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ABSTRACT

Objective To study the association of educational level
and risk of death from all causes, cardiovascular disease
(CVD) and cancer among Asian populations.

Design A pooled analysis of 15 population-based cohort
studies.

Setting and participants 694 434 Asian individuals
from 15 prospective cohorts within the Asia Cohort
Consortium.

Interventions None.

Main outcome measures HRs and 95% Cls for all-cause
mortality, as well as for CVD-specific mortality and cancer-
specific mortality.

Results A total of 694 434 participants (mean age at
baseline=53.2 years) were included in the analysis. During
a mean follow-up period of 12.5 years, 103023 deaths
were observed, among which 33939 were due to cancer
and 34645 were due to CVD. Higher educational levels
were significantly associated with lower risk of death
from all causes compared with a low educational level
(<primary education); HRs and 95% Cls for secondary
education, trade/technical education and >university
education were 0.88 (0.85 t0 0.92), 0.81 (0.73 to 0.90)
and 0.71 (0.63 to 0.80), respectively (p,,,,=0.002).
Similarly, HRs (95% Cls) were 0.93 (0.89 to 0.97), 0.86
(0.78 t0 0.94) and 0.81 (0.73 to 0.89) for cancer death,
and 0.88 (0.83 t0 0.93), 0.77 (0.66 to 0.91) and 0.67 (0.58
t0 0.77) for CVD death with increasing levels of education
(both p,., <0.01). The pattern of the association among
East Asians and South Asians was similar compared with
<primary education; HR (95% CI) for all-cause mortality
associated with >university education was 0.72 (0.63 to
0.81) among 539724 East Asians (Chinese, Japanese and
Korean) and 0.61 (0.54 to 0.69) among 154 710 South
Asians (Indians and Bangladeshis).

Conclusion Higher educational level was associated with
substantially lower risk of death among Asian populations.
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Strengths and limitations of this study

» This is the first and largest (=694 434) pooled anal-
ysis of Asians to evaluate the impact of educational
level on mortality in Asia.

» Our study is a pooling project of 15 prospective co-
hort studies from multiple countries with long-term
follow-up in the Asia Cohort Consortium (ACC).

» This analysis is based on high-quality individual data
collected from participating cohorts and harmonised
using a standardised process at ACC coordinating
centre.

» Our study revealed an inverse association of educa-
tional levels and risk of death in Asian populations; in
Asia, further studies examining the determinants of
educational inequalities in mortality are warranted.

INTRODUCTION

Research has demonstrated that socioeco-
nomic status (SES) has a significant impact on
individual health status in terms of mortality,
morbidity and disability.' > Educational attain-
mentis closely related to income, occupation,
access to medical care and lifestyle habits. As
a major determinant of SES, education has
been inversely associated with mortality, an
overall measure of health.”*

Several cohort analyses have examined the
relationship between education and mortality
in the Western countries. For example, an
analysis of two large American Cancer Society
cohorts followed from 1959 to 1996 showed
that low educational level was associated with
higher all-cause death rates.” The follow-up of
the US National Longitudinal Mortality Study
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(2002-2011) found that both all-cause and cause-spe-
cific mortalities were higher among the least-educated
than among the most-educated groups, and educational
disparities in mortality were more apparent in those
aged 50-64 years than those aged 66-79 years.” In the
Europe, the inverse association between education with
total and cause-specific mortality was also supported by
a stud;f of eight western European populations (1990—
1997).” Leinsalu et al’ examined the educational inequal-
ities in mortality in four Eastern European countries
(1990-2000); they found mortality rates decreased in
similar patterns in all educational groups in Poland and
Hungary, whereas in Estonia and Lithuania, mortality
rates decreased among the highly educated group but
increased among those with low education. Generally,
over the past two decades, mortality has declined substan-
tially in lower socioeconomic groups in most Euro-
pean countries; however, relative mortality inequalities
widened because the declines were less marked in lower
socioeconomic populations.”

In Asia, however, relatively few studies have assessed
the education/mortality relationship among popula-
tions in this area. Further, such investigations were previ-
ously conducted only among one single country or area,
such as South Koreal,10 the city of Wuhan in China,11
Japan'*" and India."* Based on the information from the
UNESCO Institute for Statistics (http://data.uis.unesco.
org), compared with European countries and the USA,
mean years of schooling and higher education rates are
relatively lower whereas disease and death burdens are
relatively higher in Asian countries.'"™™” Therefore, in
this current study, we seek to examine the association of
education and mortality in combined Asian populations
by using pooled data from 15 prospective cohort studies
in the Asia Cohort Consortium (ACC). The large sample
size of this pooled analysis provided a strong statistical
power to quantify the impact of educational levels on
all-cause and major cause-specific mortalities in Asia.

