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Abstract

Bangladesh, a developing country, gained success towards the fifth-millennium
development goals target of reducing its maternal mortality ratio by three
quarters by 2015, but yet worked more on it for further reduction of maternal
mortality. In this light, though Bangladesh is committed to the sustainable
development goals target of reducing its maternal mortality ratio to be re-
duced from 170 to 105 per 100,000 live births, the scope of research on this
issue is limited because the maternal morbidity data is scarce in Bangladesh.
In this paper, the prospective data on maternal morbidity in rural Bangladesh
(collected by BIRPERHT) have been employed to trace out the high-risk and
life-threatening factors associated with pregnancy-related complications. The
subject-specific generalized estimating equations (SS-GEE) model with ran-
dom effect structure is used for multivariate binary data for the repeated ob-
servations. The findings indicate that the risk of suffering from pregnancy
complications is higher for high economic status, lower age at marriage, not
visited for medical check-ups, outside home workers, and having miscarriage
or abortion. Comparing the SS-GEE model with other correlation structures
and relative efficiency factors, the SS-GEE model with random effect struc-

ture is well fitted for the prospective repeated observation data.

Keywords

Multivariate Binary Response, Repeated Observations, GEE, Random Effect,
Pregnancy Complications

1. Introduction

Bangladesh, a south Asian developing country with a lot of economic and

health-related challenges and contingencies, was committed to target of reduc-
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ing its maternal mortality rate by 75 percent between 1990 and 2015 to the fifth
Millennium Development Goals (MDG-5) [1]. After gaining remarkable success
in the reduction of maternal mortality in the MDG-5, Bangladesh is now focused
on a set of targets of the sustainable development goals (SDGs). Multiple of these
targets are closely related to newborn, child, and maternal health [2] [3]. In this
light, Bangladesh is committed to the target of reducing its maternal mortality
ratio from 170 to 105 per 100,000 live births [4] with the predicted mortality ra-
tio of 87.3 in 2021 [2]. However, antenatal care, professional attendance at deli-
very and postnatal care services are most significant determinants for reducing
such a rate and preventing infant mortality as well. Moreover, these services are
inadequately developed in the least developed countries like, Bangladesh. Utili-
zation of antenatal care services amplified significantly, from 24 percent in 1991
to 60 percent in 2004 [5]. In [6] it is reported that female literacy is expected to
be a very prolific strategy to change the tide of maternal mortality. Antenatal
care is an important predictor of safe delivery and provides health information
and services that can improve maternal and infants health [7] [8]. Economic
barriers to utilization of facility-based care are outlawed among the poor, even
where the actual care is free-of-cost [9] [10] [11]. However, in [12], it has been
observed that cultural issues, distance, infrastructure and socio-economic status
are important determinants of maternal healthcare-seeking behavior. It is ex-
tracted that preceding maternal deaths, most of the pregnancies are attended ei-
ther by traditional practitioners or are not attended at all [13]. The levels of ma-
ternal mortality in Bangladesh are remarkably low given the extremely low levels
of uptake of maternity care [14]. Regardless of improvements, pregnancy-related
complications remain the leading cause of maternal death and disability among
women of childbearing age, irrespective of different indigenous, non-indigenous
and cultural groups [15]. In Bangladesh, the most important determinants of
maternal mortality are eclampsia, septic abortion, postpartum sepsis, obstructed
labor and antepartum and postpartum hemorrhage [16] [17] [18]. Severe anemia
boosts up the risk of mortality while there is a poor evidence of increased risk
associated with moderate anemia [19]. In India, 18 percent of the women re-
ported complications during antenatal period and an equal proportion during
childbirth [20]. The most common likelihood-based methods for analyzing mul-
tivariate binary data are multivariate probit and multivariate logit models that
consider univariate normal and logistic distributions as univariate margins re-
spectively [21]. On the other hand, the generalized estimating equations (GEE)
methodology, an estimating equation based method, proposed in [22] is exten-
sively used for analyzing multivariate binary response data [23]. In [24], it has
been observed that the estimator of the correlation based on conditional resi-
duals yielded more efficient estimates than the usual GEE estimator that was
based on unconditional residuals. In another study, the estimates obtained were
very analogous to the results obtained by using a weighted least squares (WLS)
methodology [25]. The GEE estimates for Food supplement, economic status,

