Educational gradients in all-cause mortality in two
cohorts in the Czech Republic during the early stage
of the postcommunist transition
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ABSTRACT

Objectives We investigated whether social gradient in
all-cause mortality in the Czech Republic changed during
the postcommunist transition by comparing two cohorts,
recruited before and after the political changes in 1989.
Methods Participants (aged 25-64 years) in two
population surveys (n=2530 in 1985, n=2294 in 1992)
were followed up for mortality for 15 years (291 and
281 deaths, respectively). Education was classified into
attainment categories and years of schooling (both
continuous and in tertiles). Cox regression was used

to estimate HR of death by educational indices in each
cohort over a 15-year follow-up.

Results All three educational variables were
significantly associated with reduced risk of death in
both cohorts when men and women were combined;
for example, the adjusted HRs of death in the highest
versus lowest tertile of years of schooling were 0.65
(95% C1 0.47 t0 0.89) in 1985 and 0.67 (95% CI 0.48
t0 0.93) in 1992. Adjustment for covariates attenuated
the gradients. In sex-specific analysis, the gradient was
more pronounced and statistically significant in men.
There were no significant interactions between cohort
and educational indices.

Conclusions The educational gradient in mortality

did not differ between the two cohorts (1985 vs 1992),
suggesting no major increase in educational inequality
during the early stage of postcommunist transition.
Further research is needed to understand trends in health
inequalities during socioeconomic transitions.

INTRODUCTION

The inverse association between educational attain-
ment and health, including all cause and cause-
specific mortality, has been long established.'™
However, the educational gradient differs over time
and between populations. For example, analysis
of official data from 22 European countries found
considerable differences in the magnitude of educa-
tional inequalities between countries.* This suggests
that sociopolitical context plays an important role
in shaping social inequalities in health.*?

A relatively recent example of rapid societal
change is the postcommunist transition in Central
and Eastern Europe and the former Soviet Union.
Macroeconomic data suggest a rapid increase in
income inequalities, reappearance of unemployment
and falls in living standards in the early stages of the
transition.® 7 With democratic reforms in Central
and Eastern Europe, the importance of education
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WHAT IS ALREADY KNOWN ON THIS SUBJECT

= Previous studies reported an increase in social
inequalities in mortality during the early stage
of postcommunist transition. However, there
has been less evidence from Central Europe,
especially based on individual-level (linked)
data. There has also been a lack of studies
assessing educational gradients for men and
women separately.

WHAT THIS STUDY ADDS

= Although the educational gradient in mortality
existed before as well as during the political
transition, there was no evidence for the
expected steeping of the gradient in our study.
Our results suggested that the educational
gradient in mortality was substantially stronger
among men than in women. Further research
is needed to understand trends in health
inequalities during socioeconomic transitions
emphasising the differential patterns between
sexes.

as a route to higher income rapidly increased,
contributing to increase in income inequality by
education.® Published studies suggest that social
inequalities in mortality in the former Soviet Union
and the Baltic countries increased considerably after
1990,” " but there is less evidence from Central
Europe, where the transition was less dramatic than
in the former Soviet Union. Geographical studies in
Hungary and the Czech Republic suggest increasing
socioeconomic inequality in mortality after 1990.'
Estimates based on official unlinked data on death
registration with census data in the Czech Republic
and the Baltic states also show a short-term increase
in all-cause mortality after 1990.""% In most
reports, the educational inequalities increased very
quickly, over only a few years. However, as most
of available studies used unlinked routine data,
the numerator-denominator bias makes them less
reliable.'®

In this paper, we analysed data from two Czech
cohorts using identical protocol established in 1985
and 1992 to assess changes in educational inequal-
ities using individual-level (ie, linked) data. We
hypothesised that the educational gradient would
become steeper in the later cohort and this would
be apparent in both men and women.
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METHODS

We used data from the 1985 and 1992 population studies
conducted as part of the WHO MONICA Project'” in a 1%
random age-sex-stratified sample of men and women aged 25-64
in of six Czech districts (more detail is available elsewhere'®). In
total, 2573 and 2353 participants were recruited in 1985 and
1992 (response rate 84% and 73%), respectively. Participants
with missing data on education, marital status and cardiovas-
cular risk factors were excluded, leaving 2530 and 2294, respec-
tively, in the analytical sample.

