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Qatar 50-4 389 187 5 4 4 -2:0% -7-4% -4-3%
(3620 69-8) (29-6t050-1) (12:4t0272) (4t07) (3to6) (3to6) (-5-1t01.0) (-122t0-2.8) (-6:6t0-2:2)
SaudiArabia 157 93 70 88 49 38 -3-8% -2.8% 34%
(91t025.2) (76t011-1) (52t09-2) (51t0 140) (41t0 59) (2810 50) (-79t006)  (-62t005) (-5-8t0-0-8)
Sudan 407-8 3565 2752 3558 4193 3528 -11% ~2:6% -1.8%
(304-2t0502:9) (2376t0478-8) (1811t03775)  (2654t0 4388) (2794 to 5631) (23220 4840) (-3-5to1-1) (-54t002) (-33t0-02)
Syria 1205 64-8 441 513 309 229 -47% -3.9% ~4-4%
(86-:0t0158-8)  (49-1t0 80:9) (31-1t0 60:3) (36710 676) (235 t0 386) (161t0 313) (77t0-1.8)  (-77t001) (-6:4to-2-4)
Tunisia 622 285 19-0 124 48 35 -6:1% -41% -52%
(44-4t0 827) (18-4t0 42:3) (11-6t0 28.5) (88to0164) (31t072) (21t053) (-97t0-24) (-91t007) (7-6t0-3:0) _
Turkey 485 231 150 664 304 188 -57% -43% 51% .
(347 t0 65-2) (17-1t030-9) (10-7t019-9) (4750 893) (226 to 408) (134 to 250) (-8:9t0-26)  (-84t0o-01) (-69t0-3-2) |
United 55-8 216 12.8 23 12 17 -71% -53% -6:3%
Arab Emirates (31:0t01121)  (14-1t0337) (770 21-4) (13t0 47) (8t018) (10t029) (-11:9t0-24)  (-102t010) (-9-5t0-3-0) .
Yemen 3426 3222 3088 2151 2172 2279 -0-5% -05% -0-5% .
(1821t0519-2)  (1827t0524.9) (168-6t0555-4)  (1143t03260) (1232t0 3538) (1244 t0 4099) (-3-5t027) (-3-8t033) (-2-8t022)

Oceania 599-9 5778 4941 1234‘ 1461 ' 1;32,5; h -0-3% 6% ‘-‘0.9%
(365:3t0972:5)  (331:4t09763)  (264-4t0849:3)  (752t02001) (838t02469) (709 to 2278) (-33t027) (-52t024) (3-2to17)

Federated 1703 130:5 879 6 4 2 -2:0% -3-9% -2:9%
States of (829t0310-8)  (66-610235:5)  (44-7t0154:5) (3to 10) 2to7) (1to4) (-60t02:0)  (-8:5t007) (-5:6t00.0)

Micronesia
Fiji 109-6 100-8 682 24 19 12 -0-6% -4-0% -21%
(68-4101652)  (72:0t01355) (43.7t0102:8) (15t0 36) (14 t0 26) (8t018) (-44t03-6)  (-90t008) (-4-9t007)
Kiribati 2133 1424 1009 6 3 2 -3-2% -3-6% ~3-4%
(153-9t0296-9)  (97-1t02165) (57-4t01691) (4t08) (2to5) (1to 4) (-7-1t0 0-8) (-90to18) (-6-2t0-0-6)
Marshall 747 109-4 956 2 2 2 2:9% -15% 1.0%
Islands (462t0111-8)  (663t0167-8) (51-9t0 164-9) (1to2) (1to3) (1to3) (-1-6t07-4) (-7-8to51)  (-2:0t0 4-0)
Papua 765-9 702:6 5942 1148 1382 1260 -0-7% -17% -11%
New Guinea  (456-7t01255-9) (396-4101197-8) (312-7t01030-8) (68410 1882) (779 to 2355) (663 to 2187) (-3-8t02-4) (-54t02:3) (-3-6t01.5)
Samoa 611 512 414 3 3 2 -13% -21% -1-6%
(3620 997) (32:5t0763) (26:9t0 62-8) (2to5) (2to 4) (1to3) (-60t033)  (70t033) (-4-6tol1)
Solomon 254:0 2145 183.0 32 34 32 -13% -1-6% ~1-4%
islands (127-4t0454-4)  (1125t03793)  (95-9t0338-5) (16 t0 56) (18 0 60) (17t059) (-52t027) (-60t032) (-4-5to16)
Tonga 1881 1433 1112 6 4 -2:0% -27% -23%
(118-8t0286.9) (1088t01856) (68-2t0172:2) (4t09) (3to5) (-60t01-8)  (-7-8t023) (-5-0t00-4)
Vanuatu 1763 174-8 1392 10 10 -0-1% -22% -1.0%
(-4
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. (@65210 541.8) : (38r0248)  (910199)  (13t40) (-
| Eastern sub- 65050 52269 0:7% -3.8%
. SaharanAfrica (4615t0562:3)  (490-8106400) (3315t0453:0)  (408081049719)  (56537t073735)  (44747t061144) (-0-3t0 1.9) (-51to-2-4) (-1-8to-0-6)
. Burundi 7571 712:3 3708 2122 2240 1683 ~0-5% -6-6% -31%
(560-5t0977:3)  (538-5t0899:9)  (240-4t0504:3)  (1571t02739) (1693 to 2830) (10910 2289) (3-0t019)  (~102t0-37) (-51to-14)
Comoros 527-4 3830 3292 82 88 85 -2.5% -1.7% -2:2%
(319-7t0 830:5)  (219-8t0646:7)  (1719t0584:5)  (50to 130) (50to0 148) (45 to 152) (-6:0to11) (-6-6t02:6) (-49t00-7)
Djibouti 5263 6293 523.5 124 138 123 14% ~1-9% 0-0%
(334-8t0788-7)  (4053t0962-4) (329-8t0821.8)  (79t0186) (89to211) (77 t0193) (-1-9to 4-6) (-52t01-5) (-22t022)
Eritrea 6142 6799 566.0 949 1241 1313 07% -1-9% -0-4%
(4937t0747-0) (4759109021}  (3512t08177)  (763to1154) (868 to 1646) (81410 1896) (-1:8t031) (-51t009)  (-23t013)
Ethiopia 7080 6578 497-4 16740 18941 15234 -0-6% -2.8% -1.6% ;
(600-4t08150)  (4863t0839-6) (371.5t0648-8)  (14197t019271)  (14001t024173) (11378t019871)  (-3-1tol-4) (-52t0-0-2) (-28t0-03)
Kenya 3155 5592 2772 3047 7628 4361 43% ~71% -0-6% .
(2501t0382:2)  (3750t0773:0)  (1754t04141)  (2416t03692) (5115 t0 10543) (2759 to 6514) (1:3to7-4) (-108t0-3:9) (-2:6t014)
Madagascar 3140 3780 2977 1723 2610 2455 1-4% -2:6% -0-3%
(246:9t03755)  (2559t04807)  (1743t0448:6)  (1355t02061) (1766 to 3319) (1438 t03699) (-10to34)  (-64t016) (-23to15)
Malawi 550-3 8153 3347 2627 4542 2260 30% -8.9% -2:2%
(440-5t0 669-6)  (567-4t011111) (224-5t04651) (2103 to 3197) (316110 6189) (1516 to 3140) (07t053) (-125t0-6-1) (-3-8to-0-6
Mauritius 66-8 559 437 15 10 6 -1-4% ~2:5%
(56-8t079-1) (47-81065:8) (34-4t0547) (13t018) (8t012) (5t08) (-3-0t004)  (-51t000)
Mozambique  363-4 2500 248.7 2190 2339 2574 -2:9% ~0-2% -17%
(2626t0463-2) (1843t0322:0) (1514t03654)  (1583t02791) (1724 103012) (1567 t0 3783) (-57t00-2) (-39t03:0) (-4-0t00-5)
Rwanda 656-1 612:6 2910 2021 2142 1185 -0-5% -7-6% -3-6%
(528-6t0791-5)  (477-4107665)  (189:9t04007) (1628 to2438) (1669 to 2680) (773 to 1631) (2:6t01-6) (-11-6t0-4-0) (-5-6t0o-1-9
Seychelles 212 149 157 0 0 0 -2:7% 0-5% -13%
(16-410267) (11-6t0189) (122t0207) (0to0) (0to 0) (0to0) (-50t0-02) (-28t040) (-28t003)
Somalia 486.9 422:4 4077 1574 1673 1903 ~11% -0-4% ~0-8%
(2762t0766:6) (264-4t07062) (247-4t06842) (893 t02479) (104710 2797) (1155 to 3194) (~4-2t01-9) (-35t02:9) (-2-8t01:6)
South Sudan  763-8 8729 956.8 2138 2718 3912 12% 0-9% 11%
(432-8t01129:7) (602:8t011723)  (6851t01262:8) (1211t03162) (1877 t0 3650) (2801 to 5163) (-23t04:9) (-25t04-8) (-12t03-8)
Tanzania 4980 6229 389.6 5814 10148 7745 17% ~4-7% -1-1%
(399-2t0593-4)  (449-6t0812:0) (266-5t05487) (4661 t0 6929) (7324 t0 13228) (5298 to 10908) (-0-7t03-9) (-7-9t0-17) (-27t00-4)
Uganda 2963 4615 3249 2800 6159 5385 3-4% -3:5% 0-4%
(215-6103924) (3196t0615.9)  (213-8t04502)  (2037to 3708) (4265 t0 8219) (3544 to 7461) (1010 5.9) (-6-6t0-06) (-1-4t02:2)
Zambia 3546 4751 3151 1283 2435 2044 22% -41% -0-6%

