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  Abstract
  

Background: Despite the widespread literate on health inequalities and their determinants,
changes in health inequalities 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
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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 important 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 status 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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  Introduction
  

Evaluation of over-time changes in health inequalities and understanding determinants of these
changes are key policy objectives for all governments (1). The condition-dependent nature of
health necessitates analysis of health inequality changes over time using dynamic models
based on longitudinal data (2). However, most previous studies have analysed changes in
health inequalities using repeated cross-sections and static regression models (3–7).
Decomposition of health inequalities using these static models cannot reveal dynamic links
between health and its determinants (8).
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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 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
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.

  Methods
  Study design
  

This study was performed using data collected by the Shahroud Eye Cohort Study (ShECS)
(15). Among 6311 people 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 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 Tehran University of Medical Sciences.
ShECS, which was used as the source of data for present study, had been approved by the
Ethics Committee of Shahroud University of Medical Sciences (Registration Code: IRB 8737).

  Statistical analysis
  Principal component analysis
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Principal component analysis (PCA) was used to convert 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 phases of the study was 0.735 and 0.726, respectively. Bartlett’s Sphericity Test
was significant for both phases (P   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 variables. 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:

  

where, MR was the health-related income mobility and MH income-related health mobility.
Therefore, this equation implied that changes in inequality in an outcome 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, MH showed whether changes in health were favourable for poor or rich people. MR
showed whether changes in income were favourable for healthy or unhealthy people.

  

After determining the value of MH (MPVA in 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)
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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 PVA*, (PVA* – PVAphase 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
  

MR (MES 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   

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
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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, MPVA and MES were –0.08 and –0.03, respectively. The negative values of
MPVA 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 MES
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 MPVA , 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 of Table 2. In line 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 λ (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 MPVA 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 MPVA and consequent increment in PVA inequality.
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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 MPVA
and consequently reduce the economic inequality in PVA. On the contrary, the long-run
changes in education and ES helped to reduce MPVA and consequently increase inequality in
PVA. The long-run determinants of PVA changes contributed to the increment in MPVA and
consequent reduction in PVA inequality.

  

Considering that the mean PVA* was higher than the mean PVA in the first phase, the larger
gap between the 2 scores indicated a more favourable condition. The mean (SD) gap between
PVA* and PVA in the first phase in terms of economic quintiles is presented in Figure 2. 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 interpretation of the sum of the effects of the second component in
Table 3 (adjustment toward PVA*).

  Discussion
  

The results of measuring the economic inequality in PVA indicated that the PVA had a higher
level of concentration 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, MPVA was –0.08. This index
shifted towards decreasing the economic inequality in PVA in the population. MES 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, MPVA and MES moved toward decreasing and increasing the
economic inequality in PVA, respectively. Eventually, in this bilateral struggle, MPVA dominated
and reduced inequality in PVA.

  

The results of MPVA 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
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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 MPVA index and 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 inequality 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,
consequently, 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 prevention and treatment programmes for visual
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impairment, to specifically modify visual acuity in each group and, consequently, reduce the
economic inequality in visual acuity.
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  Changement paradoxal dans l'inégalité économique en matière de
correction des vices de réfraction entre 2009 et 2014 : une baisse non
significative
  Résumé
  

Contexte : Malgré l'importance de la littérature, les inégalités en matière 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 matière
d'inégalités économiques dans l'acuité visuelle à l'examen mesurée à l'aide du logarithme de
l'angle minimal de résolution.

  

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

  

Résultats : L'acuité visuelle à l'examen et le statut économique se sont tous deux détériorés
entre 2009 et 2014. Les scores moyens (écart-type) pour l'acuité visuelle à l'examen et le statut
économique présentés en 2009 par rapport à 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 à l'examen (intervalle de confiance à 95 %) dans la première et la deuxième phase de
l'étude était de −0,245 ( −0,212 à −0,278) contre −0,195 ( −0,165 à −0,225), respectivement. La
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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 à la réduction de
l'inégalité économique de l'acuité visuelle à l'examen était la détérioration de celle-ci chez les
personnes ayant un statut économique plus élevé à cause de leur vieillissement.

  

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

التغير التَّناقُضِيّ في التفاوت الاقتصادي في تصحيح الانكسار البصري  
بين عامي 2009 و2014: انخفاض غير مفيد
  

آسیه منصوري، محمد حسن إماميان، حجت زراعتی، حسن هاشمي، أكبر فتوحي

الخلاصة  
  

: رغم انتشار الوعي بعدم المساواة الصحية ومُحدِّداتها، لم تحظَ التغيرات فيالخلفية
عدم المساواة الصحية على مر الزمن بالاهتمام الكافي.

  

: هدفت هذه الدراسة إلى قياس التغيرات على مر الزمن في التفاوت الاقتصادي فيالأهداف
حدة البصر المُسْتَعْلِنة المقاسة باستخدام لوغاريتم زاوية الوضوح الصغرى، وتحليلها.

  

: أجرينا تحليلاً على 4706 مشاركاً كانت لديهم بيانات كاملة عن "حدة البصرطرق البحث
المُسْتَعْلِنة" والنقاط الاقتصادية في عامي 2009 و2014 في دراسة شهرود الأترابية
للعيون. وقسنا التغيرات في مؤشرات تركيز حدة البصر المُسْتَعْلِنة، وحللناها
باستخدام نهج طولي.

  

: تدهور كل من "حدة البصر المُسْتَعْلِنة" والحالة الاقتصادية بين عامي 2009النتائج
و2014. وكان متوسط (الانحراف المعياري) نقاط حدة البصر المُسْتَعْلِنة والنقاط
الاقتصادية في عام 2009 مقارنة بعام 2014 هو 0.090 (0.2) مقابل 0.103 (0.2)، و0.01 (1.0)
مقابل 0.0005 (1.07) على التوالي. وبلغ مؤشر تركيز حدة البصر المُسْتَعْلِنة (فاصل الثقة
%95) في المرحلة الأولى مقابل المرحلة الثانية من الدراسة -0.245 (-0.212 إلى -0.278)
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مقابل -0.195 (-0.165 إلى -0.225) على التوالي. ويشير التحليل الطولي لهذا التغير في
مؤشرات التركيز خلال فترة 5 سنوات إلى أنَّ أهم عامل مساهم في الحدّ من التفاوت
الاقتصادي "لحدة البصر المُسْتَعْلِنة" هو تدهور "حدة البصر المُسْتَعْلِنة" بين
الأشخاص ذوي النقاط الاقتصادية الأعلى نظرًا لتقدمهم في السن.

  

: على غير متوقع، كان الانخفاض في التفاوت الاقتصادي في "حدة البصرالاستنتاج
المُسْتَعْلِنة" ناجمًا عن تدهور "حدة البصر المُسْتَعْلِنة" بين الفئة ذات النقاط
الاقتصادية الأعلى وليس تحسنها بين الفئة ذات النقاط الاقتصادية الأدنى. ولذلك، ينبغي
النظر في احتياجات جميع الفئات الاجتماعية الاقتصادية على نحو منفصل، لتعديل "حدة
البصر المُسْتَعْلِنة" في كل فئة، ومن ثمَّ الحدّ من التفاوت الاقتصادي في "حدة البصر
المُسْتَعْلِنة".
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