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Abstract
Objectives—We examined the impact of expanding health insurance coverage on
socioeconomic disparities in total and cardiovascular disease mortality from 1998 to 2007 in
Colombia.

Methods—We used Poisson regression to analyze data from mortality registries (633 905 deaths)
linked to population census data. We used the relative index of inequality to compare disparities in
mortality by education between periods of moderate increase (1998–2002) and accelerated
increase (2003–2007) in health insurance coverage.

Results—Disparities in mortality by education widened over time. Among men, the relative
index of inequality increased from2.59 (95% confidence interval [CI] = 2.52, 2.67) in 1998–2002
to 3.07 (95% CI = 2.99, 3.15) in 2003–2007, and among women, from 2.86 (95% CI = 2.77, 2.95)
to 3.12 (95% CI = 3.03, 3.21), respectively. Disparities increased yearly by 11% in men and 4% in
women in 1998–2002, whereas they increased by 1% in men per year and remained stable among
women in 2003–2007.
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Conclusions—Mortality disparities widened significantly less during the period of increased
health insurance coverage than the period of no coverage change. Although expanding coverage
did not eliminate disparities, it may contribute to curbing future widening of disparities.

Recent health care reform in the United States has sparked debate on the potential impact of
expanding health insurance coverage on access to care and disparities in health care.1 People
with lower socioeconomic status are at increased risk of many conditions and are therefore
more likely to benefit from an expansion in health insurance coverage.1 Previous
observational studies in the United States have suggested that a lack of health insurance was
associated with an increased risk of subsequent mortality in all socioeconomic groups.2

However, little is known about the impact of health insurance coverage on socioeconomic
disparities in mortality following a major expansion in insurance coverage. In1993, the
Colombian government implemented a major health care reform that introduced mandatory
health insurance.3 As a result, coverage increased from 47% in 19944 to 98% in 2010.5

Although the social and economic context of Colombia differs substantially from that in the
United States, lessons from the Colombian reform can shed light on the potential impact of
increased health insurance coverage on health disparities in the United States and middle-
income countries currently expanding insurance coverage.

A desirable outcome of coverage expansion is that it will have a larger impact on the health
of the poor and will contribute to a reduction in health disparities.3,6 The reform in
Colombia established a scheme of subsidies targeted to the poor, assigning citizens to 2
schemes on the basis of income: (1) the contributory scheme, which covers workers and
their families with an income above the cut-off and is financed through payroll and
employer’s contributions, and (2) the subsidized scheme, which covers the poor as identified
through a proxy means test.6

In the poorest income quartile, health insurance coverage increased from 6% in 1993 to
more than 70% in 2007,6 an increase attributable to the subsidized scheme.5 Increased
coverage among the poor is expected to improve health outcomes by ensuring timely care
and bringing them into closer contact with the health care system.7 However, the reform also
increased the complexity of the system potentially leading to delays in some types of care8

and reducing spending in prevention and public health.9 Previous dynamic simulations for
the United States have suggested that expanding health insurance coverage is cost-effective,
but failing to also expand the primary care capacity for the disadvantaged could lead to
increasing health disparities.10 There have been no empirical studies examining these issues
in the context of a major health care reform.

Most previous studies have focused on the impact of health care reform on utilization and
access to health care services, with only some studies examining the impact on population
health.7,11–13 A recent review of available evidence concluded that expanding health
insurance coverage generally improves access to care and population health particularly for
lower income groups, but health gains may be dependent on the institutional framework and
governance arrangements.14 On the other hand, the World Health Organization Commission
on Social Determinants of Health concluded that, although inequity in health care is critical,
the largest burden of illness arises in large part because of the conditions in which people are
born, grow, live, work, and age.15