(2562t0464:3) (3017t0697-1)  (2067t0459:3)  (927t01679) (1547 to 3574) (1341 t0 2980) (-05t045)  (-73t0-07) (-21to10)

Westérynvsub— 4 o 44133 - h 12% ' '—1~§%
Saharan Africa  (419-0t0544-8) (4897t06391) (3854t0564-0) (38493t050052) (60370t078794) (58231t085221)  (-02t02:6)  (3:3t0-03)

Benin 5235 4158 3286 1259 1347 1246 -1.8% -2:4%
(418-4t0619-6) (311-4t0522:8)  (229-2t04413)  (1006t01490) (1009 to 1694) (869 to 1674) (-4-1t0 05) (-5-2t00-2)
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4092 3105 2443

3015 1325 2185 3% -2
(224-9t03831) (307-2to517:5)  (2231t04062) (989 to 1684) (1834 to 3090) (1570 to 2858) (0-1t0 4-6) (-61t003)  (-L5to1.6)
Cameroon 436-4 6144 564-6 2451 4476 4772 2:6% -0-9% 11%
(351-7t0510:0)  (4723t07893) (414-0t0743-6)  (1975to 2865) (3441 t0 5750) (3499 to 6285) (0-5t05-0) (-34to14) (-0-4t02.6)
Cape Verde 110-4 805 476 15 9 5 -2:6% -53% -3.8%
(835t01383)  (47-8t01281)  (27-9t0762) (11to19) (5t015) (3to8) (-6:6t012)  (-112t004) (-6:2to-1-4)
Chad 4298 659-2 597-6 1424 3245 3593 33% -11% 14%
(352:9t0510-2)  (506-9t0 808-4) (408-4t0809-5) (1170t01691) (2496 t0 3980) (2456 to 4868) (1-3t05-3) (3-8t013) (-03t02-9)
Coted'ivoire 4969 729-8 5015 2539 477 3824 2:9% -37% 0-0%
(3747t0606.4)  (521-8t09687) (3543t0653-9)  (1915to 3099) (341110 6333) (2702 to 4987) (05t05-2) (-6-8t0-0.9) (~1-4t01-3)
Ghana 3743 4181 293-4 2143 2933 2343 0-9% -3-6% -11%
(2477105281)  (309-610532:9) (1935t0410-4) (141810 3024) (2172t03739) (1545t03277) (-26t047)  (-73t0-03) (36to14)
Guinea 660-4 6763 6154 1966 2642 2720 02% ~1-0% -03%
(564-4t0768-8) (542:1t0811:8) (4705t0781:9)  (1680t02289) (21180 3171) (2080t03457) (-17t018)  (-31t010) (-16t009)
Guinea- 7081 837.7 8853 334 478 576 1-4% 0-6% 1.0%
Bissau (417:3t01052-9)  (573-6t01154-5) (6165t01230-2) (197 to 497) (327 to 659) (401 to 800) (-1-6t0 4-5) (-23t035)  (-1:0t03:0)
Liberia 6301 7795 6273 624 1038 974 1.6% -22% 0-0%
(487-9t0782:0) (6053t0962:1) (467-5t07932) (483t0775) (806 t0 1281) (726 t0 1232) (-0-8t041)  (-46t001) (-16to1.4)
Mali 573.0 506.7 3883 2326 2936 2966 -1.0% -27% -1.7%
(500-0t0649-8) (415:9t0603-8) (300-6t0487:3)  (2030t02638) (2410 to 3499) (2295t03722) (-25t007)  (-50t0-05) (-2:9t0-05) |
Mauritania 6806 681-0 568-8 580 772 761 0-0% -1.9% -0-8%
(585-6t0789-8) (501-2t0856-1) (363-6t0793-6) (499t0673) (568 to 971) (487t0 1062) (2:4t01.8) (-46t006) (-2-7t00-7)
Niger 4810 4273 4065 2217 2920 3873 -0-9% ~0-5% -07%
(394-4t0567-6) (348-3t0523-0) (3082t0505:0) (1818 t02616) (2379t03573) (2936 t0 4811) (-27t009)  (-29t017) (-21t00-5)
Nigeria 483-2 5857 496-4 21233 34810 36698 1.5% -17% 01%
(359-9t0 608-4) (445-6t0717-8)  (335:9t0666-2) (15814t026737)  (26480t042656) (24829t049252)  (-12t04.0)  (-4-4t009) (-1-8t01-9)
SioToméand 2975 1957 1349 13 1 9 -32% -4-0% -3.6%
Principe (211:4t0395-6) (133-1t0251-6)  (652t0208-6) (9t0 18) (8to14) (4to14) (-66t0-01) (-95t009) (-6:5t0~1:0)
Senegal 5188 462:2 3472 1727 2018 1881 -0-9% -2:9% -1-8%
(441:9t06017) (366-1t0557:3)  (2492t04552)  (1471t02003) (1598 to 2433) (1350 to 2466) (29t009)  (-55t0-05) (-32t0o-05)
Sierraleone 5214 665-1 6226 943 1360 1399 1.9% -07% 0-8%
(383-9t06682) (535-3t0795-8)  (447-9t0790-5)  (694t01209) (1095 to 1627) (1006 to 1776) (-06t04:3)  (-3-4to16) (-10t023)
The Gambia  444-4 3682 2645 205 232 216 -1.4% -33% -2.2%
(230-1t0685:5)  (191-4t0580-8) (135:5t04347)  (106t0316) (12110 366) (111 to 356) (-5-0t02-4) (-6-9tc0-6) (-5-0t00-6)
Togo 496.7 4774 3262 807 1001 817 -0-4% -3-9%
(407110 603-8)  (332-4t0644.0) (2107t0473-0)  (662t0 981) (697 t0 1350) (528 t0 1185) (-31t022) (-7-4t0-0-4)

