covariates
Our trajectory model was adjusted for gender and race/
ethnicity. Table 2 presents the proportion of each trajectory that was female and white/non-Hispanic. The
low-risk group had the highest percentage of women
(70.6%), while the no-risk group had the lowest percentage (43.4%). The no-risk group had the highest percentage of white/non-Hispanics (55.5%) in contrast to the
high-risk group which had the lowest (46.0%). The
early-/late-onset increasing-risk groups had similar percentages of women (46.5% and 47.3%, respectively) and
white/non-Hispanic (48.4% and 49.2%, respectively).
Differences in the productivity loss trajectories
After identifying the productivity loss trajectories, differences in these groups were explored (see table 3).
Regarding the percentage of years with productivity
loss among the five trajectories, the high-risk group,
exhibited the highest percentage (80.1%), followed
by the early-onset increasing-risk group (47.6%). The
Scand J Work Environ Health 2014, vol 40, no 4

383

Longitudinal trajectories of productivity loss

Figure 1. Trajectories of the
probability of productivity loss
across ages 25–44 years. The
percentages listed for each of the
four trajectory groups represent
the percentage of the trajectory
sample (N=5699) who are in each
of the five groups.

Table 2. Baseline covariates by trajectory group.
Trajectory group
Low risk (N=653)
Late onset increasing risk (N=317)
No risk (N=4290)
Early onset increasing risk (N=213)
High risk (N=226)
a
b

Female a
%
70.6
47.3
43.4
46.4
66.8

White / Non-Hispanic b
%
46.7
49.2
55.5
48.4
46.0

χ2(4)=201.82, P<0.001.
χ2(4)=29.04, P<0.001.

late-onset increasing-risk and the low-risk groups had
relatively low percentages of years with productivity
loss at 27.3% and 17.7%, respectively. The no-risk
group had the lowest percentage of years with productivity loss (<1%).
For the number of weeks worked in the year before
the final survey, the no-risk group worked a high of 47.6
weeks, compared to 43.9 weeks for the low-risk group,
22.2 weeks for the late-onset increasing-risk group, 21.8
weeks for the high-risk group, and 24.0 weeks for the
early-onset increasing-risk group. The high-risk group
not only worked fewer weeks, it also worked fewer
hours per week (37.5 hours) than the other groups. The
no-risk group worked the most hours per week at 43.6
hours. Regarding general employment status in the last
survey year, almost the entire no-risk group (95.2%) in
the outcome wave was employed for ≥10 weeks during
the previous calendar year compared to only 46.6% of the
high-risk group, 50.5% of the early-onset increasing-risk
group, and 48.5% of the late-onset increasing-risk group.
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For both physical and mental health, the best outcomes were observed in the no-risk followed by the
low-risk group; the worst outcomes were observed
for the early-/late-onset increasing-risk groups and the
high-risk group. For mastery and self-esteem, the no-risk
group consistently had the highest levels, the low-risk
and late-onset increasing-risk groups had similar levels
in the middle, while the early-onset increasing-risk and
the high-risk groups consistently had the lowest levels.
For self-esteem, however, the high-risk group was
significantly lower than the early-onset increasing-risk
group. Both education and SEI were the highest for the
no-risk group, followed by the low-risk group, whereas
the remaining three groups were all lower on average.

Discussion
In the current study, we examined trajectories of productivity loss over a 20-year period using a secondary
analysis of the NLSY79. The first goal of this study was
to evaluate longitudinal data on self-reported productivity loss to determine whether distinct temporal patterns
exist. To our knowledge, this study is the first to use a
person-centered analytic technique, specifically latent
class growth analysis, to investigate productivity loss
longitudinally. Consequently, we were able to gain a
more in depth understanding of the many developmental paths of productivity loss across the prime working
years (ages 25–44) and explore differences among these
trajectories.

