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Worldwide, health is strongly patterned along
socioeconomic lines.1,2 Those with the lowest
income or with the lowest level of education
are consistently less healthy on numerous
health indicators.1---3 For example, a recent
study using data from theWorld Health Survey
showed significant and substantial pro-rich in-
equality in the prevalence of disability in 43 of
49 countries worldwide.3 The disparities, also
in disability, have not declined, but appear to
have a strongly persistent nature.4---6 Reducing
health disparities is a top priority of health
policy agendas, and there is an urgent need to
develop interventions that effectively reduce
socioeconomic disparities in health.7 This re-
quires that we know which diseases and
determinants contribute most to health dis-
parities, but studies assessing contributions of
specific diseases to disparities in fatal and
nonfatal health outcomes are limited in
number.

With respect to fatal outcomes, several
studies show that various diseases contribute to
socioeconomic disparities in total mortality, but
that a few conditions contribute most.1,8---13 For
example, Huisman et al.8 found that among
European men, cardiovascular diseases
accounted for 39% of the difference between
low and high educational groups in total mor-
tality, cancer accounted for 24%, other dis-
eases accounted for 32%, and external causes
accounted for 5%. Among women, contribu-
tions were 60%, 11%, 30%, and 0%, respec-
tively.8 A relative stagnation of cardiovascular
mortality declines among low socioeconomic
groups has contributed to the persistence and
even widening of disparities in total mortality
over the past few decades.5

With respect to nonfatal health outcomes,
substantial disparities exist in terms of the
occurrence of many chronic diseases and in
generic health outcomes, such as disability.3,14

Only a handful of studies has investigated
which diseases contribute most to the socio-
economic disparity in the burden of disability.

In a study by Sainio et al.,15 diabetes contrib-
uted most to educational disparities in stair
climbing limitations among men, and osteoar-
thritis of the knee and angina pectoris contrib-
uted most among women. In a study by Koster
et al.,16 knee pain contributed most to an excess
hazard for mobility limitations among low
educated persons. In another study, Nusselder
et al.17 found that in the Belgian population,
back complaints and arthritis contributed most
to educational disparities in years lived with
functional mobility limitations among men, and
that arthritis and chronic nonspecific lung
disease contributed most among women.

The latter study clearly showed that sub-
stantial differences exist in the prevalence of
and in the disabling impact of chronic diseases,
and suggested that both contribute to the total
disparity in disability. Because these 2 aspects
may require an entirely different intervention
approach, knowing their relative contribution

to disparities in disability is crucial for policy
development. To our knowledge, no study has
investigated to what extent the total inequality
in the burden of disability is explained by
differences in the prevalence of diseases and by
differences in the disabling impact. Our aim in
this study was to assess contributions of dif-
ferences in the prevalence and the disabling
impact of specific diseases to educational dis-
parities in the prevalence of disability.

METHODS

The study population consisted of partici-
pants from 7 successive years (2001---2007)
of the Dutch Permanent Survey of Living
Conditions, which is a repeated cross-sectional
survey. This large survey aims to provide
continuous information on various aspects of
the living situation in a representative sample
of the Dutch noninstitutionalized population.

Objectives. We assessed the contributions of the prevalence and disabling

impact of specific diseases to educational disparities in the prevalence of

disability.

Methods. We examined a large representative survey of the Dutch

population, the Dutch Permanent Survey of Living Conditions (2001–2007;

n = 24 883; ages 40–97 years). We attributed the prevalence of disability to

chronic diseases by using their empirical associations and assuming in-

dependent competing causes of disability. We estimated contributions of

prevalence and the disabling impact of diseases to disparities in disability

using counterfactuals.

Results. We found that the prevalence of disability in individuals with only an

elementary education was 19 to 20 percentage points higher than that in

individuals with tertiary education. Sixty-five percent of this difference could

be attributed to specific chronic diseases, but more so to their disabling impact

(49%–51%) than to their prevalence (20%–29%). Back pain, neck or arm condi-

tions, and peripheral vascular disease contributed most to the disparity in men,

and arthritis, back pain, and chronic nonspecific lung disease contributed most

to the disparity in women.