METHODS

Study population

Our study is a pooling project of prospective cohort
studies in the ACC, a collaborative effort committed to
studying the aetiology of diseases in Asian populations.

Asia Cohort Consortium

[ Data harmonization

v

15 cohorts with
education information

Exclusions: subjects without
complete information on
educational level (n = 31,036), vital
status (n = 1,347), baseline age (n =
3,947), or follow-up time (n = 90)

694,434 subjects
were included

The ACC includes more than 20 cohorts representing
Japan, China, South Korea, India, Taiwan, Bangladesh
and Singapore. Cohorts were identified through a system-
atic search of the literature in early 2008, followed by
a survey sent to each cohort to assess data availability.
Details of the ACC and each participating cohorts have
been presented elsewhere.'® 'Y A total of 15 cohorts had
collected information about educational attainment and
therefore have been included in this pooled analysis.
Individual data from participating cohorts was collected
and harmonised for the statistical analysis. This study was
approved by the ethics committees of each individual
cohort study and by the institutional review board of
the ACC coordinating centre (Fred Hutchinson Cancer
Research Center, Seattle, USA; National Cancer Center,
Tokyo, Japan).

Patient and public involvement
Patients or public were not involved in this study.

Data harmonisation

Relevant data from each of the participating cohorts were
transferred and harmonised at the ACC coordinating
centre. Harmonisation involved several rounds of discus-
sions to ensure that variables were correctly interpreted
and extracted. Data were checked for illogical or missing
values, and queries were sent back for clarification. The
distributions of individual variables were explored to
identify false or implausible values. All personal identi-
fiers were removed, but study-specific ID numbers were
retained to facilitate referral of all queries to the indi-
vidual cohort.

Education level and outcome measurements

We excluded from our analysis participants without
complete information on educational level (n=31036),
vital status (n=1347), baseline age (n=3947) or follow-up
time (n=90). After these exclusions, 694 434 subjects from
the 15 participating cohorts were included, among whom
539724 were East Asians (Chinese (including cohorts
from mainland China, Taiwan, Singapore), Japanese and
Koreans) and 154710 were South Asians (Indians and
Bangladeshis). Among all included subjects, 344 702 were
men and 349 732 were women (figure 1).

Information about completed education was collected
by each cohort through questionnaire and harmonised
into the following groups: <primary education (ie, no
formal education or completed only primary education),
secondary education (ie, high school education), tech-
nical/trade education (ie, associate degree) and =univer-
sity education (ie, undergraduate or graduate education).
Data on all-cause and cause-specific mortality were ascer-
tained through linkage to death certificate data or active
follow-up. The diagnosis of cause-specific mortality was
made according to the International Classification of
Diseases, 9th or 10th Revision (ICD-9 or ICD-10): all
cancer (ICD-9 codes: 140-208; ICD-10 codes: C00-C97),

Figure 1 Flowchart of Asian individuals eligible for inclusion
in the study.
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cardiovascular diseases (CVDs) (ICD-9 codes: 390-459;
ICD-10 codes: 100-199).

Statistical analysis

Cox proportional hazards regression models were utilised
to estimate HRs and 95% CIs for the association between
educational level and the risk of death, with ‘<primary
education’ as the reference group for the estimation.
The ages of the subjects when they entered and exited
the cohort were used to define the time scale in the Cox
models. The entry time was defined as age at the baseline
interview, and the exit time was defined as age at death or
last follow-up, whichever occurred earlier.

We built up two models: the crude model, adjusted only
for baseline age and gender; and the multivariable-ad-
justed model, which was further adjusted for other poten-
tial confounders, including residential location (urban,
rural), marital status (single, married, widowed/separated/
divorced), body mass index (BMI) (underweight, normal,
overweight, obese), smoking status (never, ever), alcohol
drinking status (never, ever) and physical activity (<1 hour/
week, 1-2hours/week, 3-4hours/week, >bhours/
week). Cox models were performed for each cohort,
and random-effects meta-analyses were conducted to
summarise results across cohorts. In all models, the impact
of educational level on the risk of death was assumed to
be cohortspecific.” We assumed that the log-HRs associ-
ated with education level had a fixed-effect component
that was common to all cohorts within each country and a
random effect that was cohort-specific. The random effects
for log-HRs were assumed to be normally distributed, with
mean zero; namely, we assumed that f 4, the estimated
log-HR for the jth educational level in an ith cohort follows
the distribution £ ~N (6}, & z] +77j), where o%ijis the with-
in-study variance of f'ijand 7*j is the between-cohort vari-
ance of £, as estimated from the Cox regression model.”! **

