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Abstract 

Background Adequate gestational weight gain (GWG) is an important factor for maternal and fetal health. This is 
especially important in low‑income and slum areas due to limited access to health services and malnutrition. Thus, 
the purpose of this study is to evaluate the pattern of GWG changes in the slum areas of Hamadan in Iran.

Methods In this longitudinal study, the study sample consisted of 509 pregnant women who referred to nine health 
care clinics in the slum areas of Hamadan. Women’s weight gain based on the recommended GWG by U.S. Institute 
of Medicine (IOM) was divided into three categories: Inadequate weight gain, Adequate weight gain, and Excessive 
weight gain. In order to evaluate the trend of GWG, a multi‑level ordinal model was used.

Results According to pre‑pregnancy BMI, a little more than half people (56.6%) were overweight or obese. 85.4% 
women in the first trimester and 49.1% in the second trimester did not have adequate GWG, but in the third trimester 
(38.9%) had adequate GWG. Based on multivariate analysis, pre‑ pregnancy BMI has a significant effect on the odds of 
inadequate GWG (P‑value = 0.021); with one unit increase in pre‑pregnancy BMI, the odds of inadequate GWG grows 
by 1.07 times compared to adequate and excessive GWG.

Conclusions In general, women did not have adequate weight gain in the first and second trimesters.Thus, design‑
ing appropriate interventions to achieve optimal GWG seems to be necessary in slums.

Keywords Gestational weight gain, Slum areas, Multilevel ordinal models

Introduction
Gestational weight gain (GWG) is a unique and complex 
biological phenomenon to support normal fetal growth 
and development [1]. This phenomenon is caused by 
changes in the uterus and its contents such as placenta, 
amniotic fluid, fetus, as well as metabolic changes in the 
mother’s body, including the accumulation of fluid and 
fat [2]. The U.S. Institute of Medicine (IOM) has rec-
ommended guidelines to help physicians in monitoring 
adequate GWG [3]. According to these guidelines, the 
recommended GWG for different groups of pregnant 
women according to the pre-pregnancy body mass index 
is different (they will be presented later in Table 1) [4].
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Although the underlying mechanisms of the GWG 
have not yet been well explained [1], the results of vari-
ous studies have shown that nonoptimal GWG, whether 
insufficient or excessive, is associated with a number of 
complications for both mother and infant. For example, 
women who gain less weight than the IOM recommen-
dations are more likely to experience preterm labor and 
will have low birth weight infants [1]. In contrast, women 
who gain more weight than medical recommendations 
may face pregnancy complications such as preeclamp-
sia, gestational diabetes, as well as complications, travail, 
and cesarean Sect.  [5–7]. Non-optimal weight gain dur-
ing pregnancy affects the pregnancy outcomes and has a 
negative impact on weight throughout life [8, 9].

While excessive GWG is a major concern in developed 
countries, malnutrition and inadequate GWG are com-
mon among women in low- and middle-income countries 
[10, 11]. Based on the results of studies, more than half 
of American women have excessive GWG. However, the 
Asian women have the highest prevalence of inadequate 
GWG (31%) [12]. Iran, as one of the developing countries 
in Southwest Asia, is no exception to this rule. For exam-
ple, a study reported that 45.9% of Iranian women do not 
succeed to gain normalweight during pregnancy [13].

The IOM acknowledged that in addition to biology and 
individual behaviors, environmental factors also have a 
significant impact on GWG, and called for studies to be 
conducted to extensively examine social, cultural, and 
environmental contexts that influence GWG [4]. The 
results of research on social and environmental determi-
nants suggest that residential area is associated with both 
inadequate GWG and excessive GWG [9, 14, 15]. Never-
theless, so far, few studies have examined the relationship 
between GWG and residential area. For example, in a 
study conducted in neighborhoods that were more likely 
to be socioeconomically disadvantaged, the relationship 
between poor neighborhood and gestational weight gain 
and gestational weight loss was examined [9]. In another 
study conducted in 2017, the relationship between resi-
dence in high-violence neighborhoods and GWG was 
assessed [15]. However, according to our search in 

