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The Association between Adequate Prenatal Care and Severe Maternal Morbidity:
A Population-based Cohort Study

Jin Young Nam' - Eun-Cheol Park’

Institute of Health Services Research, Yonsei University”
Department of Preventive Medicine, Yonser University College of Medicine?

Purpose: This study identified the relationship between adequate prenatal care and severe maternal morbidity
among delivered women.

Methods: Data were extracted from the Korean National Health Insurance Service—National Sample Cohort for
91,767 cases of delivery that were delivered during 2003~2013. Severe maternal morbidity status was determined
using the Center for Disease Control and Prevention’s algorithm including the diagnosis and procedure code during
delivery and postpartum hospitalization. A generalized estimating equation (GEE) model with log link was performed
for the relationship with severe maternal morbidity and women’s factors to estimate adjusted relative risk.
Results: Of the 91,767 delivery cases, 2,248 (2.45%) had severe maternal morbidity. In the GEE model, severe
maternal morbidity was higher in women who had inadequate prenatal care than in those who had adequate pre-
natal care (relative risk (RR) 1.39, 95% CI 1.11~1.75, p—value 0.0045). For maternal age, women who delivered
at extremely young or old ages had high risks of severe maternal morbidity, which showed a U—shaped distribu-
tion through the whole age range. Women who had the lowest level of income, who had cesarean section delivery,
who were nulliparous, who had twins or more than triplet births had high risks of severe maternal morbidity.
Conclusion: Inadequate prenatal care delivery was associated with the occurrence of severe maternal morbidity.
Therefore, policy makers should consider making quality indicators for early, timely, and sufficient visits during
pregnancy and should monitor adequacy of prenatal care to prevent severe maternal morbidity.

Key Words: severe maternal morbidity, CDC’s SMM indicator, prenatal care, Kessner Adequacy of Prenatal Care
Index
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Severe maternal morbidity

Total (N=91,767)

No (N=89,519)

Yes (N=2,248)

N (%) N (%) N (%)
Adequacy of prenatal care
(97.67)

Adequate 72,801 (79.33) 71,102 97.93) 1,699 (2.33)

Intermediate 17,099 (18.64) 16,625 (95.98) 474 2.77)

Inadequate 1,867 (2.03) 1,792 ' 75 (4.02)
Maternal age (years) (95.48)

15~19 310 (0.34) 296 (97.60) 14 (4.52)

20~24 4,213 (4.59) 4,112 (98'16) 101 (2.40)

25~29 28,654 (31.22) 28,126 (97.69) 528 (1.84)

30~34 43,202 (47.08) 42,202 (96.41) 1,000 (2.31)

35~39 13,526 (14.75) 13,040 ' 486 (3.59)

(93.61)

40+ 1,862 (2.03) 1,743 119 (6.39)
Income level

1Q 8,629 (9.40) 8,378 8;(5)?; 251 (2.91)

2Q 13,430 (14.63) 13,095 (97.66) 335 (2.49)

3Q 24,017 (26.17) 23,454 (97.6”) 563 (2.34)

4Q 29,897 (32.58) 29,194 o0 703 (2.35)

- (97.49)

5Q 15,794 (17.21) 15,398 396 (2.51)
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Table 1, General Characteristics of the Study Population (Continues)