We also conducted stratified analyses by the covariates
described above and assessed statistical significance of inter-
action using the Wald test for cross-product terms of covari-
ates and education in the Cox models adjusted for other
confounding factors. Cox model estimation for each cohort
was performed using the PHREG procedure in SAS, V.9.4
(SAS Institute). The meta-analysis estimation was performed
using STATA, V.14.0 (StataCorp LP). All tests were two-sided,
and p<0.05 was considered statistically significant.

RESULTS

After exclusions, a total of 694434 participants were
included in the 15 participating cohorts; half (49.6%) were
women. Nearly half (50.2%) of study participants received
no formal education or completed only primary educa-
tion. Approximately 9% of study participants had received
university or higher degrees at baseline. Our analysis
included 103023 deaths during a mean follow-up period of
12.5 years, among which 33939 (33.0%) were from cancer,
34645 (33.6%) were from CVD and the remaining 34439

(33.4%) were from other causes. Selected characteristics of
cohorts included in the present study are listed in table 1.

We found inverse associations of education levels with
all-cause mortality among our total population as well as
populations from different countries or regions (table 2).
When adjusted for age, sex, residential location, marital
status, BMI, smoking, alcohol drinking status and phys-
ical activity, HRs for mortality were slightly attenuated
compared with crude models (age- and sex-adjusted only),
but remained statistically significant. No substantial differ-
ence was observed between the two models in terms of the
pattern of the association. Among all combined cohorts,
higher education level was significantly associated with
lower risk of death from all causes; compared with <primary
education, multivariable-adjusted HRs and 95% ClIs for
secondary education, trade/technical education and
2university education were 0.88 (0.85 to 0.92), 0.81 (0.73
to 0.90) and 0.71 (0.63 to 0.80), respectively (p, . .=0.002).
The pattern of association among East Asians and South
Asians appeared similar; regarding all-cause mortality
compared with <primary education, multivariable-adjusted
HRs and 95% CIs for 2university education was 0.72 (0.63
to 0.81) among 539724 East Asians (Chinese, Japanese
and Korean) and 0.61 (0.54 to 0.69) among 154710 South
Asians (Indians and Bangladeshis).

A similar pattern of association was observed for cause-spe-
cific mortality due to CVD and cancer, while the strength
of the inverse association was weaker for deaths due to
cancer than those due to CVD and all causes (table 3).
Compared with low educational level (ie, <primary educa-
tion), higher educational level was significantly associated
with lower cancer-specific mortality (multivariable-adjusted
HR (95% CI) for secondary education=0.93 (0.89 to 0.97),
for trade/technical education=0.86 (0.78 to 0.94) and for
>university degree=0.81 (0.73 to 0.89), p,_ . =0.006), as well
as lower CVD-specific mortality (multivariable-adjusted
HR (95% CI) for secondary education=0.88 (0.83 to 0.93),
for trade/technical education=0.77 (0.66 to 0.91) and for
>university degree=0.67 (0.58 to 0.77), p  =0.002). As
shown in table 3, the significant gradient of the inverse
association between education and cancer/CVD-specific
mortality also appeared in the East Asian population-only
analysis (p<0.05). In South Asians, compared with the
reference group (ie, <primary education), individuals with
Zuniversity education had significantly lower risk of death
from CVD (p<0.05). The association between education
and cancer-specific mortality was not statistically significant
among South Asians probably due to the small numbers of
deaths across different educational groups among South
Asians.

We further examined the association between educa-
tional levels and risk of death due to all causes strati-
fied by covariates (online supplementary table 1). We
observed statistically significant effect modifications by
age, gender, residential location, marital status, physical
activity, smoking and alcohol consumption status on the
association between education and all-cause mortality (p
for interactions <0.01). However, for all covariates except

Yang K, et al. BMJ Open 2019;9:€026225. doi:10.1136/bmjopen-2018-026225

3

"1ybBuAdoa Aq paroslold 1sanb Aq 0z0z ‘8T Jequiardas uo jwod fwg uadolway/:dny wouy papeojumoq "6T0Z 1SNBNY 2z Uo GZ2920-8T02-uadolwa/oeTT 0T Se paysignd 1sii :uado NG


https://dx.doi.org/10.1136/bmjopen-2018-026225
http://bmjopen.bmj.com/

BMJ Open: first published as 10.1136/bmjopen-2018-026225 on 22 August 2019. Downloaded from http://bmjopen.bmj.com/ on September 18, 2020 by guest. Protected by copyright.