various databases, so far no study has examined the sta-
tus of GWG in the slums areas of Iran. The word “slum” is 
often defined as an informal residence in the outer parts 
of a city or even in the inner parts of a city [16]. Most 
slum dwellers are people who migrate to the big cities in 
the hope of finding a job and better financial means. They 
settle in insecure homes (such as windowless, earthen 
floor, leaky walls) or in unstable structures that are not 
strong enough against floods and earthquakes [17]. Pov-
erty, lack of facilities and infrastructure, lack of access to 
safe drinking water resources, high density, limited access 
to health services, malnutrition and exposure to infec-
tious diseases are the most important characteristics 
of residents of slums areas, which has created complex 
conditions in terms of access to health indicators for its 
residents [18–20]. Nearly one billion people worldwide 
now live in slum areas [16]. In Iran, the trend of living 
in this areas is growing due to the speed of urbanization 
[21]. Hamadan, which is one of the cities located in the 
mountainous region of western Iran, has many slums 
areas; according to the latest census conducted in 2017, 
39% of its inhabitants reside in slums areas [17]. Thus, 
based on the above studies, it seems that conducting 
research in this regard would help healthcare policymak-
ers to enhance the health level of pregnant women living 
in these regions. In addition, most available studies have 
evaluated women’s weight gain status only at two time 
points (pre-pregnancy weight and postpartum weight) [9, 
15] and are therefore unable to detect different patterns 
of GWG over weeks of pregnancy (1–41  weeks) and in 
turn different trimesters of pregnancy. Thus, in this study, 
we tried to determine the trend of GWG changes during 
the weeks of pregnancy in the suburban women of Ham-
adan using the multilevel ordinal model, which takes into 
account the longitudinal structure of the data.

Materials and methods
Study population and data collection
In this longitudinal study, the study sample consisted of 
pregnant women who referred to health care clinics in 
the slum areas of Hamadan in Iran from February 2021 

Table 1 recommendations for total and rate of weight gain during pregnancy, by pre‑pregnancy BMI

Source: Guidelines on Maternal Nutrition in Iran [26] adopted from Institute of Medicine, 2009

Pre-pregnancy BMI (kg/m2) Category of Pre –pregnancy BMI Total weight gain range (kg) Rates of weight gain from the 
beginning of week 13 onwards (kg 
/ week)

< 18.5 under weight 12.5–18 0.51 (0.44–0.58)

18.5–24.9 normal weight 11.5–16 0.42 (0.35–0.50)

25–29.9 over weight 7–11.5 0.28 (0.23–0.33)

≥ 30 obese 5–9 0.22 (0.17–0.27)
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to February 2022 and their information was recorded 
in “sib” (an abbreviation for the Persian equivalent of 
“integrated health system”). In the Sib system, which is a 
comprehensive electronic system, all information related 
to Iranian households and the type of health services 
required is recorded [22]. The number of slum centers 
in the present study was nine health care clinics and in 
each clinic, the information of all pregnant women was 
examined. We excluded from this sample women who 
had twins, as well as those whose weight information was 
not recorded. Gestational age was determined based on 
the date of the last menstrual period and was confirmed 
by ultrasound. All weight measurements were performed 
by experienced midwives using a digital smart scale with 
an accuracy of 100  g. The information related to 676 
pregnant women was recorded, of which 167 values were 
missing, so these missing observations were removed 
from the total data with listwise form, and 509 pregnant 
women who were followed up during the weeks of preg-
nancy were analyzed. The number of visits of these 509 
pregnant women was 1663 times in total.

Predictive variables
Predictor variables were considered based on the lit-
erature and in the form of socio-economic variables, 
maternal characteristics, and an environmental variable. 
Variables of age, level of education (less than diploma 
(less than upper secondary education) / diploma (com-
pletion of upper secondary education) / higher than 
diploma (higher than upper secondary education)), 
maternal-employment status (housekeeper, other), hus-
band employment status (self-employed / unemployed 
/ worker / employee), and health insurance status (yes / 
no) were considered as socio-economic predictors. Based 
on definition the Merriam-Webster Dictionary, a house-
keeper is a “member of a household who manages the 
domestic duties of the household”, a worker is “a person 
who does a particular job to earn money.” Whereas, an 
employee is “a person who works for another person or 
for a company for wages or a salary [23]”.

Variables of pre-pregnancy BMI (kg/m2), height, 
number of previous live child, history of abortion (yes 
/ no), and planned pregnancy (yes /no) constituted the 
maternal characteristics. Season of conception (spring / 
summer / autumn or winter) was also considered as an 
environmental factor.

Weight measurement before and during pregnancy
According to the care protocols of the Ministry of Health 
of Iran, in this study the visit times refers to the pre-
pregnancy time and time when a pregnant woman comes 
for prenatal care, defined as weeks 6–10, 11–15, 16–20, 
21–25, 26–30, 31–34, 35–37, 38, 39, and 40 [24]. These 

visit times can be divided according to the trimesters of 
pregnancy as follows: the first trimester of pregnancy 
(weeks 1–13), the second trimester of pregnancy (weeks 
14–26), and the third trimester of pregnancy (weeks 
27–40) [25].

The best criterion for determining the appropriate 
weight gain range for women during pregnancy is the use 
of BMI based on pre-pregnancy weight. If pre-pregnancy 
weight is not recorded, the pregnant woman’s weight at 
the first visit (during the first 13 weeks of pregnancy) is 
considered as the initial weight of the pregnancy, pro-
vided that she does not have severe weight loss due to 
pregnancy nausea and vomiting [26].