wanted pregnancy, gainful employment, education, number of pregnancies, and
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age at marriage obtained under the assumption of exchangeable correlation pro-
vide more efficient estimators as compared to the independence and autoregres-
sive correlation structures [26]. Utilizing GEE method, authors in [27] observed
that taking special food during the pregnancy period reduces the number of
complication irrespective of different correlation structures. Age at marriage has
a significant effect on pregnancy related complications [28]. The risk of suffering
from complications is extensively higher among the women in case of unwanted
pregnancy, lower level or no schooling, lower age at marriage (<15 years), 5 or
more pregnancies prior to the index pregnancy [29]. In this paper, an attempt is
made to spot out the covariates entangled with some life-threatening and
high-risk complications that sandwich among the rural women during antenatal
period with an application to random effect Subject Specific-GEE (SS-GEE)
model.

This paper is outlined in four different sections where materials and methods
are discussed in Section 2. Section 3 focuses on results and discussion, and the

paper is concluded with the conclusions section (Section 4).

2. Materials and Methods
2.1. Data

The primary source of data for this study was taken from Bangladesh Institute of
Research for Promotion of Essential and Reproductive Health and Technologies
(BIRPERHT) survey on maternal morbidity in the rural areas of Bangladesh.
With the motive to identify the risk factors for maternal morbidity in Bangla-
desh, BIRPERHT conducted this survey and collect prospective repeated obser-
vation data. All the pregnant women of duration at most six months of the se-
lected unions comprised the sample. All the selected women were followed till
90 days after delivery. The data on socio-economic, background, pregnan-
cy-related care and practice, extent of morbidity during the index pregnancy, de-
livery and postpartum period or abortion were collected on 1020 women. Out of
these 1020 women, 993 had at least one antenatal follow-up, and 1005 had in-
formation on pregnancy termination. Finally, 1006 had at least one postpartum
follow-up. Since progressively large proportions of selected pregnant women
were lost to follow after 4 follow-ups, we consider up to 4 follow-ups for the
present dissertation. Table 2 shows the frequency and percentage distribution of

the respondents interviewed during each follow-up.

2.2.Variables

The factors that contribute to maternal morbidity are too numerous to enumerate.
The causes are multiple, interrelated and tiered. Information on socio-economic and
demographic characteristics, pregnancy related care and practice, morbidity dur-
ing the period of follow-up as well as in the past, information concerning com-
plications at the time of delivery and during the postpartum period, etc. were

also collected for all the selected pregnant women.
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In the light of the objectives of this study, pregnancy complication variable is
computed by gathering the major life-threatening antenatal complications he-
morrhage, oedema, excessive vomiting, and fits or convulsion. In this study the
response variable is considered as binary taking the value 1 if at least one of the

complications was present. Notationally, it can be defined as:

|1, if the women suffers at least one of the major complications
|0, otherwise

Among the available covariates, only five important covariates are considered
in this study, which are: economic status of the respondents, age at marriage,
antenatal check-up, place of work, and any miscarriage or abortion on the basis
of significance probability (p-value < 0.05) which are supported by the studies
from [24] [25] [26] [27]. All these covariates are coded as binary with the refer-
ence categories, less than average for economic status, less than 16 years for age
at marriage, not visited for antenatal check-up, at home for place of work, and

no for miscarriage or abortion, respectively.