We examined whether expanding health insurance coverage is associated with trends in
socioeconomic disparities in mortality in the aftermath of the health care reform in
Colombia. Findings from this study are of potential interest to the United States and middle-
income countries that have recently implemented reforms to achieve universal access. We
hypothesized that expanding health insurance coverage will contribute to curbing
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unfavorable trends in mortality disparities. To assess the impact of this expansion, we
examined trends in mortality disparities by educational level separately for 2 divergent
periods. In 2002, a process of decentralization led to a sharp increase in resource allocation
to the subsided scheme in regional areas.16 As a result, whereas in the period 1998–2002
there was a moderate increase in total health insurance coverage (coverage went from 59.8%
in 1998 to 64.1% in 2002), thereafter total coverage increased rapidly from 65.9% (2003) to
92.5% (2007; Figure 1). This corresponds to a statistically significant increase of 5.1% per
year (P < .001) in the period 2003–2007. As illustrated in Figure 1, this increase was driven
by a particularly steep increase in affiliates to the subsidized scheme in 2003–2007 (15.1%
per year; P < .001), as opposed to a much smaller increase in the period 1998–2002 (6.4%
per year; P < .001), suggesting that it may have particularly reached the lower
socioeconomic groups. The discrepancy in health insurance coverage trends between these 2
periods thus provides a natural experiment to examine the impact of health insurance
coverage on socioeconomic disparities in mortality.

Our specific aim was to evaluate to what extent increased health insurance coverage has
contributed to diminishing socioeconomic inequalities in mortality in Colombia. If
socioeconomic differences in mortality were responsive to increased health insurance
coverage, we would expect a more favorable trend in socioeconomic differences in mortality
during the second than the first period. If increased insurance coverage had no impact on
socioeconomic disparities in mortality, we would expect similar trends in socioeconomic
disparities in mortality between the 2 periods.

METHODS
Data on deaths came from the national statistics agency, which collects and harmonizes data
on all deaths from all regions based on international guidelines. Causes of death were coded
according to the International Classification of Diseases (ICD-10).20 We focused on total
mortality and mortality from cardiovascular diseases (CVDs), which is the major cause of
death in Colombia and partly reflects changes in lifestyle associated with the
epidemiological transition.21 We defined CVD as codes I00 to I99 (Chapter IX, ICD-10).

For all deceased individuals (633 905 deaths), data were recorded on gender, age of death,
and educational level. Data on age and gender were available for more than 99% of all
deaths, and data on educational level was missing for approximately a third of deceased
cases. We used multiple imputation methods as developed by Raghunathan et al.22 and
implemented in SAS version 9.2 through the IMPUTE procedure (SAS Institute, Cary, NC)
to impute educational level for these individuals. This was done to avoid bias because of the
potentially higher rates of missing education for lower-educated individuals, and to
minimize the potential for numerator–denominator bias.23,24 In short, this procedure fits a
sequence of regression models and draws values from the corresponding predictive
distributions. We applied the sequential regression procedure based on a model that included
gender, region, age, andmarital status as covariates. Full details on the procedure are
available elsewhere.22

We restricted the sample to ages 25 to 64 years because our interest was on avoidable
mortality at adult age. In addition, data on educational level from death registries has been
shown to be unreliable at ages 65 years and older, potentially leading to biased estimates of
differences in mortality by education.23

We obtained data on midyear population counts with the following procedure: First, we
extracted data on the proportion of individuals in each educational level from the
International Institute of Applied System Analysis and the Vienna Institute of Demography
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of the Austrian Academy of Sciences (IIASA/VID) database.25 This database contains
information on the distribution of education for every 5-year age group, gender, and year
combinations every 5 years for the period 1970 through 2010, obtained from census,
national surveys, and demographic projections for 120 countries. Second, we obtained data
on yearly population counts for the entire population in Colombia from census and statistical
projections from the national statistical office. Third, we estimated the yearly population in
each educational group by multiplying the proportion of individuals in each educational
category obtained from the IIASA/ VID database by population counts from national census
and statistical projections. The IIASA/VID database contained distributions of education
every 5 years only. Therefore, we performed demographic projections to obtain population
counts for years between every lustrum by using the demographic Software Population
Analysis Spreadsheets (PAS).26

We then combined data on population counts with data on deaths to obtain a complete
database of mortality by educational level. We reclassified national educational levels into 3
categories based on highest educational attainment. These levels corresponded
approximately to the following US education system categories (in reference to the highest
level attained): (1) primary (elementary or primary school), (2) secondary (high-school
diploma), and (3) tertiary education (postsecondary education after high school including
college and university).