annualised rate of change from 2003 to 2013 to predict
the MMR for 2030. For countries with an increasing
MMR in that period, we assumed that the MMR would
remain constant. We used UN Population Division
forecasts of the population aged 15-49 years and births
to forecast the number of maternal deaths for each
country. We calculated annualised rate of change for
1990-2013 using the continuous rate-of-change formula.
Achievement of the MDG 5 target would be equivalent
to a sustained 5-5% decrease per year from 1990 to 2015.

Uncertainty

We report 95% uncertainty intervals (Uls) for maternal
deaths, the MMR, causes of maternal death, timing of
maternal deaths, and annualised rates of change. The
ensemble models for maternal mortality generate

— 285 —

1000 draws from the posterior distribution; the validity
of the Uls was confirmed through 50 iterations of cross-
validation with data held out during CODEm estimation.
Additionally, DisMod-MR produced 1000 draws from the
posterior distribution for the cause analysis and time-of-
death analysis. We assumed uncertainty in the estimated
fraction of maternal deaths due to each cause or the
estimated fraction of maternal deaths in different
timings to be independent of the uncertainty in the
occurrence of maternal mortality. We calculated
uncertainty with 1000 draws from the posterior
distribution of every step of the estimation process,
which allows for quantification and propagation of
uncertainty associated with each of the epidemiological
variables in the GBD framework. These Uls are different
from confidence intervals, which would only quantify
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sampling uncertainty in the underlying data for a
specific model.

Role of the funding source

The funder of the study had no role in study design, data
collection, data analysis, data interpretation, or writing of
the report. The authors had access to the data in the
study and had final responsibility for the decision to
submit for publication.

Results

The total annual number of maternal deaths decreased
from 376034 (95% U1 343 483—407 574) in 1990, to 292982
(261017-327792) in 2013 (figure 3A, table 1). The
reduction accelerated steadily from 1990 to 2013
(figure 3B), with corresponding decreases in MMR
(table 1). Between 2003 and 2013, the annual rate of
change in MMR was greater than 1%, reaching —3-3%
for 201213 (figure 3B).

MMR was highest in the oldest age groups and lowest
in women aged 20-29 years in both 1990 and 2013
(figure 4). However, it decreased significantly between
1990 and 2013 for almost all age groups (figure 4). We
used data for the proportions of births in different
maternal age groups and calculated that 9-5% of
maternal deaths are in the group aged 15-19 years,
43-1% in women aged 20-29 years, and 47-0% in those
aged 30 years and older, with the remainder occurring
in the group aged 10-14 years. Despite much higher
rates of mortality in older age groups, the total number
of deaths is roughly equal before and after the age of
30 years. The MMR in mothers aged 15-19 years in 2013
was 1-5 times higher than that in women aged
20-24 years, and 1-4 times higher than in those aged
25-29 years. In 2013, the MMR was 9- 5 times higher for
a woman aged 45-49 years (1374-4, 95% Ul
1117-1-1694-9) than for a woman aged 20-24 years
(144-1, 120-6-169-9).

We recorded substantial differences across the GBD
regions in the trends in maternal deaths and the MMR
(figure 5). Of the regions where the MMR was more than
300 in 1990, south Asia made the greatest progress by
2013 (figure 5A, table 1). In eastern and western sub-
Saharan Africa, MMRs increased until 2005, but have
since reduced substantially (figure 5A). The MMR in
eastern sub-Saharan Africa has been changing at a rate of
—4-5% per year (95% UI —6-0 to -2 8) since 2005.

Of regions that had MMRs of 100-300 in 1990, southeast
Asia has had the most notable decreases (figure 5B). The
MMR in the Caribbean has followed a similar trend to
eastern and western sub-Saharan Africa—ie, increasing
to 2005, before falling—and it has improved only slightly
in north Africa and the Middle East (figure 5B). The
MMR in southern sub-Saharan Africa increased greatly
between 1990 and 2006, rising from 150-8 (95% UI
115-9-182-6) to 565-7 (420-1-737-2), but then fell to
279-8 (202-6-381-5) in 2013 (figure 5B).

www.thelancet.com Vol 384 September 13,2014

2200
2000+
1800
1600
1400~
1200
1000 -|

800

600

400 -

Maternal mortality ratio (per 100000 livebirths)

2004

3034 3539

Age (years)

0 T T
15-19 20-24 25-29

T
40°45 4549

Figure 4: Global maternal mortality ratio in 1990 and 2013, by age
Shaded areas show 95% uncertainty intervals.

We recorded decreases in MMRs in all regions that had
an MMR of 30-100 in 1990 (figure 5C, table 1). This
reduction is particularly evident in east Asia (figure 5C,
table 1). The rates of change in southern Latin America
and central Latin America since 2000 seem to have been
slower than those before 2000 (figure 5C). In regions
with low MMR in 1990 (<30), the MMR has continued to
reduce slowly, except for in the high-income region of
North America (figure 5D, table 1).