2.3. Methods

In this study, subject specific random effect model [30] [31] [32] is applied to
observe the association between certain covariates with repeated observations on
status of complications at different follow-ups. Along with many other advan-
tages, subject specific random effect model offers consistent estimates of para-
meters irrespective of the underlying true correlation structure, but may be inef-
ficient when the true correlation structure is not correctly specified [33]. The
parameter estimates are also sensitive to outliers [33] [34]. Here, generalized es-
timating equation [22] [23] has been adapted to the data of one to four repeated
binary observations of the mother registered at BIRPERHT and we have used
statistical programming language R version 4.0.5 to analyze the data and to get
the estimates.

Suppose we are in a setting with m subjects (or clusters) and n, observations
per subject, where Y, :(Yil,Yiz,---,Yini )’,i =1,---,m is a n;x1 vector of di-
chotomous response, X; = (Xm Xigyoos Xip) be an n,xp design matrix for p
covariates, then the general mixed model [30] [31] [32] [35] for ith subject is
given by Y, =Xb+ZV +¢ which satisfies Y, |v, ~ N (Xb+Zyv,0%1,) ,
v, ~N(0,D), ¢ ~ N(0,0'2 I ) The b and v, are coefficient of fixed effects
and random effects, respectively. The random effects coefficients, v,, are used
to model the random variation in the Z, covariates at different levels of the
data. It also represents the deviation of the intercept of a specific subject from
the average intercept in the group to which that subject belongs. The random
intercept model implies marginal compound-symmetry model where the effect
of the random intercept is absorbed in the marginal covariance structure.

It is hypothesized that the underlying distribution for random effects in the
model that serves as the genesis of the within-panel correlation. In other words,

it can be said that the correlation among individual responses within the same
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subject (patient) is accounted for by adding a subject-specific random effect
term to the logit.

There are three items we must address to build models for SS-GEE: 1) a dis-
tribution for the random effect, 2) the expected value which depends on the link
function and the distribution of the random effect, 3) the variance function of
the usual variance and the random effect. This formulation assumes a single
random effects coefficient, V,, follows the Gaussian distribution with mean zero
and variance, o. The expression for the marginal mean for the logit link has

no closed form solution, but can be approximated by

=97 (B +v)dFy,

j exp(xB+V,) 1 exol - V2 "
L+exp(xB+V) \J2nc? 262 )

~ q{LJ where ¢ =1165—\/§'

J1l+cio? n

and variance-covariance by

V(ye)= ”:gil(xisﬂ"'vi)_luis:H:gil(Xitﬂ'i_vi )_:uit:|df (v)

+a (@)1 (s=t)[V(um,)df (v)
According to [36], the approximation of the variance-covariance matrix is
obtained by

V, =V(yi)zV[gl(xﬁﬂ)+ l(xitﬁ+vi)}

+<D]E{V{g_l(xn,3)+avig_l(xnﬁ“’i )}}

2
~ D(g—ﬂj ol + 0V (u)NT =V (y)=V,
n

where [is a vector of indicator variables.
The first term is a matrix of variance components for the random effect and
the second term is a matrix of the dispersion parameter, and where, mean vector

=97 (X, B+V,) and thelogit, 7, =log [1 s J =X, B +V,. Using

it

L, exp(7; )
| . have, 4, =——"— d
Og[1 M[] 1. > we have, u;, 1+eXp(77n) an
[ exp (77, J
%: 1+6Xp(77n) _ eXp(Uit) where
2 bl

on ony (1+exp ()

n=%p+v,i=L---mt=1---,n,.
According to [36], the expression for V(y,)=a(®)V(y,) is nothing but

the diagonal matrix V(y, )= diag [ﬂ'(Xij )( (XIJ )j

to [22].

where g, = 7r(xij ) due
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To estimate the parameters of SS logistic regression model by the method of
GEE we put x4, and V, =V, to the generalized estimating equation of [22] giv-
en by > " DV,'S; =0, where D, =AX;, X; is the n,x(p+1) matrix of
covariates and S, is the vector with jth element of the residual s; =y; — 7r(xij ) .
Then, solve for B to get the estimates of SS-parameters ( £°°).

