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Impact of Vitamin D Deficiency on the Productivity of a Health
Care Workforce

Gregory A. Plotnikoff, MD, MTS, Michael D. Finch, PhD, and Jeffery A. Dusek, PhD

Objective: To define the relationship between vitamin D status and employee
presenteeism in a large sample of health care employees. Methods: Prospec-
tive observation study of 10,646 employees of a Midwestern-integrated health
care system who completed an on-line health risk appraisal questionnaire and
were measured for 25-hydroxyvitamin D. Results: Measured differences in
productivity due to presenteeism were 0.66, 0.91, and 0.75 when comparing
employees above and below vitamin D levels of 20 ng/mL, 30 ng/mL, and
40 ng/mL, respectively. These productivity differences translate into poten-
tial productivity savings of 0.191%, 0.553%, and 0.625%, respectively, of
total payroll costs. Conclusions: Low vitamin D status is associated with
reduced employee work productivity. Employee vitamin D assessment and
replenishment may represent a low-cost, high-return program to mitigate risk
factors and health conditions that drive total employer health care costs.

E mployee health status significantly impacts workplace productiv-
ity and overall business performance.1 Increasingly, employers

are concerned not only with direct health care costs but also with in-
direct costs due to employee presenteeism, the state when employees
are physically present at work but demonstrate reduced productiv-
ity and/or performance due to illness.2 Presenteeism is financially
significant: the cost to employers for presenteeism can exceed even
the costs of pharmacy and medical utilization, illness-related absen-
teeism, or disability.3 Presenteeism, not absenteeism or disability,
accounts for the majority of lost productive time due to both pain
conditions4 and depression.5 Surprisingly, for 18 common health
conditions, presenteeism alone contributes 14% to 73% to total em-
ployer health care costs.3 Presenteeism may cost US employers more
than $150 billion per year.6

Presenteeism costs are not addressable by employer shifts to
higher insurance co-pays and deductibles for both pharmacy and
medical costs. The greatest opportunities to reduce presenteeism
costs may come from employee health promotion programs such as
health risk appraisals (HRAs), disease management programs, and
behavior modification programs.7 From these platforms, targeted in-
vestment in reduction of a fundamental risk factor among employees
may deliver a powerful return through productivity gains.

Vitamin D deficiency may represent one such fundamental
risk factor. Vitamin D deficiency is associated with the numer-
ous conditions that can result in presenteeism,8 including chronic
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Learning Objectives
� Discuss the reasoning behind the suggestion that vitamin D

deficiency may be a “fundamental risk factor” for reduced
work productivity.

� Summarize the newly reported associations between
vitamin D status and productivity, including the potential
productivity savings for employees at different vitamin D
levels.

� Review the study implications for employee health risk
assessments and efforts to address risk factors for presen-
teeism and high health costs.

nonspecific musculoskeletal pain,9,10 low back pain,11–13 allergic
rhinitis,14 arthritis,15–18 asthma,19–21 cancer,22–26 depression,27–30

diabetes,31,32 gestational diabetes,33 heart disease,34,35 hyper-
tension,36,37 migraine/headache,38 and respiratory disorders.39–42 Ad-
ditional associations related to impaired productivity may include
impaired cognition,43,44 falls,45 and bone fractures.46 For many of
these conditions, there is an inverse relationship between vitamin D
status and either disease activity or functional capacity.

Given these relationships, we hypothesized that vitamin D
status may be associated with employee presenteeism. To test this
hypothesis, we measured both vitamin D status and workplace pro-
ductivity (presenteeism) across a large health care system as one part
of an annual employee HRA.

METHODS

Participants
As part of an annual Employee Wellness campaign, 20,692

benefits-eligible employees of the Allina Health Care system in Min-
nesota and western Wisconsin were invited to complete an on-line
HRA. Data were collected between January 1 and February 15,
2010. Respondents received $50 in compensation. Employees who
completed the supplemental HRA and provided a blood sample to
measure their vitamin D level between February 1 and April 1, 2010,
were given a $25 gift card.The Allina Hospital and Clinics institu-
tional review board reviewed and approved this protocol prior to any
study procedures taking place.

