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Abstract

Background: Despite the widespread literate on health inequalities and their determinants, changes in health inequali-
ties over time have not received enough attention.

Aims: To measure and decompose the over-time changes in economic inequality in presenting visual acuity measured
using Logarithm of the Minimum Angle of Resolution.

Methods: We analysed 4706 participants who had complete data on presenting visual acuity and economic status in 2009
and 2014 in the Shahroud Eye Cohort Study. We measured changes in presenting visual acuity concentration indices and
decomposed them the using a longitudinal approach.

Results: Both the presenting visual acuity and economic status deteriorated between 2009 and 2014. The mean (standard
deviation) for presenting visual acuity and economic status scores in 2009 versus 2014 were 0.090 (0.2) versus 0.103 (0.2)
and 0.01 (1.0) versus 0.0005 (1.07), respectively. Presenting visual acuity concentration index (95% confidence interval) in
the first versus second phases of the study were -0.245 (-0.212 to -0.278) versus -0.195 (-0.165 to -0.225), respectively.
Longitudinal decomposition of this change in concentration indices during the 5-year period indicated that the most im-
portant contributor to reduction in economic inequality of presenting visual acuity was deterioration of presenting visual
acuity among people with higher economic status due to their ageing.

Conclusion: Unexpectedly, reduction in economic inequality in presenting visual acuity was due to presenting visual
acuity deterioration among the higher economic status group rather than its amelioration among the lower economic sta-
tus group. Therefore, the needs of all socioeconomic groups should be considered separately to modify presenting visual
acuity in each group and, consequently, reduce the economic inequality in presenting visual acuity.
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attention to the changes occurring over time. To the best
of our knowledge, after the study by Allanson et al. (8),
this is the first study to use the cohort data to conduct
a longitudinal analysis of changes in inequality. By
revealing the process of changes in inequalities over time
and identifying the factors influencing such changes,
we can provide health policy-makers with effective
recommendations to design programmes and policies
aimed at reducing these inequalities.

Introduction

Evaluation of over-time changes in health inequalities
and understanding determinants of these changes are
key policy objectives for all governments (1). The condi-
tion-dependent nature of health necessitates analysis of
health inequality changes over time using dynamic mod-
els based on longitudinal data (2). However, most pre-
vious studies have analysed changes in health inequal-
ities using repeated cross-sections and static regression
models (3-7). Decomposition of health inequalities using

these static models cannot reveal dynamic links between Methods
health and its determinants (8). X
Study design

We used the data collected in a cohort study and
applied a dynamic decomposition method (8) to analyse
the longitudinal changes in economic inequality in

This study was performed using data collected by the
Shahroud Eye Cohort Study (ShECS) (15). Among 6311 peo-

presenting visual acuity (PVA), as one of the health
outcomes that have a strong and fully proved relationship
with socioeconomic status (7,9-14). All of the previous
studies were of a cross-sectional nature without paying

ple who were invited to participate in ShECS, 5190 (82.2%)
participated in the first phase of the study in 2009. Of
these, 453 people were removed from the second phase of
the study in 2014 due to death, immigration or reluctance
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to continue. Thus, in the second phase, the examinations
were performed on 4737 people (91.27%). Further details
about ShECS are presented elsewhere (15).

In the present study, PVA, defined as vision in normal
daily life conditions, whether corrected or not, was the
outcome variable. In ShECS, this quantitative variable was
measured using the Logarithm of the Minimum Angle of
Resolution (LogMar). On this scale, a higher score means
poorer vision. To cover the data for both eyes, the outcome
variable was set as the PVA score in the better eye. Other
studied variables were: age, sex, education (number
of successfully completed years of education), marital
status (married or unmarried), occupation (retired or
not retired), diabetes, hypertension, smoking, medical
insurance, body mass index and household assets.

Ethical approval

This study was approved by the Ethics Committee of Teh-
ran University of Medical Sciences. ShECS, which was
used as the source of data for present study, had been ap-
proved by the Ethics Committee of Shahroud University
of Medical Sciences (Registration Code: IRB 8737).

Statistical analysis
Principal component analysis

Principal component analysis (PCA) was used to con-
vert the variables used for the assessment of household
assets into a quantitative variable, economic status (ES)
score. Prior to PCA, the homogeneity of asset variables
was measured using the Kaiser-Meyer-Olkin Measure
of Sampling Adequacy and Bartlett’s Sphericity Test. The
Kaiser-Meyer-Olkin index for the first and second phas-
es of the study was 0.735 and 0.726, respectively. Bart-
lett’s Sphericity Test was significant for both phases (P <
0.001). Therefore, according to Williams et al. (16), home
asset variables in both phases of the study were relevant
and proper for the PCA. As a result, PCA was conducted on
home assets in the first and second phases. As previous-
ly described (7), the ES variables in the first and second
phases were formed by weighting the first component,
which justified the highest variance in asset data (17).