In practice, the random effect terms are unobserved and this leads to compli-
cations when we consider estimation of the regression coefficients A% and the

estimate of the variance-covariance matrix of the estimated SS-parameters is

given by
Y E50 %) (B v-a-av ]
n Ol 1 0 )
(5% %)

In the final stage, superiority of the model has been assessed by means of
kappa-like statistic [37] [38] [39] and very well known relative efficiency of es-

timators.

3. Results and Discussion

Respondents entered into the study at different times throughout their pregnan-
cies for follow-ups. The study found that the number of respondents decreased
sharply after the first two follow-ups. The most remarkable feature of different
surveys conducted in South Asian countries is that the towering majority of res-
pondents undergo some identifiable problem or illness during pregnancy or
during labor and delivery.

Table 1 depicts the distribution of respondents by complications during

pregnancy and by the selected characteristics. It is observed that about 25 percent

Table 1. Percentage distribution of selected socio-demographic covariates by complica-
tions during pregnancy of the selected respondents.

Pregnancy complication

Covariate Category ¥ Statistic (df) p-value
No Yes
Economic status Low 75.3 24.7 6.99 (1) 0.008
High 70.5 29.5
Age at marriage <15 years 70.2 29.8 6.81 (1) 0.009
>15 years 74.6 25.4
Antenatal check-up Not visited 53.1 46.9 245.05 (1) <0.001
Visited 79.8 20.2
Place of work At home 72.1 27.9 12.17 (1) <0.001
Outside 54.8 45.2
Any miscarriage or abortion No 72.4 27.6 4.62 (1) 0.032
Yes 67.7 32.3
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of the respondents of low economic status suffer from one of the pregnancy
complications as compared to 29.5 percent of the respondents of high economic
status (Table 1). Although it is surprising that respondents belonging to higher
socio-economic status have reported higher percentage with complications dur-
ing pregnancy, there might be some explanations. Women from lower so-
cio-economic status are exposed to more physical labor during pregnancy that
might help them to avoid some of the complications. It is also observed that the
prevalence of complications is relatively low for those with age at marriage 16
years or higher as compared to those who reported their age at marriage less or
equal to 15 years. In rural areas of Bangladesh, the gap between the age at mar-
riage and birth of first child is not much.

It is ideal to state that those who got married at very young age begin their
childbearing at a younger age are physiologically unfit to become a mother. The
respondents who did not attend the antenatal check-up suffered from complica-
tions at a higher proportion (47 percent) than those who attended the check-ups
(20.2 percent). Table 1 also presents that the proportion of respondents with
complications decreases with level of their working place. Among the respon-
dents who work at home, 27.9 percent reported complications during pregnan-
cy, whereas 45.2 percent of the respondents working outside of home encoun-
tered pregnancy complications. This may be considered as the reflector of the
fact that women having safe and comfortable working place can avoid some
complications during pregnancy as compared to their counterparts. The
high-risk group women are those who have had experienced any miscarriage or
abortion. These types of deliberate or accidental hazards always accelerate the
risk of complications for the reproductive women. It is observed that the
life-threatening or high-risk complications are prevalent at a higher proportion
among the high-risk groups. Thirty two percent of the women with any miscar-
riage or abortion reported to have complications as compared to that of 27.6
percent among those who do not experience any miscarriage or abortion. The
p-values presented in Table 1 are significantly smaller than 0.05 which indicates
the significant association between the covariates and pregnancy complication.

Table 2 represents the follow-up distribution of respondents with or without

complications. We observe that the number of respondents decreases rapidly as

Table 2. Distribution of respondents interviewed during selected follow-up period by
complications status.

Complications

Follow-up No Yes Total

Frequency Percentage Frequency Percentage Frequency Percentage

1 592 59.7 400 40.3 992 97.3

2 678 73.9 239 26.1 917 89.9

3 599 77.7 172 22.3 771 75.6

4 478 80.5 116 19.5 594 58.2
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number of follow up increases. However, the distribution of available respon-
dents shows that at the first follow up more than 40 percent had one or more
complications.