‘Apn1s eweAeye| ‘ewekese] ‘HoyoD Jeoue) afe|\ |nodS ‘|NIN0aS (ApniS yieaH s,uswop leybueys ‘SHAMS ‘Apnis yiesH s,usiy leybueys ‘SHINS ApniS Moyod leybueys ‘SOS ApNiS yyesH asauly) aiodebuls ‘SHOS
‘“Apnig Hoyo) soueinsu| yiesH [euoieN BesyQ ‘Mesyo Apnis poyo) requiny ‘requiniy ‘Hoyo 16eAIN ‘1BeAiy HoyoD Apnis ueds ey ‘SST (Apnis eajoedsoid paseg-iejua) yyesH olignd ueder ‘OHdr ‘Apnis uoyod
aAljeloge|jo) uedep ‘OOYr ‘ysepe|Bueg Apnig [euipniiBuoT olussly o} s10843 yHesH ‘STvaH ‘Apnis diysumol-om| J03DVH 3sH aseasi( Je|ndsepolped ‘S1OV4dND 108lold Buiussiog Jedoue) paseq-AHunwwo) 4dsogo
'SISA[BUB WOJ) POPN[OXS 8J9M SBSNEBD UMOUMUN WOJ) palp oym sjuedioiped

'sieak 0| pabe a|doad g pue sieak /| pabe ajdoad z| ‘syuedioiped |je Buowe ‘papnjoxa alom awil dn-moj|o) Jo a6k auljeseq ‘Sniels [BHIA |9A8] [BUOIIEONPS UO UOIBWIOUI 8189|dWwod Inoyym sjuedioiped

(0ce) (971e) (c09)

('ee) 6ev e 6c6¢e€ (9'e€) Gv9ve (8'71L) €20€0L (2°8) #7009 (5'6) €€199 €8261¢ v268ve  (LOL-Z1)2S (L0l)2es 9’67 G2l 9002-€96} ¥E¥ 769 [e30L

(lev)ege  (ggLsel  (e1v) L9¢ (9°2) 888 - (012 (8¥2) Siee  (ev2) S0.8 (G2-21)9¢ (101 L'2€ LG €2l 2002-000C ZE€LLL STvaH
ysepe|bueg

(S°2v) 2vey (2°8) 262  (8°e¥) 800T (79) vi6  (S¥) 92v9 - (L0€)806¢r (8'79) 6£926 (86-ge) 67 (L°L1) S0S 6°0Y 2S /e6lL-l66L €62Vl requiniy
eipu|

(9°22) 1v2  (2ss)eey  (2L1) ¥SL (9 ¥68 (9°€9) €82 - (g'sp) 2229 (01 eet (cs-s2) 6  (29) z6r 0 9'GlL €661-¢66l L69EL INInoeg
B2J0Y{ JO dl|gnday

(coe)gz68 (1°22) ¥€/9 (2'9¢)60L6 (8°19)8I8¥C (€°LL) ¥EVS - (0ev) 50902 (L°gv) 68812 (66-61) IS (9€h) L'2s 6'6S 2 €661-€96L 8261V SST

(52¢) 6222 (262) 1221 (e€8) 9202  (5'61)9209  (9°2) e9ge - (062 cLo6 (r'e9)oes6l  (L0L-S€)SS  (8'2l) 6°GS A2 9¢el 2661 90Lle  ewekexel

(gze) tvve  (e798) ¥S9e  (c'ee) eeve (091 2152 (02)eve  (g9) 109z (1'28) 090SL (#°09) 28£82 (0s-0v) 19 (01 L'09 9'1LS 80l G661l  0669% Mesyo

(992) 1eel  (rov)eSsez  (L22)9/ek (2119805  (£'€) 9291  (6°6) LvLy (8'92) 1S9 LL (0°09) LOL9Z (r9-ov)2zs  (9°2) 0°2s (e 29l 066l G2Sey 1BeAIN

(cze) ozl (G'Lv) vrie  (e92) 8eLlL (¢91)8099  (L¥)1e6lL  (89)eSle (€9¢) L9L¥L (22S)8rele (65-0v) 05 (6°G) G617 12 I 2661-066L 2690V OHdr

(6'1€) 960 (c'28) 019  (0°L€) LLOE (6¢h) 2126 (e€)leez  (6'6) 8169 (8°92) #2281 (0°09) 826 L (62-0v)85 (001 ¥°2S 985 G2l 066L-886L |S669 o0vr
uedep