Measuring inequality

Concentration index was calculated as twice the
covariance between the outcome variable and the
fractional rank in the socioeconomic status indicator
variable divided by the mean of the outcome (18), and
was used to measure economic inequalities in PVA and
other variables. Computational details are presented in
the Appendix section.

Decomposition of changes in the economic inequality in PVA by
a dynamic method

When using a dynamic method, it is necessary only to
use the longitudinal or follow-up data (8). This analysis
must be performed only on the subjects with registered
data on both the outcome and socioeconomic status vari-
ables. People who had no registered data on PVA or home
assets in one or both phases of the study were excluded

from the analysis. Accordingly, a total of 482 people were
excluded and the data collected on 4706 people were used
in the analyses.

The decomposition of the change in inequality in
this method was a hierarchical process. To simplify, we
divided this process into two parts: nondeterministic
decomposition and deterministic decomposition. In
nondeterministic decomposition, the changes in the
concentration indices between the two periods were
decomposed using the following equation:

ACI =M" -M"

where, M* was the health-related income mobility
and M" income-related health mobility. Therefore, this
equationimplied that changesininequalityinanoutcome
over time resulted from changes in the health status of
poor and wealthy people (health mobility) and changes
in the positions of healthy and unhealthy individuals
in income distribution (income mobility). Accordingly,
M showed whether changes in health were favourable
for poor or rich people. M* showed whether changes in
income were favourable for healthy or unhealthy people.

After determining the value of M* (M2in this study),
it was necessary to decompose it in order to identify the
share of changes in income (ES in this study) and other
determinants in it via deterministic decomposition.
The following steps were used for this decomposition.
(1) Identifying short-run determinants of PVA change
(determinants of changes in PVA from the first to second
phase) using the Error Correction Model (ECM). This
model allowed for lagged as well as contemporaneous
responses to changes in ES and other PVA determinants.
(2) Computing expected PVA in the equilibrium-steady
state that was called long-run or equilibrium PVA
function (PVA”). (3) Computing equilibrium error, value
of adjustment PVA in first phase toward PVAY, (PVA*
- PVAPhe 1) (4) Identifying long-run determinants of
PVA change (determinants of equilibrium error). (5)
Determining the contribution of short-run and long-
run determinants of PVA changes in PVA mobility and
consequently PVA inequality changes (more details on
statistical analysis are presented in the Appendix).

Mathematically, it was possible to decompose
M® (M¥in this study) and determine the contribution
of determinants in the health-related income rank of
individuals. Since the determinants of income variations
are not routinely collected in health research, it was not
possible to conduct such an analysis in the present study.

Results

The mean PVA (95% confidence interval; CI), measured
based on the LogMAR scale, was 0.090 (0.084-0.096) and
0.103 (0.098-0.109) in the first and second phases of the
study, respectively (P < 0.001).
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The mean (standard deviation; SD) for age, education
and body mass index in the first versus second phases of
the study were 50.9 (6.2) versus 55.9 (6.2), 7.3 (4.7) versus
7.3 (4.7),and 28.4 (4.9) versus 28.9 (5.0), respectively. Table 1
presents the status of other independent variables in the
first and second phases of the study. Comparing the data
collected in the first and second phases, we observed a
reduction in the number of individuals in the married
subgroup and an increase in the retired subgroup during
the study. The number of people with diabetes and
hypertension nearly doubled during the study. There was
also an increase in the number of insured people and
smokers.

We constructed economic quintiles in each phase by
dividing the ES into 5 groups. The distribution of people
in economic quintiles in the first versus second phases
of the study is shown in Figure 1. Due to the existence of
tied data (observations having the same value) created by
PCA, particularly in the first phase, the percentages differ
from 20% for some quintiles.

The PVA concentration index (95% CI) in the first and
second phases of the study was -0.245 (-0.212 to -0.278)
and -0.195 (-0.165 to -0.225), respectively. Comparing
these concentration indices indicated that economic
inequality in PVA decreased by 0.05 between 2009 and
2014.

According to the nondeterministic decomposition of
concentration indices changes during the 5-year period,
M and M" were -0.08 and -0.03, respectively. The
negative values of M*™ indicates that the deterioration
of visual acuity between 2009 and 2014 was more
concentrated among people with better economic status.
In contrast, the negative value of M showed that the
deterioration of economic status during the study was
more concentrated among people with poorer visual
acuity score.