Besen & Pransky

Table 3. Differences in the productivity loss trajectories. [SD=standard deviation; SEI=socioeconomic index.]
Low-risk group
(N=653)
Mean

SD

%

Late-onset
increasing-risk group
(N=317)
Mean

SD

Years with
productivity
loss (%)

17.74 10.18

27.31

10.62

Weeks
worked (N)

43.89 16.04

22.18

24.21

%

No-risk group
(N=4290)
Mean
0.78

SD

%

Early-onset
increasing-risk group
(N=213)
Mean

SD

%

High-risk group
(N=226)
Mean

SD

13.12

2.27

12.38

2.27

47.61

12.38

80.13

14.52

12 842.57

47.57 12.26

23.95

24.73

21.83

24.12

425.98

SEI d

32.17 11.67

29.43

10.86

13.66

Pairwise
comparison b

%

2.57

Hours
42.53 12.71
42.42 16.38
43.64 12.66
41.23 13.10
37.49 17.84
worked per
week (N)
Employed c
90.63
48.46
95.24
50.52
46.63
Mental
5276.53 840.69
4892.32 1173.56
5407.76 697.99
4758.89 1201.42
4700.95 1231.07
health
(SF-12)
Physical
5250.87 653.34
4241.26 1215.03
5409.01 479.02
3962.51 1275.52
4025.88 1163.93
health
(SF-12)
Mastery
21.83 3.26
21.52
3.10
22.48 3.10
20.62
3.62
20.35
3.69
(Pearlin
Mastery
Scale)
Self-esteem
23.00 3.21
22.34
3.24
23.52 3.15
22.09
3.45
20.91
3.55
(Rosenberg’s
Self-Esteem
Scale)
Years of education (N)

F-test a

7.13

3<1, 2, 4, 5;
1<2, 4, 5;
2<4, 5;
4<5
3>1, 4, 2, 5;
1>4, 2, 5;
4>5;
5<3, 1, 2

94.89

3>1, 2, 4, 5;
1>2, 4, 5

659.93

3>1, 2, 5, 4;
1>2, 5, 4;
2>5, 4
3>1, 2, 4, 5;
1>4, 5;
2>4, 5

45.54

52.22

3>1, 2, 4, 5;
1>2, 4, 5;
2>5;
4>5

2.48

12.48

2.17

12.41

2.69

43.21

3>1, 4, 5, 2;
1>4, 5, 2

36.35 13.68

29.41

9.56

29.84

11.94

54.51

3>1, 5, 2, 4;
1>2, 4

P<0.001.
Bonferroni comparisons.
c Employed ≥10 weeks in the previous calendar year. χ2= 1312.16.
d Average SEI across all waves. For data from interviews between 1982–2000, SEI was coded using Stevens & Cho’s (25) method for converting 1980
census occupational codes to SEI (26). For data from interviews between 2002–2008, the crosswalk provided by Frederick & Hauser (27) was used for
converting 2000 census occupational codes to SEI (28).
a

b

We identified five unique trajectories of productivity
loss among participants. For the large majority of participants (three-quarters of the sample), the probability
of productivity loss over time was approximately zero.
An additional one-tenth of the sample had a relatively
low probability of productivity loss over time, although
it was notably higher than in the no-risk group. The
remaining participants (approximately 15% of the sample), were split across three groups. About 4% of the
sample experienced a sharp increase in their probability
of productivity loss early, around age 30, whereas 6% of
the sample did not experience the sharp increase until
closer to age 40. The final group represented approximately 4% of the sample and had a relatively high probability of productivity loss over time with a slight initial
increase from age 25 to 30 years.
Although no previous research has examined multiple
trajectories of productivity loss, one study examined
trajectories of work ability over a 10-year period and
found that, for the majority of the sample, work abil-