Conclusions. Educational disparities in the burden of disability were primarily

caused by high disabling impacts of chronic diseases among low educated

groups. Tackling disparities might require more effective treatment or rehabil-

itation of disability in lower socioeconomic groups. (Am J Public Health. 2014;

104:e141–e148. doi:10.2105/AJPH.2014.301924)
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The individuals approached for the survey
were identified through the population register
of the Netherlands. To account for selective
nonresponse and to ensure representativeness
for the Dutch noninstitutionalized population,
we used weights that were attached to the data.
The Dutch Permanent Survey of Living Con-
ditions data are available at http://www.dans.
knaw.nl.

Information on education was collected
through face-to-face interviews and informa-
tion on disability, and the presence of chronic
diseases through written questionnaires. From
2001 to 2007, 110 766 individuals were
approached; the response rate was 62%. For
our analysis, participants who were 40 years
old and older (n = 32 233) were selected.
Twenty-three percent of these individuals were
not included in the study population because
they lacked information on level of education
(n = 186) or the presence of disability (n =
4761) and diseases (n = 6681). The number
of persons in the study population, and the
number of disabled and diseased individuals
are presented as data available as a supplement
to the online version of this article at http://
www.ajph.org.

Disability and Disease Groups

Participants were asked if they were able to
“follow a conversation in a group of 3 persons,”
“have a conversation with one other person”
(for both questions, using hearing aids if nec-
essary), “read the small letters in the newspa-
per,” “recognize someone at 4 m distance” (for
both questions, using eyeglasses if necessary),
“carry a 5 kg object for 10 m,” “from an
upward position, bend forward and take
something from the ground,” and “walk 400 m
without interruption.”18 Participants could an-
swer “without difficulty,” with minor difficulty,”
“with major difficulty,” and “no, I can’t,” and
were considered disabled if 1 of the latter 2
answers were given at least once.

Using information from the questionnaire,
dummy variables were created indicating the
presence of diabetes mellitus, stroke, heart
disease, peripheral vascular disease, cancer,
chronic nonspecific lung disease, back pain,
arthritis, neck or arm conditions, and other
(data available as a supplement to the online
version of this article at http://www.ajph.org).
Skin cancer was not included because it is not

associated with disability. According to the
questions in the survey, peripheral vascular
disease did not include vascular disease of the
upper extremities. If participants experienced
back pain or neck or arm conditions, but were
currently free of complaints, the condition was
regarded as no longer present. The presence of
some diseases was assessed on the basis of 2
questions in the survey. If an answer on 1
question was missing, and the answer on the
other did not indicate the presence of the
disease, the information on this specific disease
was considered “missing.”

Education was measured according to the
highest completed level and was classified as
elementary (1st to 6th grades), lower second-
ary (7th to 9th grades), upper secondary (10th
to 12th grades or first 3 years of vocational
education) and tertiary (community or junior
colleges, vocational technical institutes, or
university).

Statistical Analysis

We plotted the prevalence of disability for
men and women by age and education. We
derived the prevalence of specific chronic
diseases among groups varying according to
level of education from the empirical data. We
adjusted for potential variation because of
a different age composition by age standardi-
zation to the study populations of men and
women.

The extent to which a specific disease con-
tributes to the educational disparity in disabil-
ity is dependent on educational differences in
the prevalence and in the disabling impact of
the disease. We quantified both aspects in our
analysis. To estimate the disabling impact of
diseases, we used a method that is described in
detail elsewhere.17,19

In this method, empirical associations of
disease and disability according to cross-
sectional data are used to estimate the hazard
of exposure to specific diseases for the occur-
rence of disability in the time preceding the
survey. The hazard from exposure to each
disease is assumed proportional to the distri-
bution of diseases and disability in the cross-
sectional data. Using additive regression, the
hazard for disability is modeled dependent on
specific diseases and on background. The co-
efficients estimated for diseases represent the
disabling impact of the diseases. Background

represents the hazard for disability in absence
of a disease. The individual hazard for disabil-
ity is obtained by summing the estimated
regression coefficients for background and
the diseases present in the individual. The
individual probability for disability is equal to
1 – exp(– total individual hazard).