Measures
As part of the HRA, respondents were asked their age, sex,

height, weight, race, job classification, vitamin and dietary sup-
plement intake, marital status, and medical history. The HRA also
included the validated Workplace Productivity and Activity Impair-
ment (WPAI) Questionnaire47 that measures work limitations expe-
rienced in the prior 7 days as a result of physical or emotional health
problems. The WPAI was created and has been used to measure the
amount of presenteeism attributable to general health.47

All vitamin D measurements were performed at the Allina
central laboratory using the LIAISON 25-OH Vitamin D Assay
(DiaSorin, Inc, Stillwater, MN), a direct competitive chemilumines-
cence immunoassay for quantitative determination of total 25-OH
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vitamin D in serum. The coefficient of variability for vitamin D was
12.5% at a level of 15.0 ng/mL and 9.8% at a level of 50.0 ng/mL.

Analysis Procedures
The method for estimating presenteeism from the WPAI has

been described previously.48 In brief, participants were asked, How
much do health problems affect productivity while working? On a
scale of 0 to 10, participants were instructed to choose a low number
if health problems affected their work only a little. Nevertheless,
if they determined that their health problems affected their work a
great deal, then they were to choose a large number. The participants’
presenteeism score is derived when this answer is multiplied by 10
to derive an overall percentage of presenteeism. Each participant’s
score has a possible range from 0% to 100%. Separate Welch’s t
tests48 were employed to assess for differences in mean presenteeism
by levels of 25-OH vitamin D sufficiency suggested in the current
medical literature (>20 ng/mL, >30 ng/mL, and >40 ng/mL).49,50

Welch’s t test was employed because of heteroscedasticity.

RESULTS
Of the 20,692 benefits-eligible employees, 14,835 (71.7%)

responded to the supplemental HRA. A total of 10,646 employees
(51.4%) completed the HRA and provided a blood sample for mea-
surement of 25-OH vitamin D. There were no differences on demo-
graphic variables between the group of employees completing just
the HRA and the group of participants completing both assessments
(Table 1).

The average 25-OH vitamin D level was 28.1 ng/mL (SD
= 13.6). Further examination revealed that 6.0% of participants
(n = 643) had values lower than 10 ng/mL, 28.9% (n = 2943)
were below 20 ng/mL, 60.8% (n = 6198) had values lower than
30 ng/mL, and 83.5% (n = 8512) were lower than 40 ng/mL. A
total of 41.3% of participants reported vitamin D supplementation
including vitamin D obtained from multivitamins. Of that, 17.8%
reported supplementation of more than 1000 IU daily, 6.1% took
more than 2000 IU daily, and 2.1% ingested more than 4000 IU
every day.

The overall mean presenteeism score for employees was 5.11
(SD = 12.27). The spectrum of presenteeism scores is illustrated by
the average presenteeism score for participants with 25-OH vitamin
D levels lower than 20 ng/mL of 5.58 (SD = 12.99) and the mean
score for those employees with a serum level of 40 ng/mL or higher
was 4.48 (SD = 11.24). As shown in Table 2, participants with 25-
OH vitamin D levels of 20 ng/mL or higher had significantly lower
presenteeism than employees with 25-OH vitamin D levels of lower
than 20 ng/mL (P = 0.014). Furthermore, this relationship also was
significant for comparisons at vitamin D states of lower than 30
ng/mL and 30 ng/mL or higher (P = 0.0001) as well as lower than
40 ng/mL and 40 ng/mL or higher (P = 0.022).