Except for late maternal deaths and HIV-related deaths,
the absolute numbers of deaths due to every cause
decreased significantly (p<0-001) from 1990 to 2013
(table 2, appendix). However, in sub-Saharan Africa, the
number of deaths due to all causes increased from 1990
to 2013 (table 1). Globally, the biggest absolute reduction
was in deaths due to maternal haemorrhage: from 71295
(95% UI 64562-78329) in 1990, to 44190 (38 273-50 819)
in 2013. The biggest percentage decrease was in maternal
sepsis, which caused 11-6% (11-4-11-8) of all maternal
deaths in 1990, but 9-7% (9-5-9-9) in 2013 (figure GA).
The proportion of maternal deaths due to indirect causes
increased slightly from 9-1% (95% UI 8-9-9-4) in 1990,
to 10-2% (10-0-10-5) in 2013 (figure 6A). Additionally,
the proportion of maternal deaths due to other direct
causes rose from 16-5% (95% UI 16-3-16-8) in 1990, to
17-0% (16-7-17-3) in 2013 (figure 6A). The number of
late maternal deaths decreased globally by 3-0%, from
44814 (95% UI 36414-53106) in 1990, to 43507
(35667-52395) deaths in 2013. In 2013, HIV accounted
for 1-5% (0-9-2-0) of all maternal deaths in sub-Saharan
Africa, but only 0-4% (0-2-0-6) worldwide. The number
of abortion-related deaths decreased significantly at the
global level (p=0-002; figure 6A) and in all regions other
than Oceania, where no significant change occurred
(p=0-35), and sub-Saharan Africa, where the number of
deaths increased significantly after abortion (p<0-001).
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Figure 5: Change in MMR between 1990 and 2013, by region
MMR=maternal mortality ratio.

Cause patterns vary by regions. The two most
important causes of maternal death in high-income
regions in 2013 were indirect and other direct causes
(figure 6B), owing largely to a decrease in abortion-
related deaths, which was the most important cause of
maternal mortality in high-income regions in 1990. The
number of deaths due to haemorrhage, hypertension,
and maternal sepsis have also decreased significantly,
whereas the numbers of deaths due to indirect and late
maternal causes have increased since 1990 (figure 6B,
appendix). By contrast, the most important causes in
low-income countries—other direct, abortion, and
haemorrhage—have not changed between 1990 and
2013, although different trends are apparent in different
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regions. For example, east Asia had significant
decreases in all causes except HIV (which was estimated
to be the cause of 0-003% of all maternal deaths in
2013; appendix). The total global number of HIV-related
maternal deaths in 2013 was 2070 (95% UI 1290-2866),
reduced from a peak of 3280 (2041-4403) in 2004. The
increase in proportion of deaths due to indirect
maternal causes was most notable in Latin America
and the Caribbean, where the proportion increased
from 9-2% (95% UI 8-8-9-8) in 1990, to 11-5%
(10-9-12-2) in 2013.

In 2013, on average, nearly a quarter of deaths occurred
antepartum (24-6%, 24-1-25-2), a quarter intrapartum
and immediately postpartum (27-7%, 27-1-28-2), a third
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subacute and delayed postpartum (35-6%, 34.9-36-2),
and 12-1% (11-9-12-5) late. The biggest absolute change
was in intrapartum deaths (table 2, appendix), which
decreased by more than 35%, but equally notable was that

(p<0-001).
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despite a decrease in the mean fraction of postpartum
deaths, the proportion of total deaths occurring
postpartum and late actually increased at the global level
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(A) Mean proportion (left) and total number (right) of maternal deaths due to different causes in 1990 and 2013. Error bars show 95% uncertainty intervals.
(B) Proportion of maternal deaths due to different causes in 2013, by region.

In 2013, 16 countries had MMRs of between 500 and
1000: Afghanistan, Cameroon, Central African Republic,
Chad, Cote d’Ivoire, Djibouti, Eritrea, Guinea, Guinea-

Bissau, Liberia, Lesotho, Mauritania, Papua New Guinea,
Sierra Leone, South Sudan, and Zimbabwe (figure 7,
table 1). 15 countries had MMRs of less than 5: Andorra,
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Australia, Austria, Denmark, Finland, Iceland, Ireland,
Israel, Italy, Malta, Norway, Poland, Singapore, Sweden,
and Switzerland (table 1). Some countries had noticeably
higher  MMRs than neighbouring countries did
(figure 7). In the Caribbean, only Guyana and Haiti had
MMRs of more than 100 in 2013 (figure 7, table 1).
Similarly, in South America, only Bolivia had an MMR
of more than 100 (figure 7, table 1). Afghanistan had the
highest MMR in south Asia, Yemen had the highest
MMR in north Africa and the Middle East, and Papua
New Guinea had the largest value in southeast Asia and
Oceania in 2013 (figure 7, table 1). The MMR in China
was 17-2 (95% UI 14.0-20-3) compared with 18.5
(14-8-22-9) in the USA. In sub-Saharan Africa,
Mauritius, Seychelles, Namibia, Swaziland, Cape Verde,
and S3o Tomé and Principe have MMRs of less than 150
(figure 7, table 1).

137 countries had higher annualised rates of change in
MMR between 2003 and 2013 than between 1990 and
2003 (figure 8). Nevertheless, only 40 countries have
achieved the MDG 5 decrease of 5-5% per year in either
time interval (figure 8). From 1990 to 2013, Albania,
United Arab Emirates, Bosnia and Herzegovina, Belarus,
China, Estonia, Lebanon, Lithuania, Latvia, Morocco,
Maldives, Mongolia, Oman, Poland, Romania, and
Russia had reductions of greater than 5-5% (table 1).
These countries—which represent 5-1% of all developing

nations—are likely to achieve the MDG 5 target of a
reduction in the MMR of three-quarters. 30 countries
had annual reductions in the MMR of MDG 5 pace or
better from 2003 to 2013, eight of which were in sub-
Saharan Africa (Botswana, Burundi, Kenya, Malawi,
Namibia, Rwanda, South Africa, and Swaziland) and ten
in central and eastern Europe (Albania, Belarus, Bosnia
and Herzegovina, Bulgaria, Estonia, Latvia, Lithuania,
Poland, Romania, and Russia; table 1). Between 2003 and
2013, eight countries had annualised rates of change of
more than 8%: Belarus, Botswana, China, Estonia, Latvia,
Lebanon, Lithuania, and Malawi (figure 8, table 1). From
1990 to 2003, MMR increased in 50 countries, 27 of
which were in sub-Saharan Africa (table 1). Between 2003
and 2013, only eight countries had increases: Afghanistan,
Belize, El Salvador, Guinea-Bissau, Greece, Seychelles,
South Sudan, and the USA (figure 8, table 1).

In our fairly optimistic forecast scenario for 2030, we
would expect 184100 (95% UI 133 600-244700) maternal
deaths worldwide in 2030. 53 countries—all of which are
in sub-Saharan Africa, except for Afghanistan,
Bangladesh, Bhutan, Bolivia, Haiti, India, Indonesia,
Laos, Myanmar, Nepal, Pakistan, Papua New Guinea,
Solomon Islands, and Yemen—will still have MMRs of
more than 100 (figure 9). Despite accelerated reductions
in many countries, our simple forecasts suggest that in
2030, 74 countries are likely to still have a MMR of more
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than 50, and 89 countries will have MMRs of less than 30,
compared with 72 countries in 2013.