ity remained excellent (18). A smaller portion of their
sample had declining and consistently poor work ability,
as did the high probability of productivity loss groups in
our study. In another study examining sickness absence
over a 7-year period, the authors also found the majority
of the sample to be in the low-risk group, with a smaller
portion being in a high-risk group, with a similar trend as
observed here (35). Our findings regarding the relatively
small percentage of participants who were in groups experiencing a high or increasing probability of productivity
loss are in line with previous research, which showed that,
by age 45, approximately 15% of adults had experienced
a work disability for ≥4 years, while only 10% had experienced a work disability for 4 consecutive years (36).
A second goal of the present study was to examine
differences among the trajectory groups in relation to
personal and demographic characteristics, as well as
differences in employment outcomes in midlife. When
looking at the percentage of years from age 25–45 in
which participants experienced productivity loss, the
Scand J Work Environ Health 2014, vol 40, no 4
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high-risk group had, by far, the highest rate in 80% of
the years. This was almost double the percentage for the
next highest, the early-onset increasing-risk group, who
experienced productivity loss in an average of half of the
years. The late-onset increasing-risk group experienced
productivity loss in approximately a quarter of the years
and the low-risk group only experienced productivity loss
in <20% of the years. Not surprisingly, the no-risk group
experienced productivity loss in less than 1% of the years.
For the personal and demographic characteristics,
we found similar distributions by gender and race/
ethnicity within the trajectories, but the low- and highrisk groups had a greater percentage of females, and the
no-risk group had a greater percentage of white/nonHispanic respondents than any of the other trajectory
groups. Not surprisingly, the no-risk group presented
the highest levels of education, mastery, and self-esteem,
along with the highest average SEI. The low-risk trajectory, in which respondents had relatively few waves
with productivity loss, had higher average levels of all
the characteristics explored than any other trajectory
group and was most similar to the no-risk group. The
other three trajectories (the high-risk group, early-onset
increasing-risk, and late-onset increasing-risk groups)
were fairly similar with regards to mastery, self-esteem,
education, and SEI with a few exceptions. The late-onset
increasing-risk group had higher mastery than both the
high-risk and early-onset increasing-risk groups and
the high-risk group had lower self-esteem than all other
trajectory groups. Our results are in line with previous
research suggesting that productivity loss and work disability are lower among those with higher education (11,
14), greater personal/psychological resources (37–39),
and higher SEI (40).
For the outcomes in midlife, we found that the highrisk, early-onset increasing-risk, and late-onset increasing-risk trajectories had the lowest number of weeks
worked, compared to the no- and low-risk trajectories.
In fact, the no- and low-risk trajectories worked approximately double the number of weeks as the other three
trajectories. In addition, the high-risk group worked
the fewest hours per week relative to the other groups.
Similarly, a large majority of both the no- and low-risk
trajectories were employed ≥10 weeks during the previous calendar year at the outcome wave, compared to
only about half of the high-risk, early-onset increasingrisk, and late-onset increasing-risk trajectories. In line
with previous research showing a relationship between
work disability and health (12, 41, 42), the no- and lowrisk group had the highest levels of mental and physical
health at age 40, whereas the high-risk and early-onset
increasing-risk groups had the lowest. Additionally, for
physical health, the late-onset increasing-risk group
reported better physical health than both the high-risk
and early-onset increasing-risk group.
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Implications
The findings of our study have several implications for
identifying individuals at risk for work disability over
time. Our results suggest that workers experiencing just
one or two periods of productivity loss before the age
of 45 might not be indicative of an early withdrawal
from the labor force. However, workers who experience
recurrent productivity loss early on in their careers may
be at risk of being unable to work up to the age of 50
and beyond, and these workers may be an important
group on which to focus in order to prevent permanent
employment withdrawal.
We found quite a few factors that differed across the
trajectory groups that may help to explain some of the
productivity loss patterns and the risk factors for recurrent productivity loss. Based on our findings, those in
the trajectories associated with the lowest employment
participation at the outcome wave had lower education,
socioeconomic status, and levels of personal resources
compared to the groups with the highest employment
participation. It is likely that workers with lower education and socioeconomic status find themselves in more
physically demanding jobs where work is more likely
to be limited by health conditions (43). In these types
of jobs, accommodations to facilitate continued work
participation may be important for workers experiencing productivity loss early in their careers. For personal
resources, these findings may reflect that individuals
with higher levels of self-esteem and mastery have better
health and so they are less likely to experience productivity loss. However, an alternative is that individuals
with higher levels of mastery self-select into work that
fits well with their personal needs and abilities, and
so individuals with health conditions that may cause
productivity loss in certain lines of work may choose
other careers to avoid experiencing productivity loss.
Also, when faced with some type of productivity loss,
these individuals may be better able to deal with their
health limitations without needing to withdraw from
the labor force.
Another implication of our findings deals with the
timing of experiencing productivity loss. Our trajectory
model revealed consistently low- and no-risk groups as
well as a consistently high-risk group, but we also found
two increasing-risk groups. The early-onset increasingrisk group began experiencing an increase in the probability of productivity loss by age 30, whereas the
late-onset increasing-risk group did not experience an
increase until closer to age 40 years. At the outcome
wave, the late-onset group had greater physical health
than the early-onset group. Although we do not have
information on the specific health conditions causing
the productivity loss at each wave, our findings suggest
that general health may be worse in midlife for those
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who experience a condition or conditions leading to
productivity loss earlier in adulthood compared to those
who experience the condition(s) later in adulthood. It
is important for future research to address whether the
health conditions in these two trajectories are, in fact,
different and what implications this may have for a person’s ability to deal with the health conditions.
Strengths and limitations
There are several strengths in the current study which
include the use of longitudinal data, with multiple observations over a 20-year period in a large, national US
sample with high retention rates. To our knowledge, this
publically available data has not been used previously to
examine general work disability and productivity loss.
Our study is also unique in its focus on categorizing
multiple trajectories of productivity loss. While there
has been previous longitudinal work on productivity
loss, a group-based modeling approach is not seen in the
literature. This innovative method allows the identification of trajectories that characterize smaller portions of
the total sample but that represent significant developmental patterns.
Despite these strengths, there are a few important
limitations to acknowledge. As with any secondary analysis, there were challenges associated with using data
that have already been collected. First, the survey in the
NLSY79 did not ask questions about what specific conditions were causing the productivity loss. As a result, it is
not possible to identify whether the same condition was
responsible for the productivity loss in multiple waves for
an individual or if certain conditions were more prevalent
across one trajectory compared to another.
Second, the questions for the different types of productivity loss were asked about current work limitation.
It is possible that people may have been limited in work
for 30 weeks in the year but were fine at the time of the
interview and so in that respective wave, they would
not be considered to have productivity loss. Similarly,
people may have just been limited in the week in question but were fine for the rest of the year; however, they
would still have been considered to have productivity loss. To see whether these questions seemed to be
predictive of actual productivity loss, we examined the
total number of weeks worked in a given year to see if it
differed based on whether participants reported productivity loss in that year. As expected, we found that the
participants reporting productivity loss in a given wave
reported working less than half the number of weeks
in the previous calendar year for the respective wave
compared to those reporting no productivity loss. Thus,
the items used in our study do seem to be a reasonable
surrogate for productivity loss for the previous calendar
year for a given wave.