In this study, pre-pregnancy BMI was calculated by 
respondents’ height and weight before pregnancy and 
classified into four groups according to WHO standard 
criteria (Table  1) [27]. Also, the allowable total weight 
gain range and rates of weight gain from the beginning of 
week 13 onwards according to the IOM recommendation 
is presented in this table [28]. Women with GWG under 
the recommended range are considered as inadequate 
weight gain, those with GWG within the recommended 
range are regarded as adequate weight gain, and women 
with GWG above the recommended range are consid-
ered as excessive weight gain [29].

Statistical methods and software
Samples were described using appropriate descriptive 
statistics. In order to compare the characteristics of preg-
nant women in different categories of pre-pregnancy 
BMI, analysis of variance test for quantitative variables 
and Chi-square test for qualitative variables were used. 
Also, in order to determine the factors affecting GWG 
and the trend of its changes during the weeks of preg-
nancy, a multilevel ordinal logistic regression model was 
used. All tests were performed at a significance level of 
0.05.

Multilevel ordinal logistic regression model
Multilevel models have been extensively developed for 
longitudinal data analysis. The simplest structure in a 
multi-level model is a 2-level model. In 2-level models, 
repetitive observations (level-1) are nested in individu-
als (level-2). In the present study, repeated measures 
included the weight of pregnant women during the 
weeks of pregnancy (level-1); these measures were nested 
within women (level-2). A 2-level ordinal logistics model 
with the random intercept is shown as follows:

where αc is the C-1 intercept for the C ordinal model, 
xij ’ s represent explanatory variables related to fixed 

(1)
logit P Yij ≤ c = αc + x

′

ijβ + u0i; c = 1.2. . . . .C− 1
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effects, and u0i is the random intercept, which is assumed 
to have a normal distribution. In the present study, Yij rep-
resents the outcome which is considered as inadequate, 
normal, and excessive weight gain respectively (C = 3). 
In this representation, a positive value of the beta coef-
ficient indicates that higher values of the related explana-
tory variable are less associated with a higher probability 
of being in the GWG groups. Model 1 is called the pro-
portional odds model since the effect of each factor (β) is 
the same across all outcome classes. However, sometimes 
it is possible that in one study the effect of some factors 
is the same among the outcome categories, but the effect 
of other factors changes between the outcome categories, 
which in this case the partial proportional odds model is 
used:

In the above model, the xij effect is the same across all 
categories, but the x∗ij effect changes as the categories 
change [30]. In order to find the best model from among 
the proportional and partial proportional odds models, a 
model can be selected that has the lowest Akaike infor-
mation criterion (AIC).

Software
In order to describe the data as well as to compare the 
characteristics of individuals in different categories 
of pre-pregnancy BMI, SPSS software version 24 was 
used. Also to fit the multilevel ordinal logistic regression 
model, the clmm2 function in the ordinal package [31] in 
R4.0.3 software was employed.

Results
According to the results of Table 2, among 509 pregnant 
women based on pre-pregnancy BMI, 19 (3.7%) subjects 
were underweight, 202 (39.7%) subjects were normal 
weight, and 192 (37.7%) subjects were overweight, with 
96 (18.9%) subjects being obese. The mean age of all par-
ticipants was 28.54 ± 6.01 years. Most of the subjects, i.e. 
361 (71.1%), were within the age range of 20–34  years 
where the mean age of overweight and obese women 
was significantly higher than that of the other two groups 
(P-value < 0.001). More than half of pregnant women 
(52.3%) had less than diploma education and a very large 
percentage of them (81.5%) were housewives About 
half of all pregnancies (47.9%) have occurred in spring. 
Groups of weight were significantly different in terms of 
planned pregnancy status (P-value = 0.001); underweight 
women had the highest percentage (73.7%) of unplanned 
pregnancies. Among the total participants, 78.2% had no 
underlying disease.

(2)
logit

[

P
(

Yij ≤ c
)]

= αc + x
′

ijβ + (x∗ij)
′

βc + u0i; c = 1.2. . . . .C− 1

The results presented in Table 3 are based on data from 
1663 visits from 509 pregnant women; during each tri-
mester, a woman may has visited several times. Accord-
ing to the results of this table, 594 pregnant women 
referred in the first trimester, 825 subjects in the second 
trimester, and 244 subjects in the third trimester. A very 
large percentage of subjects (85.4%) in the first trimes-
ter and nearly half of the subjects (49.1%) in the second 
trimester did not have adequate weight gain, but in the 
third trimester, most women (38.9%) gained adequate 
weight or (36.5%) gained excessive weight.