(6'82) £80¢ (v'9¢€) 288¢ (L'v€)80.6 (6'91) 2890k  (9'1)v2oL  (g€)ecee (L'€e) Leovl (8'L2) 6LEGY (es-e¥) 95  (0°8) 599 8'GS G'LL 666/-€66l /¥2E9 SHOS
ajodebuig

(69v) 286 (r'92)8le  (£'92) OZe (091 sz (S¥1) Sv. - (g6¢) Leoz  (09v) 99¢2 (c6-81) 8y (9'S1) G'Lv 6'9S 67l €66L-066L LS S10V4an0

(cev)96LL (99¢) oL (202) 855 (911 2922 (e9)es6L  (0°G1)09ge  (8'¢k) 6228 (0°€9) 86671 (99-62)8%  (0°01) €'2¥ L'6% 2'GlL 266l-166L 018€EC ds0480
uemie]

(992) ezel  (968) ¥261  (8°€€) 9891 (522)e86y (8'81)Soye  (6°G) 2901  (8'9) 2/¥8  (5°82) 951G (9/-6¢) 95 (29) €68 0 €9l 6861-986+ 0018l SOS

(rge) evel (L'ev)6lee (gge)oeve  (c0l) 1692 (9°€l) gLLoL (6'22) 06802 (0°2€) 28922 (9'L2) L8L9L (L-ov)os  (1'6) 9°2S 00k 67l 0002-966} SGc6¥. SHMS

(9¢2) 9z (r'ev)seee  (0'ee) 2Lt (68) ¥9e5 (2°c2) seevl (L'9g)8s81le (9'¢e) ¥ec0e  (L°9) ¥80¥% (G2-ov)es  (2'6) €SS 0 ¥'6  900¢-2002 L1909 SHINS
BUIYD pue|uie)\
(%) N) ((%) N) (%) N)  (%Aneriow) ((%) N) ((%) N) (%) N) (%) N)  Anus je obe Anus (%) sieaAdn juswioius syoslgns Hoyoo

PE1ViTe) Jaoue) and yreap # Ausianunz |esiuyod)}  Aiepuodes Aewnd s Jo (ebue.) je (gS) uswop\  -Mmojjo} Jo sajeq JO ON
/epeaL uelpa\ obe uespy ues\
(%) yreap jo asnen sashed ||V |9A3] uoneosnpy

spoyoo Bunedionied jo soisueloRIBYD PBlos|eS | dqel

)
7
o
3]
3]
®©
c
[
o

o

Yang K, et al. BMJ Open 2019;9:026225. doi:10.1136/bmjopen-2018-026225


http://bmjopen.bmj.com/

Open access

|I

"1ybuAdoa Aq parosiold 1sanb Aq 0z0z ‘8T Jequiardas uo jwod fwg uadolway/:dny wouy papeojumoq "6T0Z 1SNBNy 2z Uo GZ2920-8T02-uadolwa/oeTT 0T Se payshgnd 1sii :uado NG

Number Model 1 Model 2
Population Participants Deaths HR (95% CI) HR (95% CI)

<Primary education 348974 64948 1 1

Trade/technical education 66133 5195 0.76 (0.68 to 0.86) 0.81 (0.73 to0 0.90)

P for trend 0.002 0.002

<Primary education 25421 7227 1 1

Trade/technical education 43815 2702 0.64 (0.60 to 0.69) 0.69 (0.66 to 0.73)

P for trend <0.001 <0.001

<Primary education 17364 2777 1 1

Trade/technical education 3560 202 0.75 (0.64 to 0.87) 0.82 (0.70 to 0.95)

P for trend 0.03 0.08

<Primary education 45379 8810 1 1

Trade/technical education 2223 205 0.67 (0.58 to 0.76) 0.75 (0.65 to0 0.86)

P for trend 0.002 0.03

<Primary education 159333 38765 1 1

Trade/technical education 16418 2075 0.90 (0.81 to 1.00) 0.92 (0.82 to 1.02)

P for trend 0.47 0.36

<Primary education 133 17 1 1

Trade/technical education - - — _

P for trend <0.001 <0.001

<Primary education 92639 6663 1 1

Trade/technical education - - - _

P for trend <0.001 <0.001
<Primary education 8705 689 1 1
Continued
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Table 2 Continued