Education was assessed by two indices. First, educational
attainment was reported in categories, which were classified
into primary, secondary and university education. Second,
participants reported how many years they spent in education;
this information was used both as continuous variable (years of
schooling) and classified in tertiles by cohort. Covariates (poten-
tial confounders or mediators) included marital status (recoded
into binary variable married vs single/widowed/divorced), ever
smoking cigarettes (yes vs no), height (metres), body mass index
(BML, calculated as kg/m?), high-density lipoproteins cholesterol
(mmol/L), total cholesterol (mmol/L), high blood pressure (yes
vs no; greater than or equal to 140 mm Hg/90 mm Hg or current
treatment with antihypertensive medication).

Deaths among study participants were ascertained via linkage
with the national mortality register. For the present analysis, the
follow-up time was restricted to 15 years for each cohort (ie, until
31 December 2000 for the 1985 cohort and until 31 December
2007 for the 1992 cohort). Cox proportional hazard regression
was conducted to determine the association between education
and all-cause mortality in each cohort in both sexes combined
and separately for men and women. Age-adjusted models were
estimated first, followed by multivariable models adjusted for
covariates (age, BMI, height, cholesterol, high blood pressure,

smoking status and marital status). The HRs along with their
corresponding 95% Cls were estimated using Cox regression.
Terms of interaction between educational variables (one per
model) and cohort were fitted to assess whether the educational
gradient differed between cohorts. All analyses were performed
in Stata software (V.16.1).

RESULTS

The descriptive statistics of the characteristics of the combined
analytical sample and stratified by sex are reported in table 1.
Over 15-year follow-up, there were 291 deaths in the 1985 cohort
and 281 deaths in the 1992 cohorts. There were only minor
differences in covariates between the two cohorts. However,
the numbers and proportions of deaths during follow-up were
substantially lower in the 1992 vs the 1985 cohort.

Table 2 presents the age-adjusted and fully adjusted HRs
of all-cause mortality for both sexes combined and separately
for men and women. For both sexes combined, the gradient
in all-cause mortality by all educational indices was significant
in age-adjusted models in both cohorts. Each additional year
of schooling was associated with reduction in mortality risk
by 6% (HR 0.94, 95% CI 0.90 to 0.98) and 7% (HR 0.93,
95% CI10.90 to 0.97), respectively. After adjustment for covari-
ates, the HRs were attenuated and only the association of years
of schooling remained significant in both cohorts. When data
were analysed separately by sex, a clear educational and statis-
tically significant gradient was only seen in men. Crucially, the
gradients, in both sexes, were similar between the cohorts, and
there was no suggestion that the gradient became steeper in the
1992 cohort. None of the interactions between cohort and any
educational indicators were statistically significant (all p>0.35,
not shown).

Table 1 Descriptive characteristics of the analytical sample, stratified by sex and cohort
Men Women
1985 1992 1985 1992
No of individuals 1237 1111 1293 1183
Age group
25-34 24.4% (302) 21.8% (242) 24.7% (319) 21.6% (256)
35-44 23.4% (289) 31.3% (348) 26.1% (337) 29.5% (349)
45-54 27.2% (336) 27.1% (301) 25.7% (332) 25.9% (306)
55-64 25.1% (310) 19.8% (220) 23.6% (305) 23.0% (272)
Marital status
Married 86.3% (1,068) 83.7% (930) 81.9% (1,059) 80.5% (952)
Single/widowed/divorced 13.7% (169) 16.3% (181) 18.1% (234) 19.5% (231)
Education
Primary 63.3% (783) 61.8% (686) 68.1% (880) 58.7% (694)
Secondary 28.1% (347) 26.8% (298) 27.2% (351) 35.5% (420)
University 8.7% (107) 11.4% (127) 4.8% (62) 5.8% (69)
Years of schooling
(Median) 12 1" 1" 1"
High blood pressure 25.9% (320) 25.7% (286) 33.3% (430) 26.6% (315)
Ever smoking 44.8% (554) 39.5% (439) 23.8% (308) 23.3% (275)
BMI mean (SD) 27.04 (3.92) 27.09 (3.83) 27.31(5.37) 26.87 (5.36)
Cholesterol mean (SD) 6.21 (1.28) 5.98 (1.28) 6.17 (1.24) 5.95 (1.28)
Height mean (SD) 1.74 (0.07) 1.75 (0.07) 1.61 (0.06) 1.62 (0.06)
HDL mean (SD) 1.35 (0.36) 1.32 (0.36) 1.57 (0.36) 1.52 (0.38)
Deaths during follow-up 15.0% (185) 16.5% (183) 8.2% (106) 8.3% (98)