According to the AIC, the multilevel ordinal model 
with partial proportional odds in which the effect of 
the predictor of the week of visit has not been the same 
among cumulative logits, was a more appropriate model 
(with less AIC) to identify the factors affecting GWG 
than the model with proportional odds (AIC = 2495.121, 
2603.546, respectively). The results of its fitting are pre-
sented in Table  4. Since the outcome under considera-
tion (GWG) had three categories (inadequate weight 
gain, adequate weight gain, and excessive weight gain), 
the ordinal model was expressed using two cumulative 
logit models. The first cumulative logit model expresses 
the odds of inadequate weight gain versus adequate and 
excessive weight gain (group 1 vs. groups 2 and 3). The 
second cumulative logit model expresses the odds of 
excessive weight gain versus inadequate and adequate 
weight gain (group 3 vs. groups 1 and 2).

Based on the results of fitting multi-level ordinal 
models reported in Table  4, pre- pregnancy BMI has 
a significant effect on the odds of inadequate GWG 
(P-value = 0.021); with one unit increase in pre-preg-
nancy BMI, the odds of inadequate GWG grows by 
1.07 times compared to adequate and excessive GWG. 
Although the odds of excessive weight gain during preg-
nancy in women who become pregnant in the autumn 
and winter are almost twice the odds in mothers who 
become pregnant in the spring, but the Wald test showed 
that this relationship was not statistically significant 
(OR = 2.070; 95% CI: 0.839, 5.097; P-value > 0.05). Also, 
based on the sample information in the present study, the 
odds of inadequate weight gain in pregnant women with 
unplanned pregnancies is 1.685 times higher than women 
with planned pregnancies, but this relationship was not 
statistically significant (OR = 1.685; 95% CI: 0.742, 3.70; 
P-value > 0.05). For other variables, OR’s with confidence 
intervals is reported in the Table 4.

Figure  1 displays the pattern of GWG probability 
changes obtained from a multilevel ordinal model with 
partial proportional odds. According to the results 
of Fig. 1, up to the 19th week of pregnancy (middle of 
second trimester), the probability of inadequate weight 
gain is higher than that of adequate and excessive 
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weight gain. However, after the 19th week of pregnancy, 
the probability of adequate weight gain rises while 
the probability of inadequate weight gain decreases, 
where the excessive weight gain grows with a moder-
ate slope. At 25–30 weeks of pregnancy, the probability 
of adequate weight gain is located at the highest point. 
From week 30 onwards, the probability of excessive 
weight gain rises with a steeper slope, and the trend of 
the probability of inadequate weight gain continues to 
decline.

In general, as the number of weeks of pregnancy 
increased, the probability that pregnant women expe-
rience inadequate weight gain decreased in this study. 
By the 30th weeks, women are more likely to gain 
adequate weight, but from the 30th week onwards, the 

Table 2 Demographical feature and status of 509 pregnant women in pre‑pregnancy time at 2021–2022

*  significant test in level 0.05

Quantitative features Under weight 
(Mean ± SD)

Normal weight 
(Mean ± SD)

Over weight 
(Mean ± SD)

Obese (Mean ± SD) Test Statistic p-value

maternal age (year) 25.09 ± 5.55 27.48 ± 6.02 29.67 ± 5.57 29.19 ± 6.35 7.093 < 0.001*

Pre-pregnancy BMI (kg/m2) 17.19 ± 0.943 22.54 ± 1.73 27.35 ± 1.50 32.61 ± 2.46 876.180 < 0.001*

Height (cm) 162.42 ± 4.38 160.41 ± 6.06 160.97 ± 6.30 160.59 ± 6.19 0.779 0.506

Qualitative features Count (%) p-value
Under weight 
(n = 19)

Normal weight 
(n = 202)

Over weight 
(n = 192)

Obese (n = 96) Total

Level of educa-
tion

< diploma 12(63.2) 109(54.0) 92(47.9) 53(55.2) 266(52.3) 0.102

diploma 3(15.8) 62(30.7) 57(29.7) 34(35.4) 156(30.6)

> diploma 4(21.1) 31(15.3) 43(22.4) 9(9.4) 87(17.1)

Season of con-
ception

Spring 7(36.8) 92(45.5) 96(50.0) 49(51.0) 244(47.9) 0.797

Summer 10(52.6) 79(39.1) 69(35.9) 33(34.4) 191(37.5)

Autumn and 
winter

2(10.5) 31(15.3) 27(14.1) 14(14.6) 74(14.5)

Maternal-
Employment 
Status

Housekeeper 15(78.9) 157(77.7) 163(84.9) 80(83.3) 415(81.5) 0.298

Non House 
keeper

4(21.1) 45(22.3) 29(15.1) 16(16.7) 94(18.5)