The regression model was specified as
follows:

ð1Þ y

ˇ

¼ 1� exp �gð Þ y

ˇ

; binomial

g ¼ aae þ
X

d

bAdeXd

bAde ¼ cA:dde

In the model, y

ˇ

is the estimated probability
for disability in an individual, and g is the
linear predictor. The linear predictor is equal to
the sum of the background hazard aaeð Þ and
the hazard of disability bAdeð Þ from the com-
bination of diseases (d ) present in the respon-
dent Xdð Þ. The presence or absence of diseases
was modeled using dummy variables with 0 or
1. Using likelihood ratio tests, it was decided to
model background aaeð Þ and disabling impacts
bAdeð Þ as age- and education-specific. To pre-
vent an excessive number of parameters in the
model, the age- and education-specific dis-
abling impacts of each disease, bAde , were
estimated as the product of an age pattern cA
(3 age groups) equal for each disease and
a disease effect dde , which was allowed to vary
by disease and education, but not by age.20,21A
same age pattern cAð Þ was used for each level
of education, and separate models were fitted
for men and women. Models were fitted using
a quasi-Newton method programmed for the
statistical package R, version 2.7.122 (Founda-
tion for Statistical Computing, Vienna, Austria).

For each disabled person from the study
population, the disability was partitioned to the
diseases present in the individual and to back-
ground.19,23 In this approach, the contribution
of each disease was expressed as a proportion,
and was dependent on the combination of the
diseases present in the individual and on the
hazards estimated. Among groups of similar
ages, gender and level of education, and the
individual proportions of disability attributed
to each disease were summed (total sum) to
estimate the number of persons disabled be-
cause of each disease. The number disabled
because of each disease divided by the number
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of persons in a group of a specific age, gender,
and level of education provided the contribu-
tion of each disease to the prevalence of
disability in that group. The sum of the contri-
butions of diseases and background was equal
to the prevalence of disability in this group. The
contribution of each disease to the educational
disparity in the prevalence of disability was
calculated as the contribution of the disease
among persons with an elementary education
minus the contribution among those with
a tertiary education.

We calculated the contribution of differ-
ences in disease prevalence and disabling
impact to the disparity in the prevalence of
disability using counterfactual scenarios. In
these scenarios, we quantified the contribution
of differences in the prevalence of diseases as
the reduction in the prevalence of disability
using the prevalence of diseases of persons
with a tertiary education for persons with an
elementary education. That is, the disabling
impacts and background estimated among low
educated individuals were applied to a popula-
tion with a distribution of diseases as observed

among high educated individuals. Similarly, we
quantified the contribution of the disabling
impact using the disabling impact of diseases of
persons with a tertiary education for persons
with an elementary education.

The software for additive regression and for
calculation of the prevalence of disability by
cause is available from the authors on request.

RESULTS

There was a clear educational gradient in the
prevalence of disability, with a stepwise in-
crease of disability for each step down the
educational ladder. Compared with those who
had a tertiary education, men and women
with only an elementary education had a
20-percentage-points higher prevalence of dis-
ability (Figure 1).

The prevalence of most diseases was also
patterned according to an educational gradient,
with a higher prevalence for persons with
a lower level of education (Table 1). For men,
the difference in the prevalence between per-
sons with an elementary and tertiary education

was largest for neck or arm conditions (9.2
percentage points), back pain (7.6 percentage
points), and arthritis (7.4 percentage points).
For women, the difference was largest for neck
or arm conditions (6.3 percentage points),
arthritis (6.1 percentage points), and diabetes
(5.8% percentage points).

For most diseases, the disabling impact was
highest among persons with the lowest level of
education, but not for all (Table 2). For exam-
ple, in men, the highest disabling impact of
arthritis was in those with upper secondary
education. In men, the difference in the dis-
abling impact according to level of education
was significant for cancer, back pain, and neck
or arm conditions. In women, the disabling
impact differed significantly for back pain and
arthritis.

Table 3 presents the contributions of dis-
eases to the total prevalence of disability for 2
educational groups. The prevalence of disabil-
ity among men with a tertiary education was
estimated at 8.7%. A relatively large part of this
total prevalence of disability was attributed
to chronic nonspecific lung disease (0.54
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FIGURE 1—Prevalence of disability according to age groups and level of education for (a) men and (b) women: pooled from the Dutch Permanent

Survey of Living Conditions, 2001–2007.
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percentage points) and heart disease (0.4
percentage points). In men with an elementary
education, the prevalence of disability was
27.8%, of which relatively significant parts
were attributed to back pain (3.3 percentage
points) and neck or arm conditions (2.3
percentage points).