Discussion

On the basis of recent data and a refined understanding
of the association between HIV and maternal mortality,
we have shown that worldwide maternal mortality has
decreased Dby 1-3% per year since 1990. Despite
reductions in the number of maternal deaths—ifrom
about 376000 in 1990 to about 293000 in 2013—only
16 countries, seven of which are developing countries,
are expected to achieve the MDG 5 target of a 75%
reduction in the MMR by 2015. We noted two different
patterns in developing countries: sustained substantial
decreases in most of Asia and Latin America, and
stagnation or increases from 1990 to 2003 in sub-Saharan
Africa and Oceania. Increases in some high-income
countries such as the USA are a deviation from the
general trend downwards in developed countries.
However, the substantial acceleration in the decreases
since 2003—especially in sub-Saharan Africa—provides
hope that more countries can achieve rapid and sustained
reductions.

Ambitious calls for progress in maternal mortality in
the next 15-20 years and reductions in MMRs to less
than 30 in all countries have been deemed financially and
technically feasible.® Our finding that rates of change in
maternal mortality in some developing countries have
exceeded 8% in the past decade (eg, in China) lends
support to ambitious aspirational goals. However, on the
accelerated trajectory from 2003 to 2013, MMRs will still
be high in several countries in west and central Africa,
and in the Horn of Africa. Unsurprisingly, projections for
child mortality in 2030 are also high in these areas of the
world. A focus on levels of maternal mortality equivalent
to those in high-income nations in all countries will need
special policy attention, national action, and global
investment in the countries that are predicted to be left
far behind a grand convergence. Many of the countries in
central and west Africa that will present the greatest
challenge to achievemnent of low MMRs have historically
received less development assistance for health than have
other low-income countries.” Although development
assistance for maternal, newborn, and child health has
been increasing at a pace faster than that for most
thematic areas, excluding HIV, especially since 2009,
increases in central and west Africa have not been as
large as in other regions. A new focus on these countries
will probably need action by multilateral, bilateral, and
private global health funders, and shifts in the historical
allocation of funds across low-income countries.

The drivers of improvement (or lack thereof) in
underlying causes of maternal deaths have important
clinical, public health, and policy implications. Maternal
mortality has been successfully reduced in many
countries. Although the absolute numbers of deaths due
to abortion, maternal haemorrhage, and hypertensive
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disorders of pregnancy have decreased in real terms,
these causes remain important, collectively accounting
for nearly 50% of all deaths. Continued promotion of
policies to reduce anaemia and malnutrition, prevent
malaria in pregnancy, provide calcium and micronutrient
supplementation, encourage skilled birth attendance and
in-facility delivery, discourage early motherhood, and
reduce unsafe abortion should lead to sustained
dividends.®™* Such focus should be expected to reduce
the risk of life-threatening complications of pregnancy,
but the complications will not be eliminated altogether.
Increased coverage of skilled birth attendance and
delivery in facilities properly resourced for emergency
obstetric care is essential for prevention of these deaths.

Health-system re-engineering is necessary to begin
preparations for the new challenges that lie ahead. The
increasing relative importance of other direct, indirect,
and late maternal causes of death is consistent with global
epidemiological transition, and suggests that many health
systems are inadequate to meet the needs of an increasing
number of pregnant women with pre-existing conditions
and high-risk pregnancies. The risks of sepsis-related
deaths are known to be increased by the prevalence of
obesity and diabetes in women of reproductive age.”
Moreover, because of the inherent difficulty in diagnosis
of maternal sepsis, the problem could be larger than we
have estimated in countries with high overall maternal
mortality. Therefore, prevention of sepsis will need not
only a focus on medical management of comorbidities,
but also improved sanitation and access to routine
prophylactic antibiotics during caesarean section for
facilities that intend to provide such a service, both of
which have been shown to be effective and cost-effective
strategies to reduce maternal death.™*

Many diseases—eg, sickle-cell anaemia, obesity, diabetes,
hypertension, and chronic kidney conditions—confer
increased mortality risk during pregnancy. These indirect
causes of maternal death are likely to continue increasing
in importance where they are commonly encountered.*®
A focus on health-system strengthening will be needed to
reduce the effect of other direct causes of maternal death,
because the most likely underlying aetiologies are
complications of anaesthesia, embolism (air, amniotic
fluid, and blood clot), and the less common but often fatal
condition of peripartum cardiomyopathy.®* Health
systems must begin to plan for these changes through
increasing the size and training of the perioperative
workforce and investment in family planning services,
adequate infrastructural resources for facilities, and
systems to identify and follow women who are at risk of
life-threatening puerperial and postpartum complications.

In 2013, HIV accounted for 1-5% of maternal deaths in
sub-Saharan Africa, rising to 6-2% in southern sub-
Saharan Africa. However, HIV infection is associated with
the smallest number of deaths worldwide of any of the
causes we examined. Increased ART coverage has led to
reduced HIV-related mortality in sub-Saharan Africa and
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has been associated with decreased mortality in HIV-
positive women during pregnancy.®® Nevertheless, the
increase in maternal mortality during the mid-2000s in
southern Africa is well in excess of the number of HIV-
associated maternal deaths. There are at least four possible
explanations for this finding. First, we could have
underestimated the RR of death for a pregnant woman
with HIV infection compared with a pregnant woman
without HIV infection. Our meta-analysis results are
consistent with previous studies, but the RR could be
biased downwards if included studies are from areas with
better care or access to ART.** Second, we could have
overestimated maternal mortality if the UNAIDS
Spectrum estimates of HIV prevalence in pregnancy are
underestimates. These values suggest that age-specific
fertility rates decrease by 24% in HIV-positive women
compared with HIVnegative women when aged
20-24 years, but fertility decreases by 56% by age
45-49 years.” Third, we assume the RR is generalisable
across different levels of HIV prevalence in pregnant
women, which might not be true. Fourth, the HIV
epidemic could be diverting resources from maternal care
because of a huge demand for care. Although this
situation is theoretically possible, several studies and
reports have not shown this relation; indeed, there could
be synergies between ART scale-up and clinic and hospital
productivity.” Perhaps the most important finding is that
with the scale-up of ART, MMR seems to decrease rapidly
(eg, in Malawi).®

In our study, we have not tested the association between
development assistance for maternal health programmes
and MMR. However, accelerated decreases occurred in

106 of 138 developing countries in 2003—3 years after
the Millennium Declaration—coinciding with the scale-
up of development assistance for maternal and child
health programmes.® Rigorous testing of the hypothesis
that global priority setting and investments in maternal
health programmes have had an important role in the
acceleration of progress is needed. This research is
important because it could strengthen the basis on which
post-2015 requests for funding of continued expansion of
maternal health services are made. Because we have
reported much slower rates of change than the UN has,*
the importance of establishing the case for continued
investment in maternal health programmes is even
greater; ambitious goals for regions such as sub-Saharan
Africa will probably need major investments.