Husband 
Employment 
Status

Self-employed 11(57.9) 124(61.4) 116(60.4) 64(66.7) 315(61.9) 0.160

Unemployed 4(21.1) 21(10.4) 8(4.2) 6(6.3) 39(7.7)

Worker 3(15.8) 43(21.3) 51(26.6) 19(19.8) 116(22.8)

Employee 1(5.3) 14(6.9) 17(8.9) 7(7.3) 39(7.7)

Number of previ-
ous live child

Zero 10(52.6) 93(46.0) 62(32.3) 27(28.1) 192(37.7) 0.002*

One 8(42.1) 85(42.1) 84(43.8) 44(45.8) 221(43.4)

Two or more 1(5.3) 24(11.9) 46(24.0) 25(26.0) 96(18.9)

History of abor-
tion

Yes 0(0.00) 13(6.4) 16(8.3) 5(5.2) 34(6.7) 0.465

No 19(100) 189(93.6) 176(91.7) 91(94.8) 475(93.3)

Planned preg-
nancy

Yes 5(26.3) 85(42.1) 109(56.8) 57(59.4) 256(50.3) 0.001*

No 14(73.7) 117(57.9) 83(43.2) 39(40.6) 253(49.7)

Health insurance 
status

Yes 16(84.2) 182(90.1) 169(88.0) 87(90.6) 454(89.2) 0.768

No 3(15.8) 20(9.9) 23(12.0) 9(9.4) 55(10.8)

Underlying 
disease

Yes 3(15.8) 43(21.3) 41(21.4) 24(25.0) 111(21.8) 0.793

No 16(84.2) 159(78.7) 151(78.6) 72(75.0) 398(78.2)

Table 3 Weight gain status across time by group: response 
proportions and sample sizes

Timpoint of visit

Weight gain First trimester Second 
trimester

Third trimester

Inadequate 
weight gain

507(85.4) 405(49.1) 60(24.6)

Adequate weight 
gain

29(4.9) 273(33.1) 95(38.9)

Excessive weight 
gain

58(9.8) 147(17.8) 89(36.5)

N 594 825 244
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probability of adequate weight gain gradually dimin-
ishes compared to previous weeks and the probability 
of excessive weight gain increases, to the extent that in 
the last week of pregnancy these two graphs become 
almost equal.

Discussion
Weight gain during pregnancy is an influential factor in 
maternal and fetal health [15]. Pregnancy care, includ-
ing monitoring pregnancy weight in slums communities, 
is faces with many challenges due to poverty and lack 
of facilities as well as lack of access to health care [32]. 
Thus, due to the importance of this issue, in this study we 
tried to identify the factors affecting GWG in women in 
slum areas of Hamadan as well as to determine the gen-
eral trend of its changes during the weeks of pregnancy. 
Note that based on the review of texts, no study has been 
conducted on this issue in the slums of Iran. According 
to the results of this study, a little more than half of preg-
nant women (56.6%) were overweight or obese based on 

pre-pregnancy BMI and most of them did not gain nor-
mal weight in the first and second trimesters. Perhaps 
one of the most important factors related to overweight 
or obese before pregnancy is inactivity among women 
residing in slum areas [33]. The women living in slum 
areas do not have adequate physical activity due to lack 
of facilities and suitable places for physical activity, lack 
of necessary support from relevant organizations, as well 
as traditional attitudes about women’s physical activ-
ity. On the other hand, it seems that one of the causes 
of overweight in slum areas is their type of diet. In poor 
areas, due to high protein costs and lack of access to fresh 
foods, consumption of carbohydrate and fat is high [34, 
35]. Also, from the results of studies, it can be found that 
carbohydrate consumption is positively associated with 
obesity [36]. Nevertheless, although most people were 
overweight or obese before pregnancy, a very large per-
centage of people (85.4%) in the first trimester as well as 
about half of the people (49.1%) in the second trimester 
did not gain adequate weight. According to the results 

Table 4 Estimates for parameters of partial‑proportional odds model

SE Standard error

* indicates p < 0.05, 95% CI indicates 95% confidence interval for OR
a  logit comparing inadequate weight gain vs. adequate and excessive weight gain
b  logit comparing excessive weight gain vs. inadequate and adequate weight gain

Variable Partial-proportional P-value

(Inadequate | Adequate)a (Adequate | Excessive)b

Estimate (SE) OR (95% CI) Estimate (SE) OR (95% CI)

Week of visit ‑0.238(0.014) 0.788(0.766,0.810) 0.110(0.011) 1.116(1.09, 1.140) ‑

Pre-pregnancy BMI 0.068(0.029) 1.070(1.011, 1.133) ‑0.068(0.029) 0.934(0.883,0.989) 0.021*

Maternal age 0.030(0.025) 1.030(0.981, 1.082) ‑0.030(0.025) 0.971(0.924, 1.019) 0.239