We first calculated age-standardized mortality rates by educational level, gender, and year
by using the World Health population of 199727 as reference. Subsequently, we
implemented separate Poisson regression models with number of deaths as dependent
variable and the natural log of person-years as offset variable, incorporating age and
educational level as independent variables. We used Poisson regression because data were
aggregated as counts of deaths per population, and because death counts followed a Poisson
probability distribution.

First, to assess mortality trends by educational level, we estimated the annual percent change
(APC) in mortality based on a Poisson model that incorporated an interaction between
educational level and year. The APC is the average rate of change in the mortality rate per
year in a given time frame (how quickly mortality has increased or decreased each year over
a period of years).28 It is presented as a percentage, such as a 1% per year increase. A
negative APC describes a decreasing mortality trend, whereas a positive APC describes an
increasing mortality trend.

At a second stage, we estimated 2 complementary measures of disparities separately for the
periods 1998–2002 and 2003–2007. We started by estimating the rate ratio (RR) of mortality
by educational level, which compared the mortality of all educational groups to the mortality
in the tertiary education group. Changes in the RR over time result from changes in both
risks and the distribution of educational level.29 Therefore, to assess changes in disparities
with control for changes in the educational distribution, we estimated the relative index of
inequality (RII), a widely used measure to examine trends in health disparities.30 The RII is
a regression-based measure that takes into account the size of each educational group by
regressing mortality on the midpoint of the cumulative distribution of education.29 The RII
can be interpreted as the ratio of the mortality rate of those at the bottom of the distribution
of education compared with the rate of those at the top of the distribution of education.29 An
increase in the RII indicates an increase in disparities in mortality across educational level.
Further details on the RII are available elsewhere.29

To estimate whether changes in disparities by educational level differed between the period
of moderate increase (1998–2002) and the period of rapid increase in health insurance
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coverage (2003–2007), we incorporated interaction terms between educational level and
year within each period. A significant positive interaction indicated a significant increase in
disparities in mortality by education. To assess whether yearly changes in disparities
between the 2 periods were statistically significant, we implemented a single model that
incorporated a 3-way interaction among period, year, and educational level. A significant
interaction was interpreted as indication of an effect of health insurance coverage on
disparities in mortality by educational level.

We carried out all regression analyses in each of the 5 multiple databases generated by the
multiple imputation process. Because results were nearly identical for all imputations, we
used standard techniques as implemented in the PROC MIANALYZE procedure in SAS to
combine estimates from all databases and adjust standard errors to account for uncertainty in
the imputation.31 This procedure reads the parameter estimates and associated covariance
matrix for each imputed data set, and then derives valid multivariate inferences for these
parameters. This allows for valid statistical inference that appropriately reflects uncertainty
attributable to missing values.31

RESULTS
Table 1 summarizes data on deaths and midyear population (person-years). There was a total
of 633 933 deaths over the period 1998–2007. Imputation of education was not possible in
6.4% of deceased cases, leaving a total of 593 173 deaths for analysis. Total mortality rates
were 537.8 deaths per 100 000 population among men and 281.6 among women, and CVD
rates were 115.5 and 78.0, respectively. From 1998 to 2007, men and women with only
primary education or less schooling had higher mortality rates than their higher-educated
counterparts (Figure 2). In all educational groups, mortality from both total and CVD
declined over the study period. However, Figure 3 shows that men and women with tertiary
education experienced a faster decline in mortality than their less-educated counterparts. The
average APC in mortality according to educational level was –4.89% (95% CI = –5.35, –
4.36) in men and –2.18 (95% CI = –2.96, –1.39) in women with tertiary education,
compared with –1.31% (95% CI = –1.48, –1.15) in men and –1.27% (95% CI = –1.45, –
1.08) in women with only primary education. We observed similar disparities for CVD
mortality.