As the first step of deterministic decomposition of
MM an ECM was run to identify short-run determinants
of PVA changes. The variables that were entered into the
final model are presented in the column 1 0f Table 2. Inline
with the results of Allanson et al. (2), the significance level
for the final model was set at 0.1. According to this model,
improving ES and achieving control of hypertension in
the second phase as compared with the first phase, and
education and ES in the first phase prevented an increase
in PVA. However, deterioration of ES and development
of hypertension in the second phase as compared with
the first phase, and age, diabetes and hypertension in
the first phase helped to increase PVA in the second
phase. The next step was to determine long-run or
equilibrium PVA function (PVA®). The determinants of
PVA”" (presented in column 2 of Table 2) were obtained
by dividing the coefficients of the baseline values of the
variables in the ECM by the value of A (absolute value of
regression coefficient for PVA in the first phase). These
coefficients represented estimates of the long-term
effects of determinants on PVA changes.

After identifying the determinants of PVA", we used
the coefficients of these determinants and calculated PVA*
for each person. The mean (SD) PVA" was 0.235 (0.204).
Since the PVA increased in the second phase compared
to the first phase, the change that occurred in the mean
PVA from the first to the second phase narrowed the gap
between PVA in first phase (initial PVA) and PVA".

The results of MP™ decomposition are presented in
Table 3. According to Allanson et al. (8), only the factors
whose changes between the 2 periods were significant in
the ECM were used to calculate the contribution of the
first component, the short-run determinants. Therefore,
only 2 variables, changes in hypertension and changes in
ES played a role in the first component. The total share of
this component was -7.50%. Therefore, short-run changes
in hypertension and ES contributed to the reduction in
MP™ and consequent increment in PVA inequality.

The second component, long-run determinants
(determinants of adjustment of initial PVA toward PVA"),
made a considerable contribution to changes in PVA
inequality. In this component, the long-run changes in
age, diabetes and hypertension helped to increase M™™
and consequently reduce the economic inequality in
PVA. On the contrary, the long-run changes in education
and ES helped to reduce M™™ and consequently increase
inequality in PVA. The long-run determinants of PVA

Table 1 Characteristics of participants in Shahroud Eye
Cohort Study 2009-2014

Variable

Married 4354 (92.5) 4215 (89.6)
Occupation (retired) 763 (16.2) 1276 (27.1)
Diabetes 575 (12.2) 1117 (23.9)
Hypertension 1799 (38.2) 2902 (61.7)
Cigarette smoking 566 (12.0) 671 (14.3)
Medical insurance 4435 (94.9) 4636 (98.5)
Household assets:
Car 3009 (63.9) 3303(70.2)
Motorcycle 1442 (30.6) 1019 (21.7)
TV/LED/LCD 4688 (99.6) 4679 (99.4)
Bathroom 4689 (99.6) 4682 (99.5)
Vacuum cleaner 4545 (96.6) 4614 (98.1)
Washing machine 4217 (89.6) 4471 (95.0)
Refrigerator 4692 (99.7) 4687 (99.6)
Computer 2953 (62.7) 2942 (62.5)
Telephone 4660 (99.0) 4573 (97.2)
Microwave 421(9.0) 547 (11.6)
Dishwasher 271 (5.8) 379 (8.1)
Freezer? - 2940 (62.5)
Internet access? = 1909 (40.6)
Internet in home? - 2081 (44.2)

“Did not measure in first phase of study.
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Figure 1 Distribution of people by economic quintiles in 2009 and 2014, Shahroud, Islamic Republic of Iran.
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changes contributed to the increment in M™ and in terms of economic quintiles is presented in Figure 2.
consequent reduction in PVA inequality. This shows that the gap was larger in poorer than richer
economic groups. In other words, there was a higher
level of adjustment toward the equilibrium steady state
in rich economic groups. This finding is consistent with
the 2 scores indicated a more favourable condition. The the interpretation of the sum of the effects of the second
mean (SD) gap between PVA* and PVA in the first phase component in Table 3 (adjustment toward PVA?).