Severe maternal morbidity

Total (N=91,767) No (N=89,519) Yes (N=2,248)
p—value
N (%) N (%) N (%)
Type of insurance
Self—employed insured 26,773 (29.18) 26,043 (97.27) 730 (2.73) <0.0001
Employee insured 64,700 (70.50) 63,200 (97.68) 1,500 (2.32)
Medical aid 294 (0.32) 276 (93.90) 18 (6.10)
Residential area
Metropolitan (Seoul) 18,372 (20.02) 17,918 (97.53) 454 (2.47) 0.7089
City 23,009 (25.08) 22,431 (97.49) 578 (2.51)
Rural 50,386 (54.91) 49,170 (97.59) 1,216 (2.41)
Working status
Work 25,524 (27.81) 24,913 (97.61) 611 (2.39) 0.4969
Not work 66,243 (72.19) 64,606 (97.53) 1,637 (2.47)
Mode of delivery
Spontaneous vaginal delivery 32,547 (35.47) 32,144 (98.76) 403 (1.24) <0.0001
Instrumental delivery 24,917 (27.15) 24,487 (98.27) 430 1.73)
Cesarean section delivery 34,303 (37.38) 32,888 (95.88) 1,415 (4.12)
Parity
1 (Nulliparous) 61,271 (66.76) 59,5678 (97.24) 1,693 (2.76) <0.0001
2 27,046 (29.47) 26,559 (98.20) 487 (1.80)
3+ 3,450 (3.78) 3,382 (98.03) 68 (1.97)
Twin birth status
Singleton 90,441 (98.56) 88,342 (97.68) 2,099 (2.32) <0.0001
Twin 1,326 (1.44) 1,177 (88.76) 149 (11.24)
Preterm birth
>37 weeks 90,072 (98.15) 87,987 (97.69) 2,085 (2.31) <0.0001
<37 weeks 1,695 (1.85) 1,532 (90.38) 163 (9.62)
Length of stay for delivery hospitalization
Short—term 6,244 (6.80) 6,138 (98.30) 106 (1.70) <0.0001
Normal 61,926 (67.48) 61,039 (98.57) 887 (1.43)
Long—term 23,597 (25.71) 22,342 (94.68) 1,255 (5.32)
Comorbidities during pregnancy
0 90,710 (98.85) 88,695 (97.78) 2,015 (2.22) <0.0001
1+ 1,057 (1.15) 824 (77.96) 233 (22.04)
Year
2003 8,526 (9.29) 8,292 (97.26) 234 2.74) 0.0012
2004 8,475 (9.23) 8,229 (97.10) 246 (2.90)
2005 8,193 (8.93) 7,968 (97.25) 225 (2.75)
2006 8,217 (8.95) 8,022 (97.63) 195 (2.37)
2007 9,019 (9.83) 8,789 (97.45) 230 (2.55)
2008 8,281 (9.02) 8,112 (97.96) 169 (2.04)
2009 7,570 (8.25) 7,384 (97.54) 186 (2.46)
2010 7,970 (8.69) 7,765 (97.43) 205 (2.57)
2011 8,653 (9.43) 8,467 (97.85) 186 (2.15)
2012 8,871 (9.67) 8,664 (97.67) 207 (2.33)
2013 7,992 (8.71) 7,827 (97.94) 165 (2.06)

Hoh H 52 wEs 7153

tH(Table 1).
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Table 2. The Relationship between Severe Maternal Morbidity and

Risk Factors

Severe maternal morbidity

RR 95% CI p—value

Adequacy of prenatal care

Adequate 1.00

Intermediate 1.09 0.98 1.21 0.1221

Inadequate 1.39 1.11 1.75 0.0045
Maternal age (years)