In the counterfactual scenario using the
prevalence of diseases among persons with
a tertiary education, the prevalence of disability
in persons with an elementary education was
reduced to 22.2%. In the scenario using the
disabling impact of diseases of persons with
a tertiary education, the prevalence of disability
reduced to 18.0%.

In women with a tertiary education, the
prevalence of disability was estimated at
15.5%. A relatively significant part was

attributed to back pain (1.3 percentage points),
neck or arm conditions (1.2 percentage points),
and arthritis (1.2 percentage points). In women
with an elementary education, the estimated
prevalence of disability was 35.7%, of which
relatively significant parts were attributed to
arthritis (4.9 percentage points) and back pain
(3.8 percentage points). In the counterfactual
scenarios using the prevalence, and respec-
tively, the disabling impact of diseases of
persons with a tertiary education, the estimated
prevalence of disability among women with an
elementary education decreased to 32.6% and
25.6%.

Table 3 also presents the differences be-
tween persons with elementary and tertiary
education in the contributions of diseases to the
total prevalence of disability as observed and

for the 2 counterfactual scenarios. Of the total
disparity of 19.1% points in men, 12.5%
points (65%) were attributed to the diseases
included and 6.6% points (35%) to back-
ground. Diseases that contributed most to the
disparity were back pain (3.0 percentage
points), neck or arm conditions (2.1 percentage
points), and peripheral vascular disease (1.3
percentage points).

In the counterfactual scenario using the
prevalence of diseases of men with a tertiary
education for those with an elementary edu-
cation, the disability disparity was reduced to
13.5 percentage points, which was a reduction
of 29% compared with the noncounterfactual
situation. In the counterfactual scenario using
equal disabling impacts, the disparity was re-
duced to 9.4 percentage points, which was
a reduction of 51%.

In women, the estimated disparity was 20.2
percentage points. Diseases that contributed
most to the disparity were arthritis (3.7 per-
centage points), back pain (2.5 percentage
points), and chronic nonspecific lung disease
(1.2 percentage points). In the counterfactual
scenario using the prevalence of diseases of
women with a tertiary education, the disparity
was reduced by 16.1 percentage points, which
was a reduction of 20%. In the scenario using
the disabling impact of women with a tertiary
education, the disparity was reduced to 10.4
percentage points, which was a reduction of 49
percentage points.

DISCUSSION

The aim of this study was to assess the
contributions of the prevalence and disabling
impact of specific diseases to educational dis-
parities in the burden of disability. An educa-
tional gradient existed in the prevalence of
disability according to level of education, with
a stepwise increase of disability for each step
down the educational ladder. Approximately
two thirds of the disparity could be attributed
to specific chronic diseases. Differences in the
disabling impact of chronic diseases contrib-
uted most to the educational disparity in
disability, whereas differences in their preva-
lence contributed to a smaller extent. Diseases
that contributed most to the disparity in men
were back pain, neck or arm conditions, and
peripheral vascular disease, whereas arthritis,

TABLE 1—Prevalence of Chronic Diseases by Level of Education and Gender: Pooled From

the Dutch Permanent Survey of Living Conditions, 2001–2007

Disease/Condition

Tertiary, %

(95% CI)

Upper

Secondary, %

(95% CI)

Lower

Secondary, %

(95% CI)

Elementary, %

(95% CI)

P (Overall

Difference)

Men

DM 5.1 (4.4, 5.9) 6.6 (5.9, 7.4) 6.5 (5.6, 7.5) 9.0 (7.9, 10.3) < .001

Stroke 2.4 (2.0, 3.0) 3.7 (3.1, 4.3) 4.2 (3.5, 5.1) 4.8 (4.0, 5.7) < .001

Heart disease 7.4 (6.5, 8.4) 6.7 (5.9, 7.6) 9.6 (8.6, 10.7) 11.2 (10.0, 12.5) < .001

PVD 1.8 (1.4, 2.3) 2.7 (2.3, 3.3) 3.7 (3.0, 4.5) 5.5 (4.7, 6.5) < .001

Cancer 4.2 (3.5, 4.9) 4.4 (3.8, 5.1) 4.1 (3.4, 4.8) 3.9 (3.2, 4.7) .78

CNSLD 5.4 (4.7, 6.3) 6.7 (5.9, 7.4) 7.5 (6.5, 8.6) 10.3 (9.1, 11.7) < .001

Back pain 6.5 (5.7, 7.4) 10.2 (9.3, 11.1) 11.0 (9.8, 12.3) 14.1 (12.6, 15.7) < .001