Third, there is no way to disentangle the two constructs of expected productivity loss from actual productivity loss. If participants reported that they were not
working in the week prior to the interview, they were
asked if health would keep them from working, which
relates more to expected productivity loss. In contrast, if
participants were working or reported that health would
not fully keep them working, they were asked whether
they are or would be limited in their work by health,
which combined actual productivity loss with expected
productivity. This is one of the limitations of the data.
Fourth, we do not have information on the frequency
or severity of productivity loss within years. This is a limitation of using data that has already been collected. In our
study, people were considered to have productivity loss
if they reported that, in the week prior to the interview,
health would prevent them from working or that health
was or would limit the amount or kind of work they could
do. It is possible that some people reporting productivity
loss had a minor limitation to their work while others
had very significant productivity loss which prevented
any type of work. The experiences of individuals may
vary greatly based on the severity or the frequency of
productivity loss. Despite this limitation, having access
to 20 years of longitudinal data is rare and so we feel that
the analyses are still informative. Future research can aim
to examine variations among the trajectories identified in
this study based on both the frequency and severity of
productivity loss throughout adulthood.
Finally, as we were examining employment status
at age 45, we were interested in including information
about participants who receive disability insurance,
social security, or workers’ compensation. However, in
the NLSY79, information on receiving these benefits
was asked in reference to the participant and/or the
participant’s spouse. For this reason, we were unable
to disentangle who was actually receiving the benefit.
Future research may try to address whether patterns of
productivity loss over time are associated with receiving
disability benefits prior to retirement age.
Concluding remarks
Productivity loss represents a serious concern for
employers and employees. As the prevalence of chronic
health conditions continues to rise in our population,
understanding the patterns of health-related productivity
loss across one’s working life is a topic of interest. The
current study identified five unique trajectories of productivity loss. The no- and low-risk trajectories showed
a low probability of productivity loss over time and did
not have a high prevalence of early work withdrawal in
midlife. The high-risk and early-/late-onset increasingrisk trajectories showed initially high or increasing probabilities of productivity loss and were related to being
Scand J Work Environ Health 2014, vol 40, no 4
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out of work in midlife. In addition, these three trajectories showed lower levels of personal resources than the
no- and low-risk trajectories, suggesting they may be in
need of intervention to prevent early-work withdrawal.