Number Model 1 Model 2
Population Participants Deaths HR (95% CI) HR (95% CI)
Secondary education 2915 188 0.83 (0.70 to 0.98) 0.92 (0.77 to 1.08)
Trade/technical education 117 11 0.92 (0.51 to 1.68) 1.15(0.63 to 2.10)
>University education = = = =
P for trend 0.73 0.47
East Asians
<Primary education 247630 57596 1 1
Secondary education 172460 24269 0.86 (0.82 to 0.91) 0.88 (0.84 to 0.93)
Trade/technical education 66016 5184 0.76 (0.67 to 0.86) 0.80 (0.72 to0 0.89)
>University education 53618 5939 0.70 (0.57 to 0.79) 0.72 (0.63 to 0.81)
P for trend 0.008 0.006
South Asians
<Primary education 101344 7352 1 1
Secondary education 46823 2383 0.83 (0.79 to 0.87) 0.89 (0.85 to 0.94)
Trade/technical education 117 11 0.92 (0.51 to 1.68) 1.15(0.63 t0 2.10)
>University education 6426 289 0.55 (0.48 to 0.61) 0.61 (0.54 to 0.69)

P for trend

0.02

0.03

Model 1: adjust for baseline age and sex.

Model 2: adjust for baseline age, sex, urban/rural residence, marital status, body mass index, smoking status, alcohol consumption status

and physical activity.

East Asians include participants from mainland China, Taiwan, Singapore, Republic of Korea and Japan; South Asians include participants

from India and Bangladesh.

residential location and marital status, we did not find
material differences among stratified groups in terms of
the risk estimates of education on total mortality, although
p value for interaction was statistically significant.

DISCUSSION

In this large (694 434) pooled analysis of Asian populations,
we found that higher educational level was associated with
a substantially reduced risk of death from all causes, CVD
and cancer. This inverse association presented a dose-re-
sponse pattern. The mortality disparity did not appear to
be explained solely by lifestyle factors such as the level of
physical activity, smoking and alcohol consumption. Our
study provides convincing evidence for the link between
education and risk of death in Asian populations.

Our findings in Asian populations are generally similar
to the results in studies carried out in Western countries.
Kitagawa and Hauser, using 1960 US death records and
census data, first examined the SES/mortality relation-
ship. They found not only that both men and women
with higher education have lower mortality rates and live
longer than those with lower education but also that there
is a significant gradient across the seven ordered catego-
ries of completed schooling.”” An additional 4years of
education lowered 5-year mortality by 1.8%, according to
the US National Bureau of Economic Research.** A low
level of education was also found to be associated with

increased all-cause mortality compared with high levels of
education in cohorts with type II diabetes® " and acute
coronary syndrorne.28 Recently, Mackenbach et al studied
the trends in health inequalities in 27 European countries
(1980-2014); they found that, in Western Europe, all-cause
mortality has declined steadily in both low-educated and
highly educated men and women; the trend in mortality
was generally stable in both education groups.*’ In Western
Europe, absolute inequalities have usually decreased due
to the larger absolute declines among the low-educated
groups, but relative inequalities have generally increased
because relative mortality declines were larger in the highly
educated.” However, since the 1990s, relative and absolute
inequalities in mortality have both increased in Eastern
Europe.®? The recent work by Mackenbach et al found that
mortality has also begun to decline among the low-edu-
cated population in Eastern European countries; absolute
inequalities in mortality have started to decrease as well.”
The inverse association between education and mortality
was also found among older people in low-income and
middle-income countries by a population-based cohort
study of 12373 people aged =65 years from Latin America,
China and India."” In 2014, Vathesatogkit ¢t al performed
and published the first meta-analysis of studies from Asia
on the association between SES and mortality.so Consistent
with our findings, they found overall that those with the
lowest level of education experienced a 1.4-fold higher risk
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CVD Cancer
Number of Model 1 Model 2 Number of Model 1 Model 2
Population deaths HR (95% CI) HR (95% Cl) deaths HR (95% Cl) HR (95% Cl)
<Primary education 22723 1 1 19465 1 1
Trade/technical 1478 0.73 (0.61 t0 0.88) 0.77 (0.66 to 0.91) 2322 0.81 (0.72t0 0.91) 0.86 (0.78 to 0.94)
education

P for trend 0.003 0.002 0.01 0.006

<Primary education 2700 1 1 2548 1 1

Trade/technical 729 0.56 (0.48 to 0.66) 0.61 (0.51t0 0.73) 1334 0.72 (0.57 t0 0.92) 0.79 (0.65 to 0.96)
education