In this part of the analysis, we have presented the estimates of the coefficients
of the covariates obtained under the assumption of different structural relation-
ship within the responses. The following tables (Tables 3-5) provide the esti-
mates of the parameters of the link function along with their estimated standard

error, associated Wald test, odds ratio, Chi-square test, and kappa-like statistic.

Table 3. GEE estimates for maternal morbidity under the assumption of working inde-
pendence within the responses.

Covariate Coefficient Standard error Wald Statistic p-value Odds ratio
Constant -0.0387 0.0312 —1.2404 0.218 0.9620
Economic status 0.5513 0.2306 2.3907 0.017 1.7355
Age at marriage -0.1079 0.0250 —4.3160 <0.001 0.8977
Antenatal check-up —-0.2908 0.0546 —-5.3260 <0.001 0.7477
Place of work 0.2991 0.1056 2.8324 0.005 1.3486
Any miscarriage or abortion 0.2018 0.053 3.7932 <0.001 1.2236

Chi-Square Value = 532.1083 (p-value < 0.001); Kappa-like statistic = 0.527.

Table 4. GEE estimates for maternal morbidity under the assumption of exchangeable
correlation within the responses.

Covariate Coefficient Standard error Wald Statistic p-value Odds ratio
Constant -0.0413 0.0149 -2.7718 0.006 0.9595
Economic status 0.5340 0.0828 6.4493 <0.001 1.7057
Age at marriage -0.1097 0.0204 -5.3775 <0.001 0.8961
Antenatal check-up -0.3105 0.0493 —6.2982 <0.001 0.7331
Place of work 0.2732 0.0485 5.6330 <0.001 1.3142
Any miscarriage or abortion 0.1906 0.0399 4.7769 <0.001 1.2099

Chi-Square Value = 678.2057 (p-value < 0.001); Kappa-like statistic = 0.614.

Table 5. SS-GEE estimates for pregnancy complications under the assumption of random
effect structure within the responses.

Covariate Coefficient Standard error Wald Statistic p-value Odds ratio
Constant —-0.0452 0.0164 —2.7561 0.006 0.9559
Economic status 0.5104 0.0572 8.9231 <0.001 1.6659
Age at marriage -0.1197 0.0199 —6.0151 <0.001 0.8872
Antenatal check-up —0.3408 0.0472 —-7.2203 <0.001 0.7112
Place of work 0.2537 0.0263 9.6464 <0.001 1.2888
Any miscarriage or abortion 0.1893 0.0316 5.9905 <0.001 1.2084

Chi-Square Value = 928.2137 (p-value < 0.001); Kappa-like statistic = 0.713.
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From Table 5, we observe that economic status, age at marriage, antenatal
check-up, place of work, and any miscarriage or abortion are significant at 0.01
level. The prevalence of the complications appears to be significantly higher
among the respondents of better economic status. The odds ratio shows that
there is about 67 percent increase in the risk of suffering from pregnancy com-
plications among the women of higher economic status as compared to those of
lower economic status. It is noteworthy that women with age at marriage more
than 15 years are less likely (one-tenth) to experienced pregnancy complications
as compared to their less than 16 years of age at marriage counterparts. It is star-
tling that the prevalence of complications is reportedly higher during the initial
stage of pregnancy and decreases significantly at the advanced stage. It is ob-
served that there are 29 percent decrease in the risk of suffering from pregnancy
complications among the reproductive women who have visited for antenatal
check-up to that of women who are not taking antenatal check-ups.