Arthritis 10.4 (9.4, 11.5) 14.3 (13.3, 15.4) 16.8 (15.4, 18.3) 17.8 (16.2, 19.4) < .001

Neck/arm conditions 7.4 (6.5, 8.3) 10.9 (10.0, 11.8) 13.3 (12.0, 14.7) 16.6 (15.0, 18.4) < .001

Other 17.3 (16.0, 18.6) 18.5 (17.4, 19.7) 19.3 (17.8, 20.9) 21.1 (19.3, 23.0) .009

Women

DM 2.3 (1.7, 3.2) 4.4 (3.7, 5.2) 5.4 (4.7, 6.1) 8.1 (7.3, 9.0) < .001

Stroke 1.9 (1.3, 2.6) 2.3 (1.8, 2.9) 2.7 (2.3, 3.3) 3.7 (3.1, 4.3) .001

Heart disease 2.9 (2.2, 3.8) 4.4 (3.7, 5.3) 4.2 (3.6, 4.8) 5.3 (4.6, 6.0) .001

PVD 1.7 (1.2, 2.5) 2.3 (1.8, 3.0) 3.1 (2.6, 3.7) 3.8 (3.2, 4.4) < .001

Cancer 7.5 (6.4, 8.8) 7.0 (6.2, 8.0) 6.4 (5.7, 7.2) 6.7 (5.9, 7.6) .428

CNSLD 7.0 (6.0, 8.2) 7.4 (6.6, 8.4) 7.4 (6.6, 8.2) 10.7 (9.6, 11.9) < .001

Back pain 9.7 (8.5, 11.1) 10.9 (9.9, 12.0) 10.8 (9.9, 11.8) 13.5 (12.4, 14.8) < .001

Arthritis 22.2 (20.4, 24.1) 24.6 (23.1, 26.1) 25.3 (24.0, 26.6) 28.3 (26.7, 29.8) < .001

Neck/arm conditions 14.7 (13.3, 16.3) 19.5 (18.2, 20.9) 18.4 (17.2, 19.6) 21.0 (19.6, 22.5) < .001

Other 29.6 (27.7, 31.5) 32.8 (31.3, 34.4) 31.9 (30.5, 33.4) 37.1 (35.3, 38.9) < .001

Note. CI = confidence interval; CNSLD = chronic nonspecific lung disease; DM = diabetes mellitus; PVD = peripheral vascular
disease. The prevalence of diseases in each education group is calculated as the number of persons who indicated that they
had the disease, divided by the total number of persons in that group. Estimates were weighted and age-standardized to the
study population of men and women. The sample size was n = 24 883.
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back pain, and chronic nonspecific lung disease
contributed most to the disparity in women.

Selection bias might limit the external val-
idity of the results. We minimized possible
selection bias caused by nonresponse (38%) by
using individual weights to adjust for selection
effects by age, gender, marital status, urbani-
zation grade, province, employment, and
health- and smoking status.24

Item nonresponse was 23%, and we evalu-
ated possible associated bias by comparing
self-assessed health and activities of daily living
disability (ages 55 years and older) in the
source and study population. The prevalence
of less than good self-assessed health and
activities of daily living disability was slightly
higher in the source population, suggesting that
the prevalence estimates of disability were

conservative in our study. However, the level
of underestimation did not differ substantially
by level of education, suggesting that selection
bias did not affect our substantive conclusions
to a great extent.

Our study population did not cover the
institutionalized population, which might limit
the generalizability of our results to this specific
population. However, in the Netherlands only
a minority of elderly people live in an institu-
tion, and the bias caused by excluding the
institutionalized population was probably small
and negligible at younger ages.25 Studies that
investigated contributions of diseases to edu-
cational disparities in mortality showed sub-
stantial variation across countries.8,26 In
Europe, a particular north---south gradient
existed in the contribution of ischemic heart

disease, whereas the contribution in the United
States was in between.26 Similar variation in
contributions of diseases to disparities in dis-
ability might exist, which might put restrictions
on the generalizability of our results to other
countries.