Considering that the mean PVA* was higher than
the mean PVA in the first phase, the larger gap between

Table 2 Determinants of PVA change during 5 years by Error Correction Model and the implied equilibrium PVA function,
Shahroud, Islamic Republic of Iran, 2009-2014

Variables Error Correction Model Equilibrium PVA function
Coefficient 95% CI Coefficient?
Hypertension changes
Unchanged Reference
Developing 0.0001 -0.0095, 0.0098
Achieving control -0.0182** -0.0352, -0.0012
ES changes
Unchanged Reference
Becoming poorer 0.0016 -0.0097, 0.0129
Becoming richer -0.0153"** -0.0259, -0.0048
PVA 2009 -0.4110*** -0.5136, -0.3084
Age 2009 (years) 0.0013"** 0.0004, 0.0023 0.0032
Education (years) 2009 -0.0015** -0.0028, -0.0003 -0.0036
Diabetes 2009 0.0343*** 0.0140, 0.0550 0.0834
Hypertension 2009 0.0092* -0.0016, 0.0201 0.0224
Economic quintiles 2009
First (poorest) Reference Reference
Second -0.0198™** -0.0332, -0.0063 -0.0482
Third -0.0058 -0.0192, 0.0074 -0.0141
Fourth -0.0137* -0.0287, 0.0013 -0.0333
Fifth (richest) -0.0188™* -0.0349, -0.0026 -0.0457
Constant 0.0014 -0.0450, 0.0477 0.0034

*P<1%, **P < 5% and ***P < 10%.

“These coefficients were obtained by dividing the coefficients of the baseline values of the variables in the Error Correction Model by the absolute value of PVA regression coefficient in the first
phase in this model (0.4110).

ES = economic status; PVA = presenting visual acuity.
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Table 3 Decomposition of ES-related PVA Mobility Index between 2009 and 2014, Shahroud, Islamic Republic of Iran

Component Variable

Short-run determinants

Unchanged (reference)

Developing

Controlling

Unchanged (reference)

Becoming poorer
Becoming richer
Sum

long-run determinants
(adjustment to equilibrium)

Age 2009
Education (years)

Diabetes 2009

Hypertension 2009

First Q (reference)

Second Q
Third Q
Fourth Q
Fifth Q
Constant
Sum
Total explained
Residual
Total

Mobilityindex Percentage contribution to M*" (%)
Hypertension changes
~0.0001 0.12
0.0021 -2.62

Economic status changes

-0.0021 2.62
0.0061 -7.62
0.0060 -7.50
-0.1538 192.25
0.0457 -57.12
-0.0082 10.25
-0.0073 9.12

Economic status 2009

-0.0054 6.75
0.0092 -11.50
0.0139 -17.38
0.0217 —27.13

-0.0032 4.00

-0.0874 109.25

-0.0814 10175
0.0014 -1.75

-0.0800 100.0

ES = economic status; PVA = presenting visual acuity; M""* = ES-related PVA mobility index; Q = quintile.

Discussion

The results of measuring the economic inequality in PVA
indicated that the PVA had a higher level of concentra-
tion among people with lower ES. This finding has also
been reported by many other studies (9,10,19,20).

The present study showed that the economic
inequality in PVA decreased by 0.05 between 2009 and
2014. This change in the economic inequality in PVA
was decomposed by a longitudinal dynamic method.
In nondeterministic decomposition, M was -0.08.
This index shifted towards decreasing the economic
inequality in PVA in the population. M was -0.03.
Therefore, this index moved toward increasing the
economic inequality in PVA in the population. Because
of the positive correlation between ES and health, this
index is reported negative in most studies (21). Thus,
M and M" moved toward decreasing and increasing
the economic inequality in PVA, respectively. Eventually,
in this bilateral struggle, M dominated and reduced
inequality in PVA.

The results of M™ decomposition showed that the
contribution of the changes in hypertension and ES
during the study was positive. Therefore, the changes in
these 2 variables contributed to increasing the economic

inequality in PVA. This was because the number of
people who developed hypertension during the study
was significantly higher than the number who achieved
control of hypertension during the same period. The
increase in PVA of people who developed hypertension
during this time was 3.04 times higher than the number
who recovered from hypertension during the same
period. A high percentage of people whose ES remained
unchanged during the study belonged to the first
and second economic quintiles. There are confirmed
relationships between hypertension and visual
impairment (22), as well as between economic status and
visual impairment (23). Therefore, increasing eye care
in people with hypertension and facilitating delivery of
preventive, diagnostic and therapeutic care services for
people with poor ES can help to reduce the economic
inequality in PVA.