We compared our estimates of maternal mortality
with those from the GBD 2010 and the 2012 UN
estimates.® The correlation between our MMR estimates
and those of GBD 2010 for 1990 was 0-96, and for 2010
was 0-89. The correlation figures with the UN analysis
for the same two periods were 0-88 and 0-85. Perhaps
the most notable difference between the UN 2012
analysis and ours is the number of maternal deaths in
1990: 543000 compared with 376 000. The difference in
numbers for 2010 is smaller: 287000 deaths compared
with 317300. The much higher number from the UN
for 1990 raises the estimated annualised rate of change
in the MMR from 1990 to 2010 substantially, to ~3-1%
per year compared with —1.1% per year in our study.
One of the most important differences between our
assessment and the UN’s seems to be related to the
WHO estimates of reproductive-age mortality in some
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Figure 10: Comparison of all-cause reproductive-age mortality envelopes between 1990 and 2010

WPP=World Population Prospects. GBD=Global Burden of Disease Study.
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regions with high fractions of reproductive-age
mortality due to maternal causes. These estimates are
substantially higher than the GBD 2013 estimates for
west Africa, north Africa and the Middle East, and
southeast Asia in 1990, ranging from 7% higher in
Ghana to 58% higher in Nigeria. The differences
between estimates of reproductive-age mortality in
western sub-Saharan Africa and southeast Asia are
large (figure 10). In some cases, the most recent UN
Population Division estimates (World Population
Prospects 2012) converge towards the GBD estimates,
although WHO estimates are substantially higher
(figure 10). The UN Population Division and WHO
almost exclusively predict levels of adult mortality in
west Africa on the basis of child mortality, whereas we
make substantial use of survey and census data from
the region in our GBD analysis.” The reasons for the
changes between successive revisions of maternal
mortality estimates depend on the country, but are
driven both by new data for levels of reproductive-age
mortality and maternal causes or the fraction of deaths
that are related to pregnancy.

Our study, which brings together a wide array of data
sources for the levels, causes, and timing of maternal
deaths for many countries, has important limitations.
First, although ICD-coded vital registration systems
have clear rules for assignment of causes of death, we
used census and survey data for the fraction of deaths to
distinguish explicitly between deaths caused by
pregnancy (maternal deaths) and those that were
incidental (pregnancy-related deaths). We made
adjustments for incidental deaths related to HIV, but
have not made similar adjustments for other types of
incidental deaths due to causes such as injuries.
Studies™” suggest that deaths due to injury are less
common in non-pregnant women than in pregnant
women of the same age, but they do occur in both
groups, which leads to a bias upwards in our assessment.
That bias must be tempered with the potential bias that
sibling and household reports of pregnancy-related
deaths could lead to selective under-reporting of
abortion-related deaths.” Second, uncertainty in the
estimates of maternal death in many countries is
substantial.” Within the same country, sources can differ
widely. For example, we used many different types of
sources in India: in rural regions, data are largely from
the Survey of Causes of Death-Rural, the Sample
Registration System, and verbal autopsy studies, whereas
Medical Certification of Causes of Death covers largely
urban populations.*

Third, there is still no definitive way to estimate the
interaction of HIV and pregnancy in death. Only
21 studies were available for estimation of the excess risk
of death during pregnancy in women with HIV. Only
two studies** inform the excess risk of death during
pregnancy in women with HIV. These two studies
provide widely divergent findings and could reflect the
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complex interaction between ART (and the associated
greater care received by women taking it) and pregnancy
as much as the effect of pregnancy on the progression of
HIV. As such data continue to be developed and because
of the important implications for policy making, we will
continue to work to find new data sources, improve data
quality, and incorporate updated methods as necessary
to continue providing updates for global, regional, and
national maternal mortality.

Fourth, because of sparse data, we could not quantify
the contributions of other infections, such as influenza
(eg, HINT), malaria, tuberculosis, and hepatitis, to
maternal mortality at the population level” Fifth, our
method of estimating the detailed causes of maternal
death used all available data, but such specific data are
not available for many countries, or, if they are available,
are coarse with respect to age. Therefore, we might have
underestimated the true extent of the interplay between
cause and age in maternal mortality and differences
between countries in the same region.

Sixth, we have estimated Uls for each component of the
analysis. CODEm provides confirmation that the UlIs for
the maternal mortality model have a data coverage of
97-9%, so they could be slightly overestimated. Finally,
our estimates of maternal mortality are affected by
estimates in each age group of other causes of death
developed for the GBD 2013 because of the requirement
that cause-specific mortality must sum to all-cause
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mortality. Errors in the estimates for other causes of death
could bias upwards or downwards our assessments of
maternal mortality.

An important part of improved measurement in the
future is a recommendation that surveillance of late
maternal mortality (>42 days but <1 year) be included in
surveys and censuses. With the assumption that maternal
mortality will continue to decrease, severe maternal
morbidity or so-called near miss cases are likely to
increase, some of which might be expected to lead to
increased late maternal death.* Perhaps more
importantly for some regions, HIV has been described
by some as being a risk factor for late maternal death. If
this description is true, these deaths might not be
captured appropriately, because neither reproductive
health surveys nor demographic and health surveys
quantify late maternal death. In view of the major
dependency on sibling histories and the recall of
pregnancy-related deaths in household surveys, major
changes would be necessary to track late maternal deaths
through these instruments.

Measurement of maternal mortality remains
challenging (panel). It depends both on robust
demographic assessment of reproductive-age mortality
rates and data for the fraction of deaths in each age
group that are maternal or related to pregnancy. Changes
between systematic analyses in the levels and trends in
maternal mortality are larger than for child mortality. As
a result, users of any assessment of maternal mortality
need to recognise that assessments could change as new
data are identified or obtained. Despite continuing
measurement challenges, there are strong reasons to
continue a global focus on reductions in maternal death
in the next 15~-20 years. An important adjunct to both the
framing of new goals and mobilisation of action for
them will be regular updates about the evidence in the
trends for maternal mortality by age, cause, and timing.
We believe that it is this evidence that should fuel and
inspire debates and policies to reduce maternal deaths.
We Delieve the evidence is convincing that decreases in
the MMR have accelerated in several countries since
2003. These accelerations should be carefully studied to
provide qualitative insights into what has worked in
different settings. As new global targets for maternal
mortality are developed, it will be important to take
lessons from these insights, but also begin planning for
the evolving health and health-care needs of women of
reproductive age. Achievement (or not) of arbitrary goals
established without proper regard to the distribution of
rates of change prevailing at the time is a political
construct that obscures knowledge and praise for the
substantial progress that has been made to reduce
maternal mortality in the past decade. Furthermore,
accelerated decreases in maternal mortality will be more
likely if the evidence from policy responses in these
countries is widely and effectively disseminated and
implemented.
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Abstract

in Japan.

mental disorders and childhood SES.