Table 2 summarizes the RR (model 1) and RII (model 2) separately for the periods 1998–
2002 and 2003–2007. Both measures suggest that disparities by education in total and CVD
mortalitywidened over the study period in bothmen and women. For total mortality, the RII
increased from 2.59 (95% CI = 2.52, 2.67) in 1998– 2002 to 3.07 (95% CI = 2.99, 3.15) in
2003– 2007 in men, and from 2.86 (95% CI = 2.77, 2.95) in 1998–2002 to 3.12 (95% CI =
3.03, 3.21) in 2003–2007 in women. There was a particularly steep increase in disparities in
CVD mortality in women, which increased from 3.33 (95% CI = 3.10, 3.59) in 1998–2002
to 4.20 (95% CI = 3.94, 4.47) in 2003–2007.

As shown in Table 2, disparities in mortality widened significantly less in the period of
accelerated increase in health insurance coverage (2003–2007) than in the period of
moderate increase in coverage (1998–2002). The RII for total mortality increased by 11%
(RR = 1.11; 95% CI = 1.09, 1.13) in men and 4% in women (RR = 1.04; 95% CI = 1.02,
1.06) per year in the period 1998–2002, whereas it increased by only 1% (RR = 1.01; 95%
CI = 1.00, 1.03) in men and remained stable among women (RR = 1.00; 95%CI = 0.98,
1.02) in the period 2003–2007. Similarly, the RII for CVD mortality increased by 9% in
men and 7% in women in 1998–2002, whereas there was no significant change in disparities
in the period 2003–2007. The interaction between the RII and year was always significant
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for the period 1998–2002, whereas in the second period, it was only significant for total
mortality in men.

DISCUSSION
Our analyses suggest that there are large disparities in mortality by educational level in
Colombia, which widened significantly during the post–health care reform period owing to
larger decreases in mortality among higher-educated persons. However, socioeconomic
disparities in mortality widened significantly less during a period of rapid expansion in
insurance coverage, compared with a period of moderate increase in coverage. Findings
suggest that expanding insurance coverage may not eliminate disparities in the short term,
but over the long run, it may partly contribute to curbing widening disparities in mortality.

Interpretation of Results
There is controversy on the impact of insurance coverage on health outcomes and health
disparities in Colombia,3,6–9,13 the United States,1,2,10,32 and elsewhere.33–36 Although
some studies have suggested that the subsidized scheme led to improvements in maternal
and children’s health,6 little is known about impact on adult outcomes and mortality. The
slowdown in the rate of increase in disparities in adult mortality observed in our study
during the period of rapid increase in coverage may have been the result of increased access
to care.7 Those insured in the subsidized scheme were approximately 40% more likely to
have used outpatient visits in the past year than were the uninsured, half as likely to have
experienced barriers to access when needing care,6 and less likely to have experienced
catastrophic spending.6 In addition, studies from other countries have suggested that
increased coverage may contribute toward reducing disparities in health care utilization. A
study in Taiwan, which in 1995 implemented a similar insurance-based reform, found that
increased coverage significantly increased physician visits in all income groups,33 but
middle and lower household income groups benefited more than their higher-income
counterparts.33

Despite almost universal coverage, lowincome groups still face more barriers in access to
care than their higher-income counterparts. 13 Following a large health care reform that
increased coverage in Thailand, large disparities in health care utilization remained.34

Several studies have shown that even European countries with universal health care
coverage have large disparities in mortality that have persisted and increased during the past
decades.35–37 A possible explanation of our results is the persistence of disparities in
behavioral determinants of mortality uninfluenced by access to care. In 2003, the prevalence
of smoking among lower-educated Colombians was 41%, compared with 26% in those with
college education.38 Similarly, a recent study estimated that 26% of lower-educated
Colombians aged 25 to 50 years have at least a risk factor for CVD, as opposed to only 5.9%
in those with a university degree.39

Despite potential beneficial effects, several studies support the hypothesis that health
insurance is only 1 among many determinants of disparities in health and mortality.2,32