Acknowledgments
The authors appreciate the comments of Dr Hellen
Marucci-Wellman, Dr William S Shaw, and Ms Mary
Jane Woiszwillo.
Both authors approved the final version of the manuscript and, to the best of their knowledge, declare no
potential conflicts of interests.

References
1.

Davis K, Collins S, Doty M, Ho A, Holmgren A. Health and
productivity among us workers. New York: Commonwealth
Fund 2005. Report No.: 856.

2.

Toossi M. Labor force projections to 2020: A more slowly
growing workforce. Mon Labor Rev. 2012;135(1):43–64.

3.

Dall TM, Gallo PD, Chakrabarti R, West T, Semilla AP,
Storm MV. An aging population and growing disease burden
will require a large and specialized health care workforce
by 2025. Health Affair. 2013;32(11):2013–20. http://dx.doi.
org/10.1377/hlthaff.2013.0714.

4.

DeVol R, Bedroussian A, Charuworn A, Chatterjee A, Kim I,
Kim S, et al. An unhealthy america: The economic burden of
chronic disease. Santa Monica, CA: Milken Institute; 2007.

5.

Ilmarinen JE. Aging workers. Occup Environ Med.
2001;58(8):546–52. http://dx.doi.org/10.1136/oem.58.8.546.

6.

Burton W, Morrison A, Maclean R, Ruderman E. Systematic
review of studies of productivity loss due to rheumatoid
arthritis. Occup Med. 2006;56(1):18–27. http://dx.doi.
org/10.1093/occmed/kqi171.

7.

Koopmanschap M, Burdorf A, Lotters F. Work absenteeism
and productivity loss at work. In: Loisel P, Anema JR, editors.
Handbook of Work Disability: Springer New York; 2013. p.
31–41. http://dx.doi.org/10.1007/978-1-4614-6214-9_3.

8.

9.

Lerner D, Adler DA, Chang H, Lapitsky L, Hood MY,
Perissinotto C, et al. Unemployment, job retention, and
productivity loss among employees with depression. Psychiat
Serv. 2004;55(12):1371–8. http://dx.doi.org/10.1176/appi.
ps.55.12.1371.
Alavinia SM, Molenaar D, Burdorf A. Productivity loss in
the workforce: Associations with health, work demands, and
individual characteristics. Am J Ind Med. 2009;52(1):49–56.
http://dx.doi.org/10.1002/ajim.20648.