Maternal education (Lower than diploma as reference)
 Diploma ‑0.070(0.290) 0.932(0.528,1.646) 0.070(0.290) 1.073(0.607, 1.893) 0.809

 College grad ‑0.364(0.374) 0.694(0.334,1.446) 0.364(0.374) 1.440(0.691, 2.995) 0.330

Number of previous live births (Zero as reference)
 One 0.128(0.423) 1.137(0.496,2.60) ‑0.128(0.423) 0.879(0.384, 2.016) 0.762

 Two or more ‑0.026(0.515) 0.974(0.355,2.673) 0.026(0.515) 1.026(0.374, 2.816) 0.959

Planned pregnancy (Yes as reference)
 No 0.505(0.410) 1.658(0.742, 3.70) ‑0.505(0.410) 0.603(0.270, 1.348) 0.218

Underlying disease (No as reference)
 Yes ‑0.543(0.312) 0.581(0.315,1.071) 0.543(0.312) 1.722(0.934, 3.172) 0.081

Season of conception (Spring as reference)
 Summer ‑0.015(0.286) 0.985(0.562, 1.725) 0.015(0.286) 1.015(0.579, 1.778) 0.959

 Autumn & winter ‑0.727(0.460) 0.483(0.196, 1.191) 0.727(0.460) 2.070(0.839, 5.097) 0.114

Husband Employment-Status (Self-employed as reference)
 Unemployed ‑0.729(0.503) 0.482(0.180, 1.293) 0.729(0.503) 2.073(0.773, 5.556) 0.147

 Worker ‑0.059(0.311) 0.943(0.512, 1.734) 0.059(0.311) 1.061(0.576, 1.951) 0.849

 Employee 0.291(0.483) 1.334(0.519, 3.448) ‑0.291(0.483) 0.747(0.290, 1.926) 0.547

Random components of partial -proportional odds
 Intercept sd 2.314
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of Fig.  1, up to the 19th week of pregnancy (middle of 
second trimester), the probability of inadequate weight 
gain has been higher than that of adequate and exces-
sive weight gain. A study conducted in 2014 also shows 
that women residing in socio-economically disadvan-
taged neighborhoods gain inadequate weight during 
pregnancy [9]. This is because living in poor areas affects 
the health of pregnant women through lack of access to 
healthy food options, limited health care options [9], and 
exposure to stressors such as violence and crime [15] that 
occur abundantly in these neighborhoods. On the other 
hand, according to the results of other studies, when 
pre-pregnancy BMI increases, GWG decreases, both in 
general and in trimesters [37]. In our study, since most 
people were overweight or obese before pregnancy, this 
has not been very unexpected. Also, one of the causes of 
inadequate weight gain in the first trimester can be attrib-
uted to morning sickness. Nausea and vomiting are com-
mon pregnancy experiences that affect approximately 
two-thirds of pregnant women and are symptoms of the 
first trimester of pregnancy [38]. Meanwhile, there is evi-
dence from previous studies suggesting that weight gain 
in the second trimester and / or third trimester strongly 
affects the birth weight and infant growth. For example, 
a prospective cohort study found that although GWG 
is positively correlated with birth weight in all three tri-
mesters, the second trimester has the most impact [7]; 
weight loss in this trimester will cause the birth of low-
birth-weight infants [39]. Thus, effective interventions to 
compensate for GWG in the second trimester in these 
areas should be given high priority by health officials. 
The study showed that, although women who became 
pregnant in the autumn and winter had a higher odds for 
experience excessive weight gain during pregnancy, but 

it was not statistically significant. The study conducted 
in rural Bangladesh also had similar results [10]. This 
is because these people spend the second and third tri-
mesters of their pregnancies in the spring and summer, 
when access to food resources is greater [10]. Since the 
majority of women in the present study had a diploma or 
lower education level and in terms of employment they 
were housewives, creating appropriate strategies can be 
effective in improving the health literacy of households in 
these areas. The strength of the present study has been 
the availability of pre-pregnancy BMI data (strong pre-
dictor of GWG) in most participants (91%) as well as 
the evaluation of GWG in all weeks of pregnancy, and 
of course use of multi-level models that are accurate in 
outcome prediction [40]. However, one of the limitations 
of our study was the lack of access to information on 
nutritional factors of pregnant women residing in slum 
areas. Also, since dietary habits before and during preg-
nancy have a potential effect on GWG and maternal and 
fetal health [41], it is suggested that the effect of these 
factors be also examined in future studies. It is also sug-
gested that the relationship between trimesters specific 
GWG with the weight of infants born be examined in 
these areas. Future studies can also compare GWG rates 
in women living in slum areas with areas with a higher 
socio-economic level.