15~19 223 1.36 3.67 0.0015

20~24 1.26 1.03 1.56 0.0269

25~29 1.00

30~34 1.26 1.14 1.40 <0.0001

35~39 1.67 1.47 1.88 <0.0001

40+ 2.63 2.16 3.20 <0.0001
Income level

1Q 1.18 1.01 1.38 0.0417

2Q 1.07 092 1.23 0.389

3Q 1.04 092 1.18 0.5297

4Q 1.02 091 1.15 0.7211

5Q
Type of insurance 1.00

Self—employed insured 1.06 0.97 1.16 0.1698

Employee insured 1.00

Medical aid 1.33 0.85 208 0.212
Residential area

Metropolitan (Seoul) 1.00

City 0.93 0.82 1.05 0.2254

Rural 0.99 0.89 1.10 0.8752
Working status

Work 1.00

Not work 1.02 093 1.12 0.6396
Mode of delivery

Spontaneous vaginal delivery 1.00

Instrumental delivery 1.13 0.99 1.30 0.0656

Cesarean section delivery 2.63 2.35 2.94 <0.0001
Parity

1 (Nulliparous) 1.18 1.07 1.31 0.0016

2 1.00

3+ 1.08 0.85 1.39 0.5217
Twin birth status

Singleton 1.00

Twin 2.15 1.80 2.56 <0.0001
Preterm birth

>37 weeks 1.00

<37 weeks 1.87 1.58 2.22 <0.0001

il ¢} vl
Fr3Algto] HHAE 9ol 1.398H= FAIA
Z FY9H ¢ =3U4HRR=1.39, 95% CI 1.11~1.75, p—
value=0.0045). B39 A& o o) A Ak
& gt ool nl3l T 237 Fo] ek 9)3o] 1.09¢H)
%o AR sk tHRR=1.09, 95% CI
0.98~1.21, p—value=0.1221). 74 &9 4% 55 ¥4
A3 Qo] Aol whet UAF-& veRle 25~294] o]
Hl3] 15~19A41= 2.2381(RR=2.23, 95% CI 1.36~3.67,
p—value=0.0015), 20~24A= 1.268] (RR=1.26, 95% CI
1.03~1.56, p—value=0.0269), 30~344l:= 1.2641(RR=
1.26, 95% CI 1.14~1.40, p—value<0.0001), 35~394+=
1.679(RR=1.67, 95% CI 1.47—1.88, p—value<0.0001),
40A4] o] 2.638(RR=2.63, 95% CI 2.16~3.20, p—
value<0.0001) ©f 7] Wekbtar A A 73to] A4 o®
T

Table 2. The Relationship between Severe Maternal Morbidity and
Risk Factors (Continues)

Severe maternal morbidity

RR 95% CI p—value
Length of stay for delivery
hospitalization
Short—term 0.95 0.78 1.15 0.5943
Normal 1.00
Long—term 3.26 298 3.56 <0.0001
Comorbidities during pregnancy
0 1.00
1+ 6.23 548 7.09 <0.0001
Year
2003 1.00
2004 1.09 092 1.30 0.3083
2005 1.07 0.89 1.28 0.4691
2006 0.96 0.80 1.16 0.6862
2007 1.04 0.86 1.25 0.6994
2008 0.78 0.64 0.95 0.0144
2009 1.00 0.82 1.21 0.9662
2010 096 0.79 1.17 0.6782
2011 0.79 0.64 0.97 0.0215
2012 0.85 0.69 1.03 0.101
2013 0.76 0.62 0.95 0.014

Abbreviations: RR, relative risk.
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¢ F5 BAAS A2 AFSE el s A

HE A3}, 58 (Blood transfusion) & &% 2A 23} 2kAy

: <]
60%5 AT AE 7P W7k 2 ARG, 94 8
h-&-37 (Disseminated intravascular coagulation) & &%
TS Y 9% 5 WA o] k= o] el ]
S wEA B 9 AT AT FEE F
< BAA% AA ] oF 65%F AHAF AL, THE o] AT-ellA
T 780 % BAAS A 7 7 v gk A 131 vH(Cal-

laghan et al., 2008; Kuklina et al., 2009). Abd a2 9} ==
TAAZY] B S velstual ZALEI o o] S
A CDCEl darel&s AREE 5 B33 8} Abdae] o]
el tigt A7t uig- Ao HAARI wluE ot
Howell 5(2016) 2] 17-ellA] AP ¥te] =S 93] o] st of
gl vl3l 63] PNk E= 6~83] HHESE oS T RS

fgdo] Z4zp 1.34ul, 1.16¥) 27| Webstvhal B30 (Ho-
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well et al,, 2016), WHOE ®AAZ 3 Abd#] A#4 o

TollA] 43] o] AbdEke] HHES- 31 oj4o] %
ol W3 ZAARgo] wiskar RARIZY] Aol g AL 2
N cHCampbell et al., 2016; Kearns et al., 2016). Kearns

5 (2016) & Ao R = Abdde ek A 9
7Fs /¥ A o B, ol S G

A FAS A aY e} S5 RAAEE Sl SA4 L
Z 7o dAo] Sl EIT S5 RS A
Aty 5 B S A o A S El
RARARN Fde &l Abd a9 FeAdw R
2]e] A o] Tl Higk 25 AleE F Sls Zlelth

B/ 9% T BAEEY] g B AR B
oo Uz e Ha 3l o)= A3+ Ao} vlsedh o

O 7 vEPth(Joseph et al., 2010; Creanga et al., 2014;
Grobman et al., 2014; Norhayati et al., 2016). $1%2] 4
S (354 o) I TF EAAS 9 AE HAYFoE
Butze7 et Q1 vrg ] 5 BNk o] w2 A
¥} 7o) 913 (Rocha Filho et al., 2015), 9 2Ae 714
o] =5 Bk ope} Al E] sk nkge disio] Aj=]gt
2] Auk-2-9] B2 (3 lack of physiological reverses in re-
sponse to pregnancy pathology) ¥ 4 2t} (Kayem et al.,
2011; Creanga et al., 2014). EAAZ 918 =3l 15~19
Alg] o Ao AFReLE o] ik At AR e A
A3, AT 24t A, R, W2 a87E, FAA s Ak
2], 1831 v]EAEY 7HsAdo] a1 (Bukulmez and Deren,
2000; Gortzak—Uzan et al., 2001; Chen et al., 2007), =}
o 35 Ak e Al A4 (subclinical)
918y 2 A k@ (prostaglandin) A4t $18S 0
1, 24 9818 =Y 4= 91022 (Chen et al., 2007), o123
8RI50] 15~194] AHRZ0] F5 EAASE 9 do] o &4
A 5 Qs Aotk A58 By, 7P w2 A5 71
oJd50] 50| F& o RET T5 23S f13e] =
Al VTR A3 Aol A ARSI AR AR S o Ee
2 RN U 52 5 2AAEE g3lo] Qlrkal ¥l