We also calculated the percentage of payroll (and the dollar
amount) lost to presenteeism due to differences in presenteeism for
these same groups. These results are shown in the two rightmost
columns of Table 2. To illustrate, for the cutoff value of 20 ng/mL,
2943 employees (28.9%) had 25-OH vitamin D levels of lower than
20 ng/mL, and there was a 0.66 absolute difference in presenteeism
in the lower than 20 ng/mL group (5.58 to 4.92). Multiplying the
absolute difference by the percentage of employees with levels of
lower than 20 ng/mL yields the potential percentage of total payroll
the employer lost because of differences in presenteeism. For the 20
ng/mL example, this yields a value of 0.19% per employee; for an
overall payroll of $1.228 billion for this employer, this difference
translates to a potential cost savings of $2.3 million or roughly $112
per employee per year. Significantly, these potential cost savings
increase at higher 25-OH vitamin D cutoff values: $326 per employee
at a cutoff of 30 ng/mL ($6.8 million) and $370 per employee at
40 ng/mL ($7.7 million). (Fig. 1)

TABLE 1. Sample Characteristics

Completed
HRA Only

Completed HRA
With Vitamin D

Assessment
(n = 14,835) (n = 10,646)

Unknown 0.1 0.5

Some other race 3.1 0.8

Black or African American 4.2 3.3

White 89.4 90.9

Asian or Pacific Islander 1 2.8

American Indian or Alaska Native 0.1 0.5

Chose not to answer 1.7 1.5

Hispanic origin 1.4 1.3

Not of Hispanic origin 89 89.2

Chose not to answer 9.6 9.5

Administrative support 12.5 13.3

Labor or production 2.1 1.9

Professional/management 46.9 45.9

Retired 0 0

Sales 0.1 0.1

Service 7.2 6.9

Skilled craft 2 1.9

Student 0.6 0.4

Technical 13.2 13.9

Other 15.5 15.6

Age, %

18–39 0.1 0

20–29 16.2 14.9

30–39 23.9 22.7

40–49 25.4 25.7

50–59 26.4 28

60–64 6.2 8.3

≥65 1.8 0.4

Mean age (SD) 43.2 (11.7) 44.3 (11.6)

Female, % 84.7 87.9

DISCUSSION
This study of 10,646 health care employees represents the

largest cross-sectional study of employer-based 25-OH vitamin D
status and on-the-job productivity to date. The average presenteeism
score for our health care employees was just more than 5%, which
is comparable to prior reports in which presenteeism ranged from
2% for healthy populations5,51 to 29% for those with allergies52 and
upward of 40% for individuals with pain.4

Importantly, our results suggest that increasing levels of 25-
OH vitamin D are associated with significantly improved on-the-job
productivity, with the best response at serum 25-OH vitamin D levels
greater than 40 ng/mL. This serum level is significantly higher than
the level of 20 ng/mL recommended by the Institute of Medicine
for bone health.49 Nevertheless, values greater than 20 ng/mL are
consistent with other recommendations for optimal outcomes in the
peer-reviewed literature.50

The resulting data are economically significant: increasing
vitamin D status correlates with increasing on-the-job productiv-
ity (reduced presenteeism). For the specific health care employee
population studied, the potential employer savings range from a
low of 0.19% to a high of 0.63% of total payroll costs depend-
ing on the cutoff value of 25-OH vitamin D chosen from 20 ng/mL,
30 ng/mL, or 40 ng/mL (Fig. 2). For this employer, this translates
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TABLE 2. Mean Presenteeism and Potential Cost Savings by Threshold Vitamin D Levels

Vitamin D
(ng/mL) n

Employees Less
Than Cutoff

Value, %

Mean
Presenteeism

Percentage (SD)

Absolute
Difference in

Presenteeism, %

Potential
Payroll
Lost, %

Potential Cost
Savings Per
Employee

Payroll
Equivalent

<20 2943 28.9 5.58 (12.99) 0.66* 0.19 $112 $2.33 million

≥20 7256 4.92 (11.96)

<30 6198 60.8 5.46 (12.93) 0.91** 0.55 $326 $6.78 million

≥30 4001 4.55 (11.15)

<40 8512 83.5 5.23 (12.46) 0.75* 0.63 $370 $7.68 million

≥40 1687 4.48 (11.24)

*P < 0.05; **P < 0.001.

FIGURE 1. Presenteeism by 25-OH vitamin D thresholds.