Disparities in behavioral risk factors, psychosocial wellbeing, parental socioeconomic status,
and childhood living circumstance may all contribute to disparities in mortality.40 In
addition, health care reform may not have been sufficient to curb autonomous trends in
chronic disease risk factors resulting from secular lifestyle changes toward more sedentary
lifestyles and higher obesity.21 Socioeconomic disparities in distal determinants of mortality
such as poverty, living conditions, and working conditions may also have contributed to
disparities. The gap in earnings among higher- and lower-educated workers has grown
during the past decades.41 It is estimated that 59% of lower-educated households live in
poverty, as opposed to only 4.1% among their higher-educated counterparts. 42 Among
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households in the highest income quintile, 96% have access to water services as opposed to
75% in the lowest income quintile. Similarly, 90% of households in the highest income
quintile have access to drainage services, in contrast to 54% in the lowest income quintile.43

The persistence of disparities in these social and behavioral determinants of mortality may
explain why disparities persist even after universal access to care has been achieved.

Limitations of the Study
Despite several strengths, some limitations should be considered in our study. Data on
mortality came from mortality registries, whereas data on the population distribution by
education came from census and demographic projections. This may have led to the so-
called numerator– denominator bias, which generally results in an overestimation of
disparities.23,24 Another limitation is that, for some years, data on population size came from
demographic projections combined with distributions of education from surveys. To assess
the impact of this potential bias, we experimented with different education distributions
from multiple data sources.25,44,45 Overall, although distributions and absolute rates
sometimes differed, the overall trends observed in our study were robust to different
assumptions on the distribution of education.

Education was missing for 38.4% of death records in the first period and 29.9% of records in
the second period. This may have led to underestimation of disparities, as missing values are
likely to be more common in less-educated and higher-mortality areas. However, we
imputed values for individuals with missing education based on a rich set of variables
available for most deceased individuals that strongly predicted education, minimizing the
potential impact of this source of bias. Overall, because of relatively small changes in the
proportion of missing over time, these trends may generally lead to underestimation of
disparities, but they are unlikely to account for differences in trends in disparities over the 2
periods assessed.

Our study was based on a comparison of trends in socioeconomic disparities in mortality
between 2 periods.We assumed a common trend in factors other than coverage between the
first and second periods. In preliminary analyses, we found that our results were robust to
adjustment for several national-level variables such as gross domestic product growth and
employment rates, which showed similar trends in both periods. However, we cannot
discard the possibility that other timevarying covariates contributed to trends in mortality.
Most importantly, increased coverage may have occurred parallel to other changes in the
health care system.4,6 Our results may therefore reflect not only the impact of increased
coverage but also the impact of other aspects of the health care reform.

Conclusions
Socioeconomic disparities in mortality widened throughout the period 1998–2007, but they
increased significantly less during a period of increased insurance coverage than during a
period of moderate increase in coverage. The reform may take several decades to have a
meaningful impact on the mortality of disadvantaged populations. Therefore, future studies
should closely monitor changes in disparities in mortality in the coming years. Our findings
underscore the importance of understanding the impact of determinants other than health
care in explaining disparities in mortality, including lifestyle, as well as the living and
working conditions of the poor. Given trends in these determinants, increasing insurance
coverage may not be sufficient to eliminate disparities, but our findings suggest that it may
contribute to curb increasing trends in disparities in mortality.
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FIGURE 1.
Percentage of population with health insurance coverage: Colombia, 1998–2007.
Note. Other schemes include primarily members of the military and teacher and oil workers
syndicate members.
Source. Annual reports of the Ministry of Health and Social Protection.5,17–19
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FIGURE 2.
Age-standardized rates of mortality at ages 25–64 years according to educational level from
(a) all-causes among men, (b) all-causes among women, (c) CVD among men, and (d) CVD
among women: Colombia, 1998–2007.
Note. CVD = cardiovascular disease; Primary = elementary or primary school; secondary =
high-school diploma; tertiary = postsecondary education after high school including college
and university.
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FIGURE 3.
Annual percentage change in mortality rates at ages 30–64 years according to educational
level: Colombia, 1998–2007.
Note. Primary = elementary or primary school; secondary = high-school diploma; tertiary =
postsecondary education after high school including college and university. Annual percent
change comes from separate Poisson regression models for men and women that control for
age, year, and education.
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TABLE 2

Relative Disparities in Mortality by Educational Level as Measured by the Rate Ratio and the Relative Index
of Inequality for Men and Women Aged 25–64 Years: Colombia, 1998–2002 and 2003–2007