The second component, that is, adjustment of initial
PVA toward PVA" a more unfavourable state, had the
highest contribution to PVA inequality changes. This
indicated that the changes in PVA from the first to the
second phase of the study resulted in a reduced gap
between the initial PVA and PVA" The negative sign
of the mobility index for this component shows that,
firstly, this change led to an increase in M index and
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Figure 2 Gap between presenting vision acuity in 2009 and
Ppresenting vision acuity in steady state according to quintiles
of economic status in 2009, Shahroud, Islamic Republic of Iran.
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CI = confidence interval; PVA = presenting visual acuity.

consequently helped to reduce inequality in PVA; and
secondly, the highest level of adjustment of initial PVA
towards PVA* occurred among more affluent people. In
this component, the largest contribution was related
to the age variable. Thus, the most important factor
contributing to the reduction in economic inequality in
PVA was the PVA score nearing its expected value in the
equilibrium steady state in rich individuals due to their
ageing. Therefore, the observed decline in economic
inequality in PVA during the study did not result from a
favourable change, such as improvement in visual acuity
in poorer people; on the contrary, the change in PVA of
richer people toward PVA*was the most important factor
contributing to the reduction in inequality in PVA. In
other words, at the beginning of the study, the poorer
people were older than the richer people and other risk
factors for visual impairment, such as sex (being female)
and lower education, were more concentrated among

them, and consequently they had more unfavourable
PVA. During the study, with the increase in the age of
the participants, the status of the poorer people in terms
of PVA remained almost stable. In contrast, the richer
people experienced an increase in PVA score because of
ageing and other factors. Hence, the gap between poor
and rich people in terms of PVA decreased.

The most important strengths of this study were:
the use of data obtained from a well-designed cohort
study with carefully and continuously monitored data
collection and considerable sample size to analyse the
changes in inequality in a health outcome over time;
the high response rate of the participants in both phases
of the study; and applying a longitudinal data-based
technique for analysis of over-time inequality changes.
Nevertheless, the focus of our research on people aged
40-64 years could affect generalizability of the results.

Conclusion

This study showed a decrease in the economic inequal-
ity in PVA over a 5-year period. Although this reduction
seemed to be a desirable change, longitudinal analysis
revealed that this reduction in inequality was due to the
deterioration of PVA in people with better ES and, con-
sequently, the decrease in the difference between those
with a poor ES and those with a better ES in terms of PVA.
Therefore, we suggest that it is desirable to consider the
needs of all socioeconomic groups when designing pre-
vention and treatment programmes for visual impair-
ment, to specifically modify visual acuity in each group
and, consequently, reduce the economic inequality in
visual acuity.
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versity of Medical Sciences as a PhD thesis under Grant
number 240/811. This study also is supported by Noor Eye
Hospital and Shahroud University of Medical Sciences
(Project numbers 8737 and 9826).
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Changement paradoxal dans l'inégalité économique en matiére de correction des
vices de réfraction entre 2009 et 2014 : une baisse non significative

Résume

Contexte: Malgré l'importance de la littérature, les inégalités en matiére de santé et leurs déterminants, les
changements observés dans ce domaine au fil du temps n'ont pas fait l'objet de suffisamment d'attention.

Objectifs : Mesurer et décomposer les changements survenus au fil du temps en matiere d'inégalités économiques
dans l'acuité visuelle a 'examen mesurée a l'aide du logarithme de I'angle minimal de résolution.

Méthodes: Nous avons analysé 4706 participants qui disposaient de données completes sur l'acuité visuelle a
I'examen et le statut économique en 2009 et 2014 dans 1'étude de cohorte oculaire de Shahroud. Nous avons mesuré
les changements dans les indices de concentration pour l'acuité visuelle a l'examen et les avons décomposés en
utilisant une approche longitudinale.

Résultats: L'acuité visuelle a I'examen et le statut économique se sont tous deux détériorés entre 2009 et 2014.
Les scores moyens (écart-type) pour l'acuité visuelle a l'examen et le statut économique présentés en 2009 par
rapport a 2014 étaient de 0,090 (0,2) contre 0,103 (0,2) et de 0,01 (1,0) contre 0,0005 (1,07), respectivement. L'indice
de concentration pour l'acuité visuelle a I'examen (intervalle de confiance a 95 %) dans la premiére et la deuxieme
phase de I'étude était de -0,245 ( -0,212 a -0,278) contre -0,195 ( -0,165 a -0,225), respectivement. La décomposition
longitudinale de ce changement dans les indices de concentration au cours de la période de cinq ans a indiqué que
l'élément le plus important contribuant a la réduction de l'inégalité économique de l'acuité visuelle a 'examen était la
détérioration de celle-ci chez les personnes ayant un statut économique plus élevé a cause de leur vieillissement.

Conclusion: De maniére inattendue, la réduction de 1'inégalité économique dans l'acuité visuelle a l'examen était
due a la détérioration de cette derniére dans le groupe de statut économique supérieur plutoét qu'a son amélioration
dans le groupe de statut économique inférieur. Les besoins de tous les groupes socio-économiques doivent donc étre
considérés séparément pour modifier l'acuité visuelle a I'examen dans chaque groupe et, par conséquent, réduire
l'inégalité économique.
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