P for trend <0.001 0.001 0.03 0.08

<Primary education 619 1 1 931 1 1

Trade/technical 33 0.71 (0.50 to 1.03) 0.77 (0.53 to 1.11) 81 0.78 (0.62 to 1.00) 0.84 (0.65 to 1.07)
education

P for trend 0.20 0.39 0.08 0.13

<Primary education 3079 1 1 3150 1 1
Trade/technical 80 0.79 (0.63 to 0.99) 0.87 (0.69 to 1.08) 75 0.62 (0.49t0 0.78) 0.71 (0.57 to 0.90)
education

P for trend <0.001 0.002 0.24 0.77

<Primary education 13187 1 1 12159 1 1

Trade/technical 632 0.90 (0.78 to 1.04) 0.92 (0.80 to 1.06) 830 0.93(0.84t0 1.02) 0.94 (0.85to 1.04)
education

P for trend 0.49 0.38 0.10 0.09

<Primary education 4 1 1 7 1 1

Trade/technical - - - - — -
education

P for trend 0.14 0.43 <0.001 0.002

<Primary education 2868 1 1 564 1 1
Continued
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Table 3 Continued

CVD Cancer
Number of Model 1 Model 2 Number of Model 1 Model 2
Population deaths HR (95% CI) HR (95% Cl) deaths HR (95% CI) HR (95% CI)
Trade/technical - - - - - -
education
>University education 153 0.67 (0.57 to 0.79) 0.68 (0.58 to 0.80) 33 0.77 (0.54 to 1.10) 0.92 (0.65 to 1.32)
P for trend <0.001 <0.001 0.48 0.70
Bangladesh
<Primary education 266 1 1 106 1 1
Secondary education 97 1.11 (0.88 to 1.41) 1.08 (0.84 to 1.38) 30 0.84 (0.56 to 1.26) 0.97 (0.63 to 1.47)
Trade/technical 4 0.88 (0.33 t0 2.38) 0.88 (0.32 to 2.38) 2 1.04 (0.26 to 4.24) 1.38 (0.33 to 5.69)
education
>University education = = = = = =
P for trend 0.65 0.68 0.76 0.63
East Asians
<Primary education 19589 1 1 18795 1 1
Secondary education 7475 0.84 (0.79 to 0.90) 0.87 (0.82 to 0.92) 9396 0.90 (0.86 to 0.95) 0.93 (0.89 to 0.97)
Trade/technical 1474 0.73 (0.61 t0 0.87) 0.77 (0.66 to 0.91) 2320 0.81 (0.72t0 0.91) 0.86 (0.78 to 0.94)
education
>University education 1732 0.62 (0.51 to 0.75) 0.67 (0.57 to 0.78) 2493 0.74 (0.64 t0 0.87) 0.80 (0.72 to 0.89)
P for trend 0.01 0.01 0.02 0.01
South Asians
<Primary education 3134 1 1 670 1 1
Secondary education 1084 0.97 (0.79 to 1.19) 0.95 (0.81 to 1.11) 230 0.87 (0.75t0 1.02) 0.99 (0.84 to 1.16)
Trade/technical 4 0.88 (0.33 t0 2.38) 0.88 (0.32 to 2.38) 2 1.04 (0.26 to 4.24) 1.38 (0.33 to 5.69)
education
>University education 153 0.67 (0.57 to 0.79) 0.68 (0.58 to 0.80) 83 0.77 (0.54 to 1.10)  0.92 (0.65 to 1.32)

P for trend

0.17

0.14

0.61

0.80

Model 1: adjust for baseline age and sex.

Model 2: adjust for baseline age, sex, urban/rural residence, marital status, body mass index, smoking status, alcohol consumption status and

physical activity.

East Asians include participants from mainland China, Taiwan, Singapore, Republic of Korea and Japan; South Asians include participants from India

and Bangladesh.
CVD, cardiovascular disease.

of mortality than the highest level of education (all cause:
RR=1.41, 95% CI=1.29 to 1.52; CVD: RR=1.66, 95% CI=1.23
to 2.25; cancer: RR=1.16, 95% CI=1.07 to 1.27). However,
we note that—unlike our pooled analysis—due to the
nature of a meta-analysis based only on reported estimates
from previous publications, the detailed educational levels
in the comparison groups were not specified in the study by
Vathesatogkit et al.”