10. Kessler RC, Greenberg PE, Mickelson KD, Meneades
LM, Wang PS. The effects of chronic medical conditions
on work loss and work cutback. J Occup Environ Med.
2001;43(3):218–25. http://dx.doi.org/10.1097/00043764-

388

Scand J Work Environ Health 2014, vol 40, no 4

200103000-00009.
11. Puolakka K, Kautiainen H, Möttönen T, Hannonen P,
Hakala M, Korpela M, et al. Predictors of productivity loss
in early rheumatoid arthritis: A 5 year follow up study. Ann
Rheum Dis. 2005;64(1):130–3. http://dx.doi.org/10.1136/
ard.2003.019034.
12. van den Heuvel S, Geuskens G, Hooftman W, Koppes LJ,
Bossche SJ. Productivity loss at work: Health-related and
work-related factors. J Occup Rehabil. 2010;20(3):331–9.
http://dx.doi.org/10.1007/s10926-009-9219-7.
13. Pelletier B, Boles M, Lynch W. Change in health risks
and work productivity over time. J Occup Environ
Med. 2004;46(7):746–54. http://dx.doi.org/10.1097/01.
jom.0000131920.74668.e1.
14. Stewart WF, Ricci JA, Chee E, Morganstein D, Lipton R. Lost
productive time and cost due to common pain conditions in the
US workforce. JAMA. 2003;290(18):2443–54. http://dx.doi.
org/10.1001/jama.290.18.2443.
15. Goetzel RZ, Long SR, Ozminkowski RJ, Hawkins K, Wang
S, Lynch W. Health, absence, disability, and presenteeism
cost estimates of certain physical and mental health
conditions affecting U.S. employers. J Occup Environ
Med. 2004;46(4):398–412. http://dx.doi.org/10.1097/01.
jom.0000121151.40413.bd´.
16. Crystal-Peters J, Crown WH, Goetzel RZ, Schutt DC. The cost
of productivity losses associated with allergic rhinitis. Am J
Manag Care. 2000;6(3):373–8.
17. Stewart WF, Ricci JA, Chee E, Hahn SR, Morganstein D.
Cost of lost productive work time among US workers with
depression. JAMA. 2003;289(23):3135–44. http://dx.doi.
org/10.1001/jama.289.23.3135.
18. Feldt T, Hyvönen K, Mäkikangas A, Kinnunen U, Kokko K.
Development trajectories of Finnish managers’ work ability
over a 10-year follow-up period. Scand J Work Environ Health.
2009;35(1):37–47. http://dx.doi.org/10.5271/sjweh.1301.
19. Gignac MAM, Cao X, Lacaille D, Anis AH, Badley EM.
Arthritis-related work transitions: A prospective analysis of
reported productivity losses, work changes, and leaving the
labor force. Arthritis Rheum. 2008;59(12):1805–13. http://
dx.doi.org/10.1002/art.24085.
20. von Bonsdorff ME, Kokko K, Seitsamo J, von Bonsdorff MB,
Nygård C, Ilmarinen J, et al. Work strain in midlife and 28year work ability trajectories. Scand J Work Environ Health.
2011;37(6):455–63. http://dx.doi.org/10.5271/sjweh.3177.
21. Wheeler PM, Kearney JR, Harrison CA. The US study of work
incapacity and reintegration. Soc Secur Bull. 2001;64(1):32–
44.
22. Bureau of Labor Statistics. The NLSY79: NLS handbook.
Washington, DC: United States Department of Labor; 2005.
23. Pearlin LI, Menaghan EG, Lieberman MA, Mullan JT. The
stress process. J Health Soc Behav. 1981;22(4):337–56. http://
dx.doi.org/10.2307/2136676.
24. Rosenberg M. Society and the adolescent self-image revised
ed: Wesleyan University Press; 1989.
25. Stevens G, Cho JH. Socioeconomic indexes and the new

Besen & Pransky

1980 census occupational classification scheme. Soc Sci
Res. 1985;14(2):142–68. http://dx.doi.org/10.1016/0049089X(85)90008-0.

36. Rank MR, Hirschl TA. The risk of developing a work disability
across the adulthood years. Disabi Health J. 2014; 7(2):189–
95. http://dx.doi.org/10.1016/j.dhjo.2013.12.001.

26. United States Bureau of the Census. 1980 census of population:
Alphabetical index of industries and occupations. Washington,
D.C.: Government Printing Office; 1981.