FIGURE 2. Potential payroll savings at study site by achieving
suggested levels of vitamin D (in millions).

into potential savings in productivity costs ranging from more than
$2.3 million ($112 per employee) to nearly $7.8 million ($370 per
employee). For 25-OH vitamin D levels higher than 30 ng/mL, the
per employee costs are comparably favorable to 2004 presenteeism
cost estimates for the medical conditions with the greatest impact on

presenteeism costs including allergy at $271.04, arthritis at $326.88,
depression/sadness/mental illness at $348.04, diabetes at $256.91,
and migraine/headache at $213.78. These potential savings per em-
ployee are significantly better than the estimated presenteeism costs
for asthma ($99.55), respiratory tract infections ($133.84), and any
cancer ($144.01).8 This study’s findings suggest a significant return
on investment for cost-conscious employers given the relative sim-
plicity of 25-OH vitamin D testing and supplementation.

There are several potential limitations to this study. First, em-
ployee productivity was measured as presenteeism by the WPAI, a
retrospective self-report on the previous week, which may be subject
to recall bias. Nevertheless, the WPAI is a widely accepted and val-
idated instrument for measuring productivity.47 A second limitation
is the use of single assessment at one point in time for both the WPAI
and vitamin D as the measurement of productivity and vitamin D
status throughout the year. With the change of seasons, both health
status, such as with allergies and influenza, and vitamin D status
may change.53 Although there is predictive value in snapshots, this
limitation highlights the need for long-term prospective studies.

A third limitation may be reduced generalizability to institu-
tions whose employees have vastly different demographic profiles
than the current system with employees who are overwhelmingly
white and female. These findings may not generalize to different sex
and minority status, locations, and/or occupations. Generalizability
also may be limited because Minnesota’s health care workforce has
a relatively high risk of vitamin D deficiency, including wearing ul-
traviolet B protective lotions, working long hours indoors, and living
at a northern latitude where sun exposure for half the year is insuffi-
ciently strong to induce vitamin D formation in skin. Nevertheless,
the percentages of participants in this study with levels lower than
10 ng/mL, lower than 30 ng/mL, and higher than 30 ng/mL are con-
sistent with National Health and Nutrition Examination Survey data
from 2000 to 2004 and, as such, concerns with generalizability may
be a nonissue.54

Nearly 30% of the health care workers tested had serum
25-OH vitamin D levels lower than the 20 ng/mL recommended by
the Institute of Medicine.49 This surprisingly low vitamin D status
needs to be better understood. One potential reason may be the test-
ing in late winter when serum levels are expected to be at their lowest
values. We anticipated that health care workers would be more likely
to supplement during winter months in Minnesota (>43◦ north lati-
tude) when solar vitamin D production is not possible. Nevertheless,
only 41.3% of participants reported taking any supplemental vitamin
D at all, including multivitamins. This low rate is surprising for both
the general employee population and the health care professional
population. Between 2007 and the start of this study, the general
public in Minnesota was exposed to significant radio, television,
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and newspaper coverage on vitamin D deficiency as an important
public health concern. Minnesota’s largest newspaper alone, which
reaches 1.6 million metropolitan adults, ran 15 articles about vita-
min D during this time including a large front-page Sunday article55

accompanied by a Web-based video and interactive blog. The results
were also surprisingly low for this population of physicians, nurses,
and pharmacists given the numerous editorials and commentaries in
leading international medical journals since 1998 that have urged
physicians to recognize and address vitamin D deficiency in their
patients.56–63 Specific to Minnesota, since 1996, four public health
commentaries in Minnesota Medicine, the journal of the Minnesota
Medical Association, have addressed vitamin D deficiency.64–67 Sig-
nificantly, if health care workers, including physicians, nurses, and
pharmacists, missed these messages and are vitamin D deficient, then
their patients may also be at higher risk for unrecognized deficiency.

These data suggest that an employee vitamin D assessment
and replenishment campaign may represent a low-cost, high-return
program to mitigate risk factors and health conditions that drive total
employer health care costs. The strongly positive employee response
to this study demonstrates the practical feasibility of including a
vitamin D assessment with an employee HRA and health promotion
campaign. Future research should include a prospective intervention
to assess the effect of vitamin D status change on presenteeism as
well as health care utilization.
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