Background: Low socioeconomic status (SES) in childhood is known to be a significant risk factor for mental
disorders in Western societies. The purpose of this study was to investigate whether a similar association exists

Methods: We used data from the World Mental Health Japan Survey conducted from 2002-2006 (weighted

N = 1,682). Respondents completed diagnostic interviews that assessed lifetime prevalence of major depression
(MD} and generalized anxiety disorder (GAD), as defined by the Diagnostic and Statistical Manual of Mental
Disorders, Fourth Edition. Associations between parental education (a proxy of SES in childhood) and lifetime onset
of both disorders were estimated and stratified by gender using discrete-time survival analysis.

Results: Among women, high parental education was positively associated with MD (odds ratio [OR]: 1.81, 95%
confidence interval [Cl]: 1.03-3.18) in comparison with low parental education, even after adjustment for age,
childhood characteristics, and SES in adulthood. This same effect was not found for men. In contrast, higher
parental education was associated with GAD (OR: 6.84, 95% Cl: 1.62-28.94) in comparison with low parental
education among men, but this association was not found among the women, in the fully adjusted model.

Conclusions: In Japan, childhood SES is likely to be positively associated with the lifetime onset of mental
disorders, regardless of family history of mental disorders, childhood physical illness, or SES in adulthood. Further
study is required to replicate the current findings and elucidate the mechanism of the positive association between

Keywords: Childhood environment, Socioeconomic status, Mental health, Depression, Anxiety, Gender

Background

It is widely known that low socioeconomic status (SES)
is associated with psychological problems such as de-
pression and anxiety disorders [1-5]. This association
can be explained in two ways: (1) low SES actually in-
duces a mental disorder (social causation); or (2) men-
tal disorders limit employment opportunities, causing
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individuals to fall into the low SES category (health
selection) [6,7].

Previous studies have shown that SES in childhood has
a direct effect on the development of mental disorders
later in life [8-15]. For example, Gilman et al. reported
that participants whose parent was engaged in manual
labor either at the time of their birth or when they were
seven years old were significantly more likely to develop
major depression (MD) in their lifetime, even after ad-
justing for SES in adulthood [11]. However, since most
of these studies were performed in Western countries, it
is uncertain whether a similar association exists in Japan,
where SES likely affects mental disorders differently

© 2014 Ochi et al,; licensee BioMed Central Ltd. This is-an Open Access article distributed under the terms of the Creative
Commons Attribution License (http:/creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly credited. The Creative Commons Public Domain

Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article,

unless otherwise stated.

— 298 —



QOchi et al. BMC Public Health 2014, 14:359
http://www.biomedcentral.com/1471-2458/14/359

[16,17]. For instance, while education has been found to
be inversely associated with depression in the USA, no
such association has been found in Japan [16].

MD and generalized anxiety disorder (GAD) must be
addressed in particular, in view of their high prevalence
(18,19]. The lifetime prevalence of MD and GAD in
the US is 16.6% and 5.7%, respectively in 2001-2003
[18], and in Japan, 4.4% for MD in 2005 [20]. Because
MD and GAD are associated with several major causes
of death, such as suicide [21] or cardiovascular disease
[22,23], and greater disability-adjusted life years [24],
further prevention efforts are needed. An investigation
into the associations between childhood SES and MD or
GAD may provide crucial information concerning the
possible etiologies of these disorders. Further, by stratify-
ing the data according to gender, the higher prevalence
of these disorders among women may be explained [11].

Against these backgrounds, we hypothesized that child-
hood SES is associated with the lifetime onset of mental
disorders, regardless of family history of mental disorders,
childhood physical illness, or SES in adulthood, based on
life-course epidemiology [25]. By focusing on SES in child-
hood, we can include the early onset cases, which are usu-
ally excluded in studies of the association between SES in
adulthood and mental disorders in order to avoid reverse
causation [26]. Thus, the purpose of this study was to in-
vestigate whether SES in childhood was associated with
MD and GAD in both adult men and women.

Methods

Sample

Data from the World Mental Health Japan (WMH]) Sur-
vey conducted between 2002 and 2006 were used. The
WMH] conducted an epidemiological survey of Japanese
people aged 20 years and older as part of the World
Health Organization’s World Mental Health Survey Initia-
tive [27]. Details of the WMH]J survey design, sampling,
and field procedures have been described in previous
research [28].

Three urban cities and eight rural municipalities in
Japan were selected as study sites. These sites were se-
lected because of their geographic variation, the avail-
ability of site investigators, and the cooperation of local
government officials. Participants were randomly selec-
ted from a pool of eligible voters (i.e., registered resi-
dents) aged 20 years or older.

An internal sampling strategy was used to reduce re-
spondent burden by dividing the interview into two
parts. Part I included a core diagnostic assessment (de-
tails given below) and obtained the demographic vari-
ables of all the respondents. Part II included questions
about risk factors, including childhood SES. Part II was
administered to 1,682 of the 4,134 individuals who
responded to the questionnaire in Part I (including all

Page 2 of 8

respondents with one or more lifetime disorders, as well
as a probability subsample of approximately 25% of the
other respondents). The total response rate was 55.1%.
This sampling method was not significantly different
from those used in the World Mental Health Surveys con-
ducted in other countries [29].

The data were weighted to adjust for differential prob-
abilities of selection and non-response (Weighted N =
1,682; N [men] = 734; N [women] = 948). Details of sam-
ple weights have been reported previously [19]. Sample
size was calculated by assuming the lifetime prevalence
of mental disorders to be between 5 and 10% [29] in low
and high childhood SES groups with equal distribution
ratios (with a Type I error = 0.05 and Type II error =0.2),
respectively. This yielded a figure of 948 participants who
were able to successfully complete this study.

Written consent was obtained from every respondent
at all study sites. The survey recruitment, consent, and
field procedures were approved by The Human Subjects
Committees of Okayama University Graduate School of
Medicine, Dentistry, and Pharmaceutical Sciences, the
Japan National Center of Neurology and Psychiatry,
Nagasaki University’s Graduate School of Biomedical
Sciences, Yamagata University’s Graduate School of
Medical Science, and Juntendo University’s Graduate
School of Medicine.

Diagnostic assessment

The WMH] used a Japanese-translated, computer-
assisted version of the World Health Organization
Composite International Diagnostic Interview, Version 3.0
(WHO-CIDI 3.0) to assess mental disorders in individuals
according to the Diagnostic and Statistical Manual of
Mental Disorders, Fourth Edition [27]. Details concerning
the translation process from English to Japanese have been
reported previously [19]. Lifetime diagnoses of MD and
GAD were approximated by the presence or absence of
diagnoses of these disorders that respondents admitted to
having, up to the time of the interviews. Diagnostic hier-
archy and organic exclusion rules were used for making
diagnoses.