BMI, body mass index; HDL, high-density lipoproteins.
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Table 2 Age-adjusted and fully adjusted HRs for mortality by educational variables in 1985 and 1992

Age adjusted Fully adjusted*
1985 1992 1985 1992
Men and women combined (also adjusted for sex)
Education
Primary 1.0 1.0 1.0 1.0
Secondary 0.78 (0.59-1.04) 0.81 (0.62-1.07) 0.81 (0.60-1.08) 0.88 (0.66-1.17)
University 0.61 (0.35-1.05) 0.70 (0.44-1.10) 0.67 (0.39-1.17) 0.80 (0.51-1.27)

P value for trend
Years of schooling

Lowest tertile
Medium

Highest tertile

P value for trend

Years of schooling (per year)

P value

Men
Education
Primary
Secondary
University
P value for trend
Years of schooling

Lowest tertile
Medium

Highest tertile

P value for trend

Years of schooling (per year)

P value

Women

Education
Primary
Secondary

University
P value for trend

Years of schooling

Lowest tertile
Medium

Highest tertile

P value for trend

Years of schooling (per year)

P value

0.021

1.0

0.92 (0.70-1.19)
0.65 (0.47-0.89)
0.011

0.94 (0.90-0.98)
0.007

1.0

0.78 (0.55-1.10)
0.57 (0.31-1.06)
0.033

1.0

0.94 (0.67-1.30)
0.61 (0.42-0.90)
0.016

0.94 (0.89-0.99)
0.012

1.0

0.83 (0.49-1.39)
0.80 (0.25-2.54)
0.453

1.0

0.85 (0.55-1.32)
0.82 (0.46-1.48)
0.408

0.96 (0.89-1.05)
0.367

0.051

1.0

0.88 (0.65-1.20)
0.67 (0.48-0.93)
0.018

0.93 (0.90-0.97)
0.001

1.0

0.84 (0.60-1.18)
0.67 (0.40-1.12)
0.088

1.0

0.83 (0.56-1.23)
0.66 (0.45-0.95)
0.025

0.92 (0.88-0.97)
0.001

1.0

0.76 (0.47-1.23)
0.86 (0.31-2.36)
0.331

1.0

0.96 (0.60-1.55)
0.69 (0.33-1.44)
0.376

0.97 (0.89-1.05)
0.460

0.058

1.0

0.94 (0.72-1.23)
0.71 (0.51-0.99)
0.055

0.95 (0.91-0.99)
0.028

1.0

0.82 (0.58-1.16)
0.66 (0.35-1.22)
0.101

1.0

0.98 (0.70-1.37)
0.70 (0.47-1.03)
0.090

0.95 (0.91-1.00)
0.058

1.0

0.85 (0.50-1.45)
0.87 (0.27-2.80)
0.572

1.0

0.86 (0.55-1.34)
0.88 (0.48-1.62)
0.552

0.97 (0.89-1.06)
0.514

0.237

1.0

0.91 (0.67-1.23)
0.76 (0.55-1.07)
0.115

0.95 (0.91-0.99)
0.019

1.0

0.86 (0.61-1.22)
0.72 (0.43-1.20)
0.159

1.0

0.81 (0.55-1.20)
0.72 (0.49-1.05)
0.068

0.94 (0.89-0.98)
0.008

1.0

0.95 (0.58-1.55)
1.25 (0.45-3.49)
0.915

1.0

1.16 (0.71-1.90)
0.93 (0.44-1.98
0.890

1.01 (0.93-1.10)
0.799

*Adjusted for age, BMI, height, cholesterol, high blood pressure, smoking and marital status.