Conclusion
Recommendations related to normal weight gain dur-
ing pregnancy is one of the basic measures in the care of 
this period, which should be provided at the first visit and 
after confirmation of the mother’s pregnancy. It is also 
necessary to monitor the mother’s weight gain under the 
supervision of health center Employees. According to the 

Fig. 1 Graph of the pattern of changes in GWG probability (inadequate, adequate, and excessive weight gain) during the weeks of pregnancy 
(weeks 1–40)
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results of this study, most people were overweight and 
obese before pregnancy and women’s weight gain in the 
first and second trimesters was inadequate. Therefore, it 
seems necessary that pregnant mothers in slums areas 
who are economically and socially poor and do not have 
enough access to health care centers should be identified 
and covered by support institutions.

Acknowledgements
The authors thank the health center Employees who allowed the study to be 
conducted on service centers.

Authors’ contributions
ZM, AM, and JF contributed to designing the study, KH E collected the data, 
and analyzed by ZM and JF. The final report and manuscript were written by 
ZM and JF. All the authors read and approved the version for submission.

Funding
The study was funded by Vice‑chancellor for Research and Technology, Hama‑
dan University of Medical Sciences (No. 9904031998).

Availability of data and materials
The data set analyzed during the present study is not available to the public 
because it belongs to the “sib” system and has a limited use license, but is 
available at the reasonable request of the corresponding author.

Declarations

Ethics approval and consent to participate
The study was approved by research ethics committee of Hamadan University 
of Medical Sciences, Hamadan, Iran (approval id: IR.UMSHA.REC.1399.105). 
Details of the participants were collected without including the name. In 
addition, individuals’ information was kept confidential. The written informed 
consent was obtained from all subjects. All methods were carried out in 
accordance with relevant guidelines and regulations.

Consent for publication
Not applicable.

Competing interests
The authors report no conflict of interest in the undertaking of this research.

Received: 6 June 2022   Accepted: 18 January 2023

References
 1. Wen T, Lv Y. Inadequate gestational weight gain and adverse pregnancy 

outcomes among normal weight women in China. Int J Clin Exp Med. 
2015;8(2):2881.

 2. Dahake ST, Shaikh UA. Maternal early pregnancy body mass index and 
pregnancy outcomes among nulliparous women registered in tertiary 
care hospital and urban slum hospital of a metropolitan city. J Educ 
Health Promot. 2020;9:159.

 3. Luke B. Nutrition during pregnancy: Part i, weight gain; part ii, nutrient 
supplements. JAMA. 1991;265(2):281–2.

 4. Rasmussen KM, Yaktine AL. Weight gain during pregnancy: reexamining 
the guidelines. 2009.

 5. Viswanathan M, Siega‑Riz AM, Moos MK, Deierlein A, Mumford S, Knaack 
J, et al. Outcomes of maternal weight gain. Evid Rep Technol Assess. 
2008;168:1–223.

 6. Alavi N, Haley S, Chow K, McDonald S. Comparison of national gestational 
weight gain guidelines and energy intake recommendations. Obes Rev. 
2013;14(1):68–85.

 7. Margerison‑Zilko CE, Shrimali BP, Eskenazi B, Lahiff M, Lindquist 
AR, Abrams BF. Trimester of maternal gestational weight gain and 

offspring body weight at birth and age five. Matern Child Health J. 
2012;16(6):1215–23.

 8. Davis EM, Stange KC, Horwitz RI. Childbearing, stress and obesity 
disparities in women: a public health perspective. Matern Child Health J. 
2012;16(1):109–18.

 9. Mendez DD, Doebler DA, Kim KH, Amutah NN, Fabio A, Bodnar LM. 
Neighborhood socioeconomic disadvantage and gestational weight 
gain and loss. Matern Child Health J. 2014;18(5):1095–103.

 10. Hasan ST, Rahman S, Locks LM, Rahman M, Hore SK, Saqeeb KN, et al. 
Magnitude and determinants of inadequate third‑trimester weight gain 
in rural Bangladesh. PLoS ONE. 2018;13(4): e0196190.

 11. Mola G, Kombuk B, Amoa A. Poor weight gain in late third trimester: a 
predictor of poor perinatal outcome for term deliveries? P N G Med J. 
2011;54(3/4):164–73.

 12. Goldstein RF, Abell SK, Ranasinha S, Misso ML, Boyle JA, Harrison CL, et al. 
Gestational weight gain across continents and ethnicity: systematic 
review and meta‑analysis of maternal and infant outcomes in more than 
one million women. BMC Med. 2018;16(1):1–14.

 13. Yekta Z, Ayatollahi H, Porali R, Farzin A. The effect of pre‑pregnancy 
body mass index and gestational weight gain on pregnancy out‑
comes in urban care settings in Urmia‑Iran. BMC Pregnancy Childbirth. 
2006;6(1):1–8.