H(Lindquist et al., 2014). o= W2 ALS) A A AE] 9] o
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Appendix 1, Severe Maternal Morbidity Indicators and Corresponding ICD-9 and ICD-10 Code

Severe Maternal Morbidity Indicator ICD-9-CM Codes ICD—-10—-CM Codes

1. Acute myocardial infarction 410.xx 121, 122

2. Acute renal failure 584 .x, 669.3x N17, 090.4

3. Adult respiratory distress syndrome 518.5, 518.81, 518.82, 518.84,799.1 J80, J95, J96, R092

4. Amniotic fluid embolism 673.1x 088.1

5. Aneurysm 441.xx 171, 179.0

6. Cardiac arrest/ventricular fibrillation 42741, 427.42, 427.5 146, 149.0

7. Disseminated intravascular coagulation 286.6, 286.9, 666.3x D65, D68.8, D68.9, 072.3

8. Eclampsia 642.6x 015

9. Heart failure during procedure or surgery 669.4x, 997.1 1971

10. Internal injuries of thorax, abdomen, and pelvis 860.xx—869.xx S26, S27, S36, S37

11. Intracranial injuries 800.xx, 801.xx, 803.xx, 804.xx, 851.xx—854.xx S06

12. Puerperal cerebrovascular disorders 430, 431, 432.x, 433.xx, 434.xx, 436, 160, 161, 162, 163, 165, 166,

437.x, 671.5%, 674.0x, 997.2, 999.2 167, 168, 022.5, 087.3, 197.8

13. Pulmonary edema 428.1, 518.4 J81, I50

14. Severe anesthesia complications 668.0x, 668.1x, 668.2x 074, 089

15. Sepsis 038.xx, 995.91, 995.92 085, T80.2, T80.4, R65.1,

A40, A41, A32.7

16. Shock 669.1x, 785.5%, 995.0, 995.4, 998.0 0751, R57, R65.2, T78.2,
T81.1, T88.2, T88.6

17. Sickle cell anemia with crisis 282.62, 282.64, 282.69 D57

18. Thrombotic embolism 415.1x, 673.0x, 673.2x, 673.3x, 673.8x 126, 088

19. Blood transfusion 99.0x NA

20. Cardio monitoring 89.6x NA

21. Conversion of cardiac rhythm 99.6x NA

22. Hysterectomy 68.3x—68.9 NA

23. Operations on heart and pericardium 35.xx, 36.xx, 37.xx, 39.xx NA

24. Temporary tracheostomy 31.1 NA

25. Ventilation 93.90, 96.01—-96.05, 96.7x NA

Appendix 2, Three Factor Health Services Index Controlled for Gestation and Based on Number of Prenatal Visits, Interval to First Prenatal Visit,
and Type of Hospital Service

Medical Care Index Gestation (Weeks) Number of Prenatal Visits
Adequate® 13 or less and 1 or more or not stated
14~17 and 2 or more
18~21 and 3 or more
22~25 and 4 or more
26~29 and 5 or more
30~31 and 6 or more
32~33 and 7 or more.
34~35 and 8 or more
36 or more and 9 or more
Inadequate” 14~21 and 0 or not stated
22~29 and 1 or less or not stated
30~31 and 2 or less or not stated
32~33 and 3 or less or not stated
34 or more and 4 or less or not stated
Intermediate All combinations other than specified above

“Additional number of prenatal visits.

“The first prenatal visit had to be first trimester (<13 weeks).

To start prenatal visit during the third trimester (>28 weeks).

Source: Milton Kotelchuck. An Evaluation of the Kessner Adequacy of Prenatal Care Index and a Proposed Adequacy of Prenatal
Care Utilization Index. Am J Public Health. 1994;84(9):1414-20.
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