BMI, body mass index.

DISCUSSION

The main objective of these analyses was to compare educational
gradients in all-cause mortality in two cohorts established before and
during the early stage of the postcommunist transformation in the
Czech Republic. The results suggested that (1) educational gradi-
ents in mortality existed in both cohorts, (2) were pronounced only
among men and (3) the gradients were of similar magnitude in both
cohorts. These data, therefore, do not suggest a major divergence of
educational inequalities of mortality.

Some of findings are unexpected. First, the lack of clear gradient
in women was surprising, since official statistics have shown educa-
tional inequality in mortality in both sexes."* The stronger association
between educational level and mortality in men might be explained
by differences in health behaviours among women and men (men

are more likely to follow unhealthy and risky behaviours) that might
consequently contribute to higher specific mortality to, for example,
accidents, lung cancer."’

Second, since the majority of published reports suggest
an increase in social inequalities in mortality during the early
stage of postcommunist transition,” > we expected a similar
pattern in these cohorts. However, there was no evidence for the
expected steeping of the gradient.

Previous studies in the Czech Republic generally found
increase in educational differences in all-cause mortality, despite
some exceptions between particular categories for both men and
women.'? " 2 Increasing inequalities were also reported in Poland,
Hungary, Estonia and Lithuania from 1990 to 2000, Russia from
1989 to 2001 and Estonia from 1989 to 2000,"* indicating that the
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postcommunist transition exacerbated educational discrepancies in
mortality.

One potential explanation for the unexpected findings may be
the numerator—denominator bias. A previous study conducted
in Lithuania between 2001 and 2004 revealed an overestima-
tion of the educational gradient in mortality in studies that
used unlinked data rather than linked data, due to overreported
deaths in lower educational groups and underreporting for those
with higher education,'® although the extent of the bias seems
dependent on the context and country.'® In addition, at least one
prospective cohort®’ and one retrospective study,” both using
individually linked observations, reported diverging mortality
inequalities in Russia, suggesting that numerator—denominator
bias is not a major alternative explanation.

A second potential reason for our findings may be the lower
response rate in the 1992 vs 1985 survey (73% vs 84%). Given
this large difference and the literature consistently suggesting
that non-respondents tend to be less healthy and more likely
socially disadvantaged than respondents, the potential changes
in educational gradients between cohorts may be obscured by
differential response rate.”” Lower response rate may partly
explain the lower mortality risk in the second study.

Third, the observation period between the two compared
cohorts (1985 vs 1992) might be too short (7years) to distin-
guish the potential effect of the educational gradient in all-cause
mortality. In order to obtain a sufficient number of deaths for
the analysis, a 15-year follow-up was used and the calendar
years during follow-up, therefore, partially overlap between the
cohorts. Restricting analyses to non-overlapping first 5 years of
follow-up reduced the number of deaths in the analyses and did
not provide any additional clues.

Finally, the sample sizes of the cohorts may have been too
small to detect modest changes in associations between educa-
tion and mortality between cohorts; this is particularly pertinent
to women, among whom the lower deaths rates further reduce
the statistical power.

CONCLUSION

Notwithstanding these limitations, this first individual-based
prospective investigation outside of the former Soviet Union
found evidence for an educational gradient in mortality in both
cohorts, which was largely driven by gradients among men.
However, we found no evidence for the gradient becoming
steeper in the later cohort. These findings warrant re-exam-
ination of this important question in larger individual-based
datasets.