In our study, we measured disability as
functional limitations as part of the long-term
indicator of disabilities developed by the Orga-
nisation for Economic Co-operation and De-
velopment.18 Because functional limitations
represent a relatively mild form of disability, this
provided the statistical power required for our
analysis. An additional analysis revealed that
diseases contribute particularly to the “mobility”
domain of the indicator, and to a smaller extent,
the “hearing” and “seeing” domains. This sug-
gested that the results of our study were
domain-specific and might not be fully gener-
alizable to other domains of disability.

Studies that investigated the validity of self-
report of chronic conditions showed that this
was generally fairly accurate, and that level of
education did not have a significant effect on
reporting behavior.27---29 Self-report of disabil-
ity was shown to strongly correlate with
performance-based measures independent of
the level of education.30---32 Therefore, it was
expected that self-report would not affect our
substantive conclusions regarding which dis-
ease contributed most to the disparities.

Using a less stringent definition of disability,
which was defined as 1 or more items an-
swered with “at least minor difficulty,” resulted
in a larger part of the disparities explained by
background. However, relative contributions of
diseases to educational disparities in the bur-
den of disability remained unchanged. Because
of a lack of power, using a more stringent
cut-level could not be evaluated.

The cross-sectional nature of our methods
and data did not allow identifying cases in
which disability was present before the onset of
the disease. In these cases, the disability might
be falsely attributed to the disease. However,
because the risk for disability before the onset
of a particular disease was likely equal to the
risk among persons without onset of this
disease, such false attribution was expected not
to have biased our results.

It was decided not to exclude conditions such
as “dizziness with falling” and “involuntary loss
of urine,” which have an intermediate position

TABLE 2—Estimates of the Disabling Impact of Chronic Diseases (Hazard), by Level of

Education and Gender: Pooled From the Dutch Permanent Survey of Living Conditions,

2001–2007

Disease/Condition

Tertiary, b

(95% CI)

Upper

Secondary,

b (95% CI)

Lower

Secondary,

b (95% CI)

Elementary,

b (95% CI)

P (Overall

Difference)

Men

DM 0.00 (0.00, 0.00) 0.05 (–0.01, 0.11) 0.03 (–0.05, 0.10) 0.07 (–0.03, 0.18) .091

Stroke 0.14 (0.02, 0.26) 0.22 (0.10, 0.33) 0.23 (0.08, 0.39) 0.31 (0.13, 0.50) .503

Heart disease 0.06 (0.00, 0.12) 0.03 (–0.02, 0.07) 0.15 (0.06, 0.23) 0.12 (0.02, 0.22) .086

PVD 0.08 (–0.04, 0.20) 0.23 (0.08, 0.38) 0.24 (0.06, 0.42) 0.38 (0.18, 0.57) .139

Cancer 0.01 (–0.05, 0.06) 0.13 (0.04, 0.22) 0.00 (0.00, 0.00) 0.03 (–0.08, 0.14) .011

CNSLD 0.12 (0.04, 0.19) 0.07 (0.01, 0.13) 0.14 (0.04, 0.24) 0.16 (0.05, 0.28) .473

Back pain 0.05 (–0.01, 0.11) 0.20 (0.13, 0.27) 0.24 (0.14, 0.34) 0.41 (0.25, 0.56) < .001

Arthritis 0.03 (-0.01, 0.08) 0.13 (0.07, 0.18) 0.04 (–0.02, 0.11) 0.04 (–0.04, 0.12) .064

Neck/arm conditions 0.02 (–0.02, 0.07) 0.07 (0.02, 0.13) 0.09 (0.01, 0.17) 0.23 (0.11, 0.35) .006

Other 0.05 (0.01, 0.08) 0.06 (0.03, 0.10) 0.06 (0.01, 0.11) 0.18 (0.09, 0.28) .085

Women

DM 0.00 (0.00, 0.00) 0.08 (–0.03, 0.19) 0.17 (0.07, 0.28) 0.14 (0.04, 0.25) .198

Stroke 0.17 (–0.07, 0.40) 0.30 (0.09, 0.51) 0.14 (0.00, 0.28) 0.29 (0.10, 0.48) .688

Heart disease 0.30 (0.06, 0.54) 0.22 (0.07, 0.37) 0.18 (0.06, 0.30) 0.22 (0.07, 0.36) .859