 14. Laraia B, Messer L, Evenson K, Kaufman JS. Neighborhood factors 
associated with physical activity and adequacy of weight gain during 
pregnancy. J Urban Health. 2007;84(6):793–806.

 15. Galin J, Abrams B, Leonard SA, Matthay EC, Goin DE, Ahern J. Living in vio‑
lent neighbourhoods is associated with gestational weight gain outside 
the recommended range. Paediatr Perinat Epidemiol. 2017;31(1):37–46.

 16. Moeini B, Rezapur‑Shahkolai F, Jahanfar S, Naghdi A, Karami M, Ezzati‑
Rastegar K. Utilizing the PEN‑3 model to identify socio‑cultural factors 
affecting intimate partner violence against pregnant women in Subur‑
ban Hamadan. Health Care Women Int. 2019;40(11):1212–28.

 17. Moeini B, Jahanfar S, Rezapur‑Shahkolai F, Karami M, Naghdi A, Ezzati‑
Rastegar K. Prevalence of intimate partner violence among pregnant 
women in the poor neighborhoods of Hamadan. Iran Violence and 
victims. 2021;36(4):565–79.

 18. Chowdhury FJ, Amin AN. Environmental assessment in slum improve‑
ment programs: some evidence from a study on infrastructure projects in 
two Dhaka slums. Environ Impact Assess Rev. 2006;26(6):530–52.

 19. Lall SV, Lundberg MK, Shalizi Z. Implications of alternate policies on 
welfare of slum dwellers: evidence from Pune. India Journal of urban 
Economics. 2008;63(1):56–73.

 20. Asthana S. Variations in poverty and health between slum settle‑
ments: contradictory findings from Visakhapatnam. India Soc Sci Med. 
1995;40(2):177–88.

 21. Amiresmaeili M, Yazdi‑Feyzabadi V, Heidarijamebozorgi M. Prevalence of 
food insecurity and related factors among slum households in Kerman, 
south of Iran. Int J Health Plann Manage. 2021;36(5):1589–99.

 22. Khammarnia M, Setoodehzadeh F, Peyvand M, Setayesh AH, Rezaei K, 
KordTamini A, et al. Evaluation of integrated health system technology 
acceptance among the users of health centers of Zahedan Univer‑
sity of Medical Sciences: Iran. Evid Based Health Policy Manag Econ. 
2019;3(3):154–61.

 23. Dictionary M‑W. Merriam‑webster. On‑line at https:// www. merri am‑ 
webst er. com/.

 24. Farajzadegan Z, Pozveh ZA. The design of maternal centered life‑style 
modification program for weight gain management during pregnancy—
a study protocol. J Res Med Sci. 2013;18(8):683.

 25. Chmitorz A, von Kries R, Rasmussen KM, Nehring I, Ensenauer R. Do 
trimester‑specific cutoffs predict whether women ultimately stay within 
the Institute of Medicine/National Research Council guidelines for ges‑
tational weight gain? Findings of a retrospective cohort study. Am J Clin 
Nutr. 2012;95(6):1432–7.

 26. Guideline to weighing during pregnancy. On‑line at https:// behda sht. 
gov. ir/.

 27. Hughes MM, Black RE, Katz J. 2500‑g low birth weight cutoff: history 
and implications for future research and policy. Matern Child Health J. 
2017;21(2):283–9.

 28. Wanyama R, Obai G, Odongo P, Kagawa MN, Baingana RK. Are women 
in Uganda gaining adequate gestational weight? A prospective study in 
low income urban Kampala. Reprod Health. 2018;15(1):1–8.

https://www.merriam-webster.com/
https://www.merriam-webster.com/
https://behdasht.gov.ir/
https://behdasht.gov.ir/


Page 9 of 9Manoochehri et al. BMC Public Health          (2023) 23:187  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 29. Pregnancy WGD. Reexamining the guidelines. Washington DC: National 
Academy of Sciences; 2009.

 30. Raman R, Hedeker D. A mixed‑effects regression model for three‑level 
ordinal response data. Stat Med. 2005;24(21):3331–45.

 31. Christensen RHB. A tutorial on fitting cumulative link mixed models with 
clmm2 from the ordinal package. Tutorial for the R package ordinal. 
2019;1. https:// cran.r‑ proje ct. org/ web/ packa ges/ ordin al/ Acces sed.

 32. Nasrin M, Sarker MNI, Huda N. Determinants of health care seek‑
ing behavior of pregnant slums dwellers in Bangladesh. Med Sci. 
2019;23(95):35–41.

 33. Mobley LR, Root ED, Finkelstein EA, Khavjou O, Farris RP, Will JC. Environ‑
ment, obesity, and cardiovascular disease risk in low‑income women. Am 
J Prev Med. 2006;30(