Correction notice This article has been corrected since it first published. In the
last row of table 1, 'Deaths during follow-up’, data has been corrected. This data has
also been corrected in the main text.

Acknowledgements We are most grateful for all the participants involved in the
MONICA project and the study members who participated in data collection. Authors
thank the RECETOX Research Infrastructure (No LM2018121) financed by the
Ministry of Education, Youth and Sports, and the Operational Programme Research,
Development and Education (the CETOCOEN EXCELLENCE project No. CZ.02.1.01/0.
0/0.0/17_043/0009632) for supportive background.

Contributors CP and AD contributed equally to this paper. CP, MB and HP
conceived and designed the study. CP and WL analysed the data, and CP wrote
the first draft of the manuscript. AD and MB contributed to writing of drafts. JH
contributed on designing of the overall research study. All authors provided critical
revisions. All authors read and approved the submitted manuscript.

Funding This work has received funding from the European Union’s Horizon
2020 research and innovation programme under grant agreement No 857487, No
857560 and No 857340 and funding from the Czech NPO Systemic Risk Institute,
No LX22NP0O5101. The Czech MONICA study was funded by the Czech Ministry of
Health through institutional support for the Institute of Clinical and Experimental

Medicine. This publication reflects only the author’s view and the European
Commission is not responsible for any use that may be made of the information it
contains.

Competing interests None declared.
Patient consent for publication Not applicable.

Ethics approval The study was approved by the ethics committee at University
College London, UK (99/0081) and the ethics committee at Institute of Clinical and
Experimental Medicine, Prague, Czech Republic.

Provenance and peer review Not commissioned; externally peer reviewed.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the use
is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iDs
Andrea Dalecka http://orcid.org/0000-0002-9808-7444
Jaroslav Hubacek http://orcid.org/0000-0001-6537-1353

REFERENCES

1 Lleras-Muney A. The relationship between education and adult mortality in the United
States. Rev Econ Stud 2005;72:189-221.

2 Son M, Armstrong B, Choi J-M, et al. Relation of occupational class and education
with mortality in Korea. J Epidemiol Community Health 2002;56:798-9.

3 Kohler IV, Martikainen P, Smith KP, et a/. Educational differences in all-cause mortality
by marital status - Evidence from Bulgaria, Finland and the United States. Demogr Res
2008;19:2011-42 https://doi.org/10.4054/demres.2008.19.60

4 Mackenbach JP, Stirbu I, Roskam A-JR, et al. Socioeconomic inequalities in health in
22 European countries. N Engl J Med 2008;358:2468-81.

5 Montez JK, Berkman LF. Trends in the educational gradient of mortality among US
adults aged 45 to 84 years: bringing regional context into the explanation. Am J
Public Health 2014;104:e82-90.

6 UNICEF. A decade of transition. In: Reg Monit Rep. 8, 2001.

7 Cornia GA. Labor market shocks, psychosocial stress and the transition’s mortality
crisis. Research in Progress 1996;4:Helsinki: UNU/WIDER.

8 Simonova N, Antonowicz D. Czech and polish higher education - from bureaucracy to
market competition. Czech Sociol Rev 2006;42:517-36.

9 Murphy M, Bobak M, Nicholson A, et al. The widening gap in mortality by educational
level in the Russian federation, 1980-2001. Am J Public Health 2006;96:1293-9.

10 Shkolnikov VM, Jasilionis D, Andreev EM, et al. Linked versus unlinked estimates of
mortality and length of life by education and marital status: evidence from the first
record linkage study in Lithuania. Soc Sci Med 2007;64:1392—-406.

11 Shkolnikov VM, Andreev EM, Jasilionis D, et al. The changing relation between
education and life expectancy in central and eastern Europe in the 1990s. J Epidemiol
Community Health 2006;60:875-81.

12 Dzurova D. Mortality differentials in the Czech Republic during the post-1989 socio-
political transformation. Health Place 2000;6:351-62.

13 Rychtarikova J. The case of the Czech Republic. determinants of the recent favourable
turnover in mortality. Demogr Res 2004:105-38.