Women who work outside of home are 1.29 times likely to encounter one of
the above complications as compared to their homely counterparts. As com-
pared the respondents with no miscarriage or abortion, pregnancy complica-
tions increase substantially (about 21 percent) for respondents having miscar-
riage(s) or abortion(s). Table 5 also represents that all the covariates used in the
present study are highly significant under the random effect assumption. In ad-
dition to the positive association between economic status and prevalence of
pregnancy complications, we find that place of work, and any miscarriage or
abortion exert positive effect and age at marriage, antenatal check-up have nega-
tive effects as well. However, these risks of prevailing the pregnancy complica-
tion among mothers are higher when we have considered independence (Table
3), and exchangeable correlation (Table 4) within the responses as compared to
the random effect structure (Table 5) for almost all covariates under considera-
tion. More specifically, risk of suffering pregnancy complication is more in in-
dependence structure than exchangeable correlation and again the later consid-
eration giving more risk than random effect structure. The kappa-like statistic is
good (0.41 - 0.60) for GEE model under independence correlation, excellent
(0.61 - 1.00) for exchangeable correlation, and also excellent for random effect
structure within the responses. But, the highest kappa-like statistic is observed
for the later GEE model.

Finally, it has been observed that the estimates obtained under the assumption
of random effect structure within the responses come up with smaller value of
standard errors than the other structures. Table 6 presents relative efficiency
factors of the parameters obtained under different link structures with respect to
those obtained under independence correlation assumption. Moreover, we ob-
served that except for the intercept of the GEE model, the estimates of parame-
ters of all the variables under random effect structure are significantly more effi-
cient as compared to exchangeable correlation assumption. Furthermore, the

highest relative efficiency factors of the estimate under random effect structure
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Table 6. Relative efficiencies of the estimates obtained by GEE assuming exchangeable
correlation, and random effect.

Covariate Exchangeable correlation Random effect
Constant 2.0939 1.9024
Economic status 2.7850 4.0314
Age at marriage 1.2255 1.2563
Antenatal check-up 1.1075 1.1568
Place of work 2.1773 4.0152
Any miscarriage or abortion 1.3333 1.6835

versus independence correlation for economic status is 4.03 and lowest relative

efficiency factor has been observed 1.16 for antenatal check-up.

4. Conclusions

Pregnancy related complications are very common in the rural areas of Bangla-
desh. In this study an endeavor has been made to identify the factors associated
with some life-threatening complications commonly confronted by the rural re-
productive women during childbearing tenure utilizing random effect SS-GEE
model. All the covariates included in this study have been found to be highly
significant (1 percent) in both bivariate and multivariate analysis. The genera-
lized estimating equations approach is employed in order to analyze the repeated
observations during pregnancy emerging from a follow-up study. Women from
lower socio-economic status are exposed to more physical labor during preg-
nancy, which might help them to avoid some of the complications. It is demon-
strated by the model that the risk is significantly higher among the respondents
who reported their age at marriage lower than 16 years. In other words, lower
age at marriage has an accumulated effect in the subsequent pregnancies as well.
This shows the health problems associated with marriage at very young ages in
the rural areas of Bangladesh. Those who reported their age at marriage more
than fifteen years are less likely to suffer from pregnancy complications during
index pregnancy. Similarly, the results confirmed the belief that the risk of suf-
fering from complications decreases with an increase in the duration of succes-
sive pregnancy. This might be attributable to the psychological factors associated
with every pregnancy. There are some researchers that have been found similar
pattern for prevalence of complications during pregnancy with economic status
and age at marriage [27] [29] [40].

However, there is a negative association between age at marriage, and ante-
natal check up and prevalence of complications. In addition, when GEE model
moves from independence to exchangeable correlation, and random effect
structure, we observed decreased risks of pregnancy complications along with
the higher value of kappa-like statistic and higher values of relative efficiency
factors for the estimates of the parameters of all the covariates. This study re-

commends that the SS-GEE model with random effect structure indicates better
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predictors than the GEE model with different correlation (independence, and
exchangeable) structures [26] [27] [29] [40]. Thus, the GEE model with random

effect structure within the response for repeated observations is fitted well.
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