The CIDI retrospectively assessed the age of onset for
the disorders; however, in view of the existing evidence
that retrospective age-of-onset reports are often biased
[30], a special question sequence (previously used in the
National Comorbidity Survey Replication) was intro-
duced to improve the accuracy of reporting. In brief, the
age of onset reported by the respondents was confirmed
by other sequential questions, such as “Was it before
you went to school?”. Onset age was set at the upper
end of the bound of uncertainty (e.g., age: 12 years for
respondents who reported that onset was before their
teenage years). Previous research has shown that this
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question sequence yields more credible responses than
do standard age-of-onset questions [31].

Socioeconomic status in childhood

SES in childhood was measured using the proxy variable
of parents’ education, because parental education is usu-
ally determined before the birth of the respondent; thus,
we can use this measure to assess the impact of child-
hood SES on the lifetime incidence of MD or GAD. The
number of years of education for both parents was sur-
veyed, and the responses were categorized into three
groups: less than a high school (0-11 years), high school
(12 years), and some college or more (213 years). If the
number of years of education was unknown, this became
a dummy variable. If a respondent’s parents’ years of
education were in discord, we used the higher number
of years as parental education for our study.

Covariates

Under the assumption that they could be possible con-
founders or mediators in the relationship between child-
hood SES and lifetime onset of MD and GAD, we
assessed data on certain childhood characteristics and
SES in adulthood. The childhood characteristics of in-
terest included parental mental illness and the presence
of personal physical illness in the respondent’s child-
hood (based on responses to yes/no questions). SES in
the respondents’ adulthood was measured by the in-
dividual’s number of years of education, categorized
into less than high school (0-11 years), high school
(12 years), some college (1315 years), and college or
more (216 vyears). Further, the respondent’s current
annual household income was categorized with refer-
ence to the poverty line in Japan [32,33], as either low
(<3 million yen), middle (3—9.9 million yen), or high
(210 million yen).

Analysis methods
The models were estimated in a discrete-time survival
framework with person-years as the unit of analysis. The
obtained person-oriented data set (containing informa-
tion on the age of onset for each mental disorder) from
the cross-sectional survey was converted into a person-
period dataset (containing information on each discrete
time period for the individual, censoring the onset of
each mental disorder) [34]. Each model was controlled
for person-years, age category, and covariates. The sur-
vival coefficients and their standard errors (SEs) in the
best-fitting model were exponentiated and are reported
in the form of odds ratios (OR) and 95% confidence in-
tervals (CI).

Model 1 was adjusted for age, Model 2 included infor-
mation in Model 1 plus childhood characteristics (paren-
tal mental illness and childhood physical illness), while

Page 3 of 8

Model 3 included the information in Model 2 plus SES
in adulthood (educational attainment and annual house-

hold income). All analyses were stratified by gender.
STATA MP 12 was used for the analysis.

Results

Characteristics of the sample population

Table 1 shows the mean ages of the men and women
subjects were 50.1 (SE =0.91) and 52.2 years (SE =0.92)
respectively, distributed normally. Regarding high SES in
childhood, parental education was 213 years for 15.4%
of the men and 11.7% of the women, although a signifi-
cant portion of the participants did not know their par-
ental educations (26.4% of the men and 28.3% of the
women).

In terms of childhood characteristics, less than 5% of
respondents across both genders reported having par-
ents with psychiatric illnesses or having their own phys-
ical illnesses in childhood. As for SES in adulthood,
27.9% of the men and 11.4% of the women graduated
from college or achieved some other level of higher edu-
cation. Further, 18.3% of the men and 11.5% of the wo-
men earned more than 10 million yen per year. Finally,
4.7% of the men and 8.7% of the women developed MD,
while 2.8% of the men and 3.0% of the women developed
GAD during their lifetimes.

Association of SES with MD

Table 2 shows the ORs of childhood SES for MD among
men. SES in childhood (i.e., parental education) was not
associated with MD in Model 1 (adjusting for age),
Model 2 (plus adjustment for childhood characteristics),
or Model 3 (plus adjustment for SES in adulthood).
Among the covariates, having a physical illness in child-
hood and a higher educational attainment (i.e., 216 years)
were significantly independently associated with the on-
set of MD. That is, those who had physical illness in
childhood were 2.89 (95% CI: 1.00-8.32) times more
likely to develop MD than those who did not, and those
who attained 216 years of education were 3.14 (95% CL:
1.08-9.14) times more likely to develop MD than those
who attained 0-11 years of education.

In contrast, among women, high SES in childhood
(i.e., parental education that went beyond high school),
was positively associated with the onset of MD (Table 3),
and this relationship was quite robust. Participants with
high parental education were 1.85 (95% CI: 1.00-3.42)
times more likely to develop MD than those whose par-
ental education was lower than high school in Model 2,
which was slightly attenuated in Models 3. Among other
covariates, those who attained high school education
were more likely to develop MD than those who attained
education level lower than high school (OR: 2.39, 95% CIL:
1.19-4.81).
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Table 1 Weighted distribution of characteristics by gender
Men (n=734) Women (n=948) p-value
% %
Demographics Age <30 years 139 15 0.26
30-39 years 18.0 14.3
40-49 years 167 149
50-59 years 202 183
60-69 years 154 158
70-79 years 11.8 14.2
80+ years 40 74
Socioeconomic status in childhood Parental education 0-11 years 356 395 035
12 years 226 20.5
13+ years 154 M7
Unknown 264 283
Childhood characteristics Parental mental iliness Yes 23 27 062
Physical illness Yes 29 34 0.69
Socioeconomic status in adult Education 0-11 years 25.5 311 <0.001
12 years 312 332
13-15 years 154 243
16+ years 279 114
Annual household income <3 million yen 268 36.6 <0.001
3- < 10 million yen 549 520
10+ million yen 183 115
Mental disorders Major depression 47 86 <0.001
Generalized anxiety disorder 28 30 083

Table 2 Odds ratio of socioeconomic status in childhood and covariates for major depression by discrete-time survival

analysis, men

Model 1 (univariate,

adjusted for age)

Model 2 (+childhood
characteristics)

Model 3

(+SES in adult)

OR 95% ClI OR 95% Cl OR 95% Cli
SES in childhood Parental education 0-11 years ref ref ref
12 years 118 (0.51-2.76) 1.24 (0.54-2.86) 104 (0.48-225)
13+ years 0.83 (032-2.18) 077 (0.29-2.06) 051 (0.19-1.34)
Unknown 112 (0.50-2.53) 1.17 (0.51-2.64) 121 (052-278)
Childhood characteristics ~ Parental mental illness Yes 223 (0.64-7.74) 200  (0.56-7.11)
No ref ref
Physical illness Yes 2.90 (1.02-8.28) 2.89 (1.00-8.32)
No ref ref
SES in adulthood Education 0-11 years ref
12 years 105 (035-3.18)
13-15 years 159  (045-5.65)
16+ years 3.14 (1.08-9.14)
Annual household income <3 million yen ref
3- < 10 million yen 091 (0.39-2.09)
10+ million yen 079  (0.31-202)

Age was adjusted for all analysis. Values in bold are significant at the p = 0.05 level.
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