37. Karlsson N, Skargren E, Kristenson M. Emotional support
predicts more sickness absence and poorer self assessed work
ability: A two-year prospective cohort study. BMC Public
Health. 2010;10(1):648–59. http://dx.doi.org/10.1186/14712458-10-648.

27. Frederick C, Hauser RM. A crosswalk for using pre-2000
occupational status and prestige codes with post-2000
occupation codes. Madison, WI: Center for Demography
and Ecology, University of Wisconsin-Madison; 2010. CDE
Working Paper No. 2010-03.
28. Scopp TS. The relationship between the 1990 census and
census 2000 industry and occupation classification systems.
Washington, D.C.: US Census Bureau; 2003.
29. Ware JE, Kosinski M, Keller S. Sf-12: How to score the sf-12
physical and mental health summary scales. 2nd ed. Boston,
MA: The Health Institute, New England Medical Center; 1995.
30. Jones BL, Nagin DS. A note on a stata plugin for estimating groupbased trajectory models. Sociol Method Res. 2013;42(4):608–
13. http://dx.doi.org/10.1177/0049124113503141.
31. Jung T, Wickrama K. An introduction to latent class growth
analysis and growth mixture modeling. Social and Personality
Psychology Compass. 2008;2(1):302–17. http://dx.doi.
org/10.1111/j.1751-9004.2007.00054.x.
32. Jones BL, Nagin DS. Advances in group-based trajectory
modeling and an sas procedure for estimating them.
Sociol Method Res. 2007;35(4):542–71. http://dx.doi.
org/10.1177/0049124106292364.
33. Jones BL, Nagin DS, Roeder K. A sas procedure based on
mixture models for estimating developmental trajectories.
Sociol Method Res. 2001;29(3):374–93. http://dx.doi.org/10.
1177/0049124101029003005.
34. Nagin D. Group-based modeling of development: City of
publication: Harvard University Press; 2009.
35. Haukka E, Kaila-Kangas L, Ojajärvi A, Miranda H, Karppinen
J, Viikari-Juntura E, et al. Pain in multiple sites and sickness
absence trajectories: A prospective study among Finns.
Pain. 2013;154(2):306–12. http://dx.doi.org/10.1016/j.
pain.2012.11.003.

38. Busch H, Göransson S, Melin B. Self-efficacy beliefs predict
sustained long-term sick absenteeism in individuals with
chronic musculoskeletal pain. Pain Pract. 2007;7(3):234–40.
http://dx.doi.org/10.1111/j.1533-2500.2007.00134.x.
39. Kivimäki M, Vahtera J, Thompson L, Griffiths A, Cox T, Pentti
J. Psychosocial factors predicting employee sickness absence
during economic decline. J Appl Psychol. 1997;82(6):858–72.
http://dx.doi.org/10.1037/0021-9010.82.6.858.
40. Holland P, Burström B, Möller I, Whitehead M. Gender and
socio-economic variations in employment among patients with
a diagnosed musculoskeletal disorder: A longitudinal record
linkage study in Sweden. Rheumatology. 2006;45(8):1016–22.
http://dx.doi.org/10.1093/rheumatology/kel044.
41. Meerding WJ, Ijzelenberg W, Koopmanschap MA, Severens
JL, Burdorf A. Health problems lead to considerable
productivity loss at work among workers with high physical
load jobs. J Clin Epidemiol. 2005;58(5):517–23. http://dx.doi.
org/10.1016/j.jclinepi.2004.06.016.
42. Schultz A, Edington D. Employee health and presenteeism:
A systematic review. J Occup Rehabil. 2007;17(3):547–79.
http://dx.doi.org/10.1007/s10926-007-9096-x.
43. Mehlum IS, Kristensen P, Kjuus H, Wergeland E. Are
occupational factors important determinants of socioeconomic
inequalities in musculoskeletal pain? Scand J Work Environ
Health. 2008:34(4):250–9. http://dx.doi.org/10.5271/
sjweh.1269.

Received for publication: 29 January 2014

Scand J Work Environ Health 2014, vol 40, no 4

389