14 Leinsalu M, Vagero D, Estonia KAE. Enormous increase in mortality differences by
education. Int J Epidemiol 1989;2003:1081-7.

15 Leinsalu M, Stirbu |, Vageré D, et al. Educational inequalities in mortality in four
eastern European countries: divergence in trends during the post-communist
transition from 1990 to 2000. Int J Epidemiol 2009;38:512-25.

16 Jasilionis D, Leinsalu M. Changing effect of the numerator-denominator bias in
unlinked data on mortality differentials by education: evidence from Estonia 2000-
2015. J Epidemiol Community Health 2021;75:88-91.

17 World Health Organization. The world Health organization MONICA Project
(monitoring trends and determinants in cardiovascular disease): a major international
collaboration. J Clin Epidemiol 1988;41:105-14.

18 Bobak M, Skodova Z, Pisa Z, et al. Political changes and trends in cardiovascular
risk factors in the Czech Republic, 1985-92. J Epidemiol Community Health
1997,51:272-7.

19 Luy M, Di Giulio P. The impact of health behaviors and life quality on gender
differences in mortality. Germany Max Planck Inst Demogr Res; 2006: 0-36.

20 Dragano N, Wahrendorf M. Consistent health inequalities in Europe: the importance
of labour market disadvantage. J Epidemiol Community Health 2014;68:293-4.

21 Plavinski SL, Plavinskaya SI, Klimov AN. Social factors and increase in mortality in
Russia in the 1990s: prospective cohort study. BMJ 2003;326:1240-2.

22 Cheung KL, ten Klooster PM, Smit C, et al. The impact of non-response bias due
to sampling in public health studies: a comparison of voluntary versus mandatory
recruitment in a Dutch national survey on adolescent health. BMC Public Health
2017;17:276.

4

Pauls C, et al. J Epidemiol Community Health 2022;0:1-4. doi:10.1136/jech-2022-218986

1ybuAdoo
Ag pe1s101d s8a1n18s Arelqi] TON e 220z ‘€2 dunr uo /wod fwg yasly:dny woly pepeojumoq "2z0g 8unt TZ U0 9868TZ-2202-Yo8l/9ETT 0T Se paysiignd 1s1y :yieaH Alunwwod jolwspld3 ¢


http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0002-9808-7444
http://orcid.org/0000-0001-6537-1353
http://dx.doi.org/10.1111/0034-6527.00329
http://dx.doi.org/10.1136/jech.56.10.798
http://dx.doi.org/10.4054/demres.2008.19.60
https://doi.org/10.4054/demres.2008.19.60
http://dx.doi.org/10.1056/NEJMsa0707519
http://dx.doi.org/10.2105/AJPH.2013.301526
http://dx.doi.org/10.2105/AJPH.2013.301526
http://dx.doi.org/10.13060/00380288.2006.42.3.03
http://dx.doi.org/10.2105/AJPH.2004.056929
http://dx.doi.org/10.1016/j.socscimed.2006.11.014
http://dx.doi.org/10.1136/jech.2005.044719
http://dx.doi.org/10.1136/jech.2005.044719
http://dx.doi.org/10.1016/S1353-8292(00)00016-2
http://dx.doi.org/10.4054/DemRes.2004.S2.5
http://dx.doi.org/10.1093/ije/dyg192
http://dx.doi.org/10.1093/ije/dyn248
http://dx.doi.org/10.1136/jech-2020-214487
http://dx.doi.org/10.1016/0895-4356(88)90084-4
http://dx.doi.org/10.1136/jech.51.3.272
http://dx.doi.org/10.1136/jech-2013-203655
http://dx.doi.org/10.1136/bmj.326.7401.1240
http://dx.doi.org/10.1186/s12889-017-4189-8
http://jech.bmj.com/

	Educational gradients in all-­cause mortality in two cohorts in the Czech Republic during the early stage of the postcommunist transition
	Abstract
	Introduction﻿﻿
	Methods
	Results
	Discussion
	Conclusion
	References