PVD 0.19 (–0.06, 0.31) 0.13 (0.19, 0.57) 0.38 (0.19, 0.57) 0.27 (0.06, 0.48) .501

Cancer 0.02 (–0.04, 0.08) 0.07 (0.00, 0.13) 0.07 (0.00, 0.15) 0.23 (0.10, 0.36) .053

CNSLD 0.09 (0.02, 0.16) 0.09 (0.02, 0.16) 0.12 (0.04, 0.20) 0.22 (0.09, 0.34) .102

Back pain 0.15 (0.07, 0.24) 0.25 (0.16, 0.33) 0.36 (0.26, 0.47) 0.49 (0.34, 0.63) .002

Arthritis 0.07 (0.01, 0.12) 0.16 (0.11, 0.21) 0.16 (0.11, 0.21) 0.25 (0.18, 0.33) .003

Neck/arm conditions 0.10 (0.04, 0.16) 0.11 (0.06, 0.16) 0.18 (0.11, 0.24) 0.09 (0.00, 0.18) .444

Other 0.01 (–0.02, 0.03) 0.03 (0.00, 0.05) 0.06 (0.02, 0.09) 0.14 (0.08, 0.21) .001

Note. CI = confidence interval; CNSLD = chronic nonspecific lung disease; DM = diabetes mellitus; PVD = peripheral vascular
disease. Regression coefficients representing the disabling impact (in “hazard”) were estimated using multivariable additive
regression. Hazards can be transformed into probability using: probability = 1 – exp(–disease hazard). The sample size was
n = 24 883.
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between diseases and disability, but to add
them in a separate category named “other.” The
main contributors to the educational disparities
in men were “dizziness with falling,” “migraine
or frequent severe headache,” and “involuntary
loss of urine.” In women, these were “involun-
tary loss of urine” and “migraine or frequent
severe headache” (data available on request).

We lacked a valid indicator of mental con-
ditions, but to obtain an impression of the
importance of mental illness for disparities in
disability, we performed a sensitivity analysis

that included a score of 60 or lower on the
RAND Mental Health Inventory as a disease.33

In this analysis, 19% of the disparities in men
and 18% in women were attributed to mental
health problems, suggesting that mental illness
might contribute substantially to educational
disparities in disability. However, these results
should be interpreted with caution because the
RAND Mental Health Inventory was designed
to assess mental health status at population
level and might lack validity to diagnose in-
dividual mental disorders.

Comparison with Previous Studies

Our study was the first to our knowledge to
show that differences in the disabling impact
were more important than differences in
disease prevalence in the explanation of ed-
ucational disparities in the prevalence of
disability. Similar to earlier studies, we found
that back pain and arthritis substantially
contributed to educational disparity in the
prevalence of disability. In addition, we
showed important contributions of neck or
arm conditions.15---17

TABLE 3—Contribution of Diseases to Educational Disparity in the Prevalence of Disability in Base Situation and Under Counterfactual

Assumptions of Equal Disease Prevalence and Equal Disabling Impact: Pooled From the Dutch Permanent Survey of Living Conditions,

2001–2007

Contributions of Diseases to Total Prevalence of Disability

Among Groups with a Tertiary and Elementary Education, Percentage Points

Difference Between Elementary and Tertiary Education

Representing Contribution to Disability Disparity, Percentage Points

Disease/Condition Tertiary (1) Elementary (2)

Elementary, Counterfactual

With Disease Prevalence

of Tertiary (3)

Elementary, Counterfactual

With Disabling Impact of

Tertiary (4)

Base Situation

(No Counterfactual)

(2 – 1)

Counterfactual With

Disease Prevalence of

Elementary Equal to

Tertiary (3 – 1)

Counterfactual With

Disabling Impact of

Elementary Equal to

Tertiary (4 – 1)