Educational attainment may not have a strong causal
relationship with adult mortality. One nationwide quasi-ex-
periment was conducted to examine the causal effect of
education on mortality among 1.2million Swedes;” the
exposure was a l-year increase in compulsory schooling as
an educational reform implemented in Sweden from 1949
to 1962. No significant difference in all-cause mortality
between the experimental and control groups was found
during the entire follow-up (HR=0.98, 95% CI=0.95 to 1.01)
or among those aged <40years (HR=1.03, 95% CI=0.98 to

1.07). Risk of death from all causes in the experimental
group aged >40 years was lower than that in the control
group with marginally significant association (HR=0.96,
95% CI=0.93 to 0.99).”" Interestingly, utilising a longitu-
dinal dataset of Danish twins, Behrman et al found only
weak evidence of an association between educational level
and adult mortality among identical twin pairs who shared
both the same genetic background and similar childhood
social environments; but stronger evidence of the educa-
tion/mortality relationship was found among fraternal twin
pairs and unrelated individuals.*

Understanding the mechanisms by which educational
attainment influences death risk is highly important for
public policy making. There are several possible expla-
nations. On one hand, education may affect health
outcomes via people’s SES (eg, occupation, income,
wealth), social resources (eg, access to health informa-
tion and healthcare services), health-related behaviours
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(eg, smoking, alcohol consumption, dietary habits,
physical activity) and cognitive skills (eg, communica-
tion with physicians and nurses). On the other hand, a
person’s educational attainment can also act as a surro-
gate measurement for early-life factors such as parental
SES, physical and mental health, childhood environ-
ment and social context® 33; in other words, education
could lie on the pathway between those early-life factors
and health outcomes (eg, mortality). Education seems
to have an important latent effect on mortality into late
life, suggesting that the adverse effect of low educational
attainment and socioeconomic sequelae may accumulate
across the life course.™

Astudy of 17 European countries (1970-2010) indicated
that behavioural factors, including smoking and excessive
alcohol consumption, were important contributors to the
between-country variations in the magnitude of socioeco-
nomic inequalities in mortality.”® By comparing estimates
(ie, HRs) obtained from the crude model (age- and sex-
adjusted only) and the model further adjusted for each
modifiable covariate individually, we found that smoking
explained the most of the education—mortality associa-
tion in our pooled data. Tobacco smoking is associated
with a substantially increased risk of death among Asian
adults, accounting for approximately 2million deaths
in adults aged over 45 years throughout Asia in 2004."
Research has shown that smoking rates were higher
among lower-educated people in many countries and the
educational differences in smoking were more apparent
in younger population than older generations.”™ In our
current study, the inverse associations between education
and risk of death are significantin both never-smokers and
ever-smokers; the magnitude of the association is slightly
larger among those who never smoked (online supple-
mentary table 1). In a study of 14 European countries,
Gregoraci et al found that smoking-attributable mortality
was inversely associated with socioeconomic levels defined
by education and occupation in 2000-2004.* Though the
contribution of smoking to socioeconomic inequalities in
mortality has been reduced since 1990-2004, smoking
remains one of the most important intervention targets
for reducing health equalities in Europe.™ In Asian popu-
lations, further studies examining the determinants of
socioeconomic inequalities in mortality are warranted.

Our study has several strengths. First, this pooling
project is the first and largest study evaluating the educa-
tion/mortality relationship using combined Asian popu-
lations. Second, in contrast with a meta-analysis based
on data from previous publications, our pooled analysis
provides more accurate and reliable estimates by directly
utilising individual data with standardised exposure
measurement. Besides, the detailed covariate informa-
tion collected in these cohorts enables a careful control
for potential confounding and evaluation of effect modi-
fications. We also acknowledge some limitations. First,
because educational attainment data are self-reported
at baseline in each cohort, we cannot rule out the possi-
bility of misclassification. Additionally, there may be

heterogeneity in education level across cohorts. However,
we used a standardised harmonisation process on a
range of environmental variables, including education
level across 15 participating cohorts. Results presented
in tables 2 and 3 show the consistency of the association
between educational level and risk of death on a per-study
level, and the pooled risk estimate is similar to that found
in prior studies.” ** Thus, bias due to self-report and
heterogeneity in educational level is likely to be minimal.
Second, we also cannot completely rule out the possibility
that some participants might have had further education
during follow-up after baseline enrolment (mean age at
baseline=53.2 years). However, in Asian countries, pursuit
of further education among older adults is not as popular
as in Western countries. Thus, such missing information
seems less likely to affect our findings.

CONCLUSION

Despite the limitations mentioned above, our study
provides the best estimate of the impact of education
on all-cause as well as major cause-specific mortality in
Asian populations to date. Our findings may contribute
to better public policy decisions, especially regarding
increasing educational opportunities for Asian popula-
tions as a powerful intervention to reduce both morbidity
and mortality.
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