Men Women

1998–2002,
RR (95% CI)

2003–2007,
RR (95% CI)

1998–2002,
RR (95% CI)

2003–2007,
RR (95% CI)

All-cause mortality

Model 1a

  Tertiary education (Ref) 1.00 1.00 1.00 1.00

  Secondary education 1.80 (1.76, 1.84) 1.96 (1.91, 2.00) 1.63 (1.56, 1.70) 1.69 (1.64, 1.74)

  Primary education 2.41 (2.36, 2.47) 2.76 (2.68, 2.83) 2.43 (2.34, 2.52) 2.56 (2.49, 2.63)

  Year 0.92 (0.91, 0.94) 0.97 (0.96, 0.99) 0.95 (0.93, 0.98) 0.99 (0.97, 1.01)

  Secondary × year 1.09 (1.07, 1.11) 1.00 (0.98, 1.02) 1.04 (1.02, 1.07) 0.99 (0.97, 1.01)

  Primary × year 1.11 (1.09, 1.13) 1.00 (0.99, 1.02) 1.04 (1.02, 1.07) 0.99 (0.97, 1.01)

Model 2

  Relative index of inequality 2.59 (2.52, 2.67) 3.07 (2.99, 3.15) 2.86 (2.77, 2.95) 3.12 (3.03, 3.21)

  Year 0.95 (0.94, 0.96) 0.96 (0.95, 0.97) 0.96 (0.95, 0.98) 0.97 (0.96, 0.99)

  Relative index of inequality × year 1.11 (1.09, 1.13) 1.01 (1.00, 1.03) 1.04 (1.02, 1.06) 1.00 (0.98, 1.02)

Cardiovascular disease mortality

Model 1a

  Tertiary education (Ref) 1.00 1.00 1.00 1.00

  Secondary education 1.47 (1.40, 1.54) 1.55 (1.47, 1.62) 1.73 (1.56, 1.90) 1.85 (1.69, 2.03)

  Primary education 1.70 (1.63, 1.78) 1.97 (1.88, 2.05) 2.76 (2.50, 3.05) 3.20 (2.96, 3.46)

  Year 0.91 (0.88, 0.96) 0.96 (0.92, 1.00) 0.91 (0.86, 0.97) 0.96 (0.91, 1.01)

  Secondary × year 1.06 (1.01, 1.11) 1.03 (0.99, 1.08) 1.06 (0.99, 1.12) 1.02 (0.97, 1.08)

  Primary × year 1.08 (1.03, 1.13) 1.03 (0.99, 1.08) 1.07 (1.01, 1.14) 1.02 (0.96, 1.07)

Model 2

  Relative index of inequality 1.75 (1.66, 1.84) 2.18 (2.07, 2.29) 3.33 (3.10, 3.59) 4.20 (3.94, 4.47)

  Year 0.92 (0.90, 0.95) 0.97 (0.95, 1.00) 0.92 (0.89, 0.95) 0.96 (0.93, 0.99)

  Relative index of inequality × year 1.09 (1.04, 1.14) 1.02 (0.98, 1.06) 1.07 (1.02, 1.12) 1.01 (0.96, 1.05)

Note. CI = confidence interval; RR = rate ratio. Table presents estimates that combine results from 5 databases generated by multiple imputation,
appropriately reflecting uncertainty attributable to missing values. Model 1 shows RRs from a model that includes as independent variables
educational level, age in 5-year age categories, a linear year trend, and an interaction between educational level and the linear year trend. Model 2
estimates the relative index of inequality based on a regression of mortality on the midpoint of the cumulative distribution of education, age in 5-
year age categories, a linear year trend, and an interaction between the midpoint of the cumulative distribution of education and the linear year
trend. It can be interpreted as the ratio of the mortality rate of those at the bottom of the distribution of education compared with the rate of those at
the top of the distribution of education. An increase in the relative index of inequality indicates an increase in disparities in mortality by educational

level.29

a
Primary = elementary or primary school; secondary = high-school diploma; tertiary = postsecondary education after high school including college

and university.
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