Men

DM 0.00 0.71 0.45 0.00 0.71 0.45 0.00

Stroke 0.36 1.11 0.62 0.62 0.75 0.26 0.26

Heart disease 0.43 1.22 0.83 0.64 0.79 0.40 0.21

PVD 0.14 1.44 0.52 0.37 1.30 0.38 0.24

Cancer 0.14 0.18 0.20 0.13 0.04 0.06 –0.02

CNSLD 0.54 1.18 0.66 0.98 0.63 0.12 0.43

Back pain 0.25 3.26 1.58 0.51 3.01 1.33 0.26

Arthritis 0.32 0.48 0.31 0.48 0.17 0.00 0.17

Neck/arm conditions 0.19 2.26 1.05 0.41 2.07 0.86 0.22

Other 0.53 3.56 3.12 0.61 3.03 2.59 0.08

Background 5.77 12.36 12.86 13.27 6.59 7.09 7.50

Total (prevalence of disability) 8.67 27.76 22.20 18.02 19.09 13.52 9.35

Women

DM 0.00 0.89 0.21 0.00 0.89 0.21 0.00

Stroke 0.29 0.78 0.42 0.52 0.49 0.13 0.23

Heart disease 0.80 0.96 0.55 1.31 0.16 –0.25 0.51

PVD 0.25 0.70 0.33 0.54 0.44 0.08 0.28

Cancer 0.26 1.10 1.30 0.22 0.84 1.04 –0.04

CNSLD 0.23 1.44 0.98 0.33 1.21 0.76 0.10

Back pain 1.30 3.81 2.82 1.71 2.50 1.52 0.41

Arthritis 1.16 4.85 4.17 1.32 3.68 3.00 0.15

Neck/arm conditions 1.19 1.28 0.91 1.62 0.09 –0.28 0.43

Other 0.16 3.25 2.77 0.18 3.09 2.61 0.02

Background 9.83 16.60 17.12 18.10 6.77 7.29 8.27

Total (prevalence of disability) 15.48 35.66 31.59 25.85 20.18 16.12 10.37

Note. CNSLD = chronic nonspecific lung disease; DM = diabetes mellitus; PVD = peripheral vascular disease. Estimates were weighed and age-standardized to the study population of men and
women. The sample size was n = 24 883.
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In contrast to the findings of Sainio et al.,15

our study suggested that peripheral vascular
disease also contributed significantly to disabil-
ity in men, and in agreement with Nusselder
et al.,17 we showed that chronic nonspecific lung
disease was important in women.

Interpretation of Findings

Factors that might explain the educational
disparity in the burden of disability include
health behaviors,15,16,34---36 psychosocial fac-
tors,36 work-related factors,15,35 and wealth.35

These factors might have an effect on the
prevalence or the disabling impact of diseases,
but probably most factors affect both. To
illustrate, the physical demands for jobs that
require a relatively low level of education re
commonly higher than that for jobs that require
a high level of education.37 These physical
demands are associated with a more frequent
occurrence of musculoskeletal conditions in low
socioeconomic groups.37 In addition, in persons
who have a musculoskeletal condition, unfa-
vorable conditions at work could lead to an
increased severity of the disease, causing dis-
ability.38---41 Consequently, unfavorable condi-
tions at work might contribute to the burden of
disability by an effect on both the prevalence
and disabling impact of musculoskeletal condi-
tions. In our analysis, the disabling impact of
arthritis was highest in individuals who com-
pleted upper secondary education. A possible
explanation might be that some diseases, such
as arthritis, particularly interfere with jobs re-
quiring a relatively high level of education.
Another example is obesity, which is clustered
among groups with a low level of education and
is a major cause of diabetes.42 In persons who
have diabetes, obesity has been shown to be
a risk factor for functional decline.42 Thus,
obesity might contribute to the educational
inequality in disability via an effect on the
prevalence and disabling impact of diabetes.

Conclusions

About half of the educational disparity in
disability was caused by a difference in the
disabling impact of chronic diseases, and 20%
to 30% was caused by a difference in the
prevalence of diseases. For health policymakers
who are aiming to reduce disability disparities,
this implies that interventions to reduce the
disabling impact among groups with a low

socioeconomic position are crucial. Evidence
showed that interventions, such as high-
intensive exercise therapy and orthopedic re-
habilitation, can reduce the disabling impact by
improving personal capacity, are increasingly
available.43,44 However, because disability is
not merely a personal characteristic, but more
of a gap between personal capability and
environmental demand, interventions involving
activity accommodation, environmental modi-
fications, psychological coping, and external
support might aid in further reduction of the
disabling impact.45 The evidence for such in-
terventions is still limited. Given the substantial
contribution of musculoskeletal diseases to the
disparity in disability, reducing the disabling
impact of these conditions seems a priority. The
potential gains of effective interventions are
substantial. Elimination of the disparity in the
disabling impact of musculoskeletal conditions
would reduce the total disparity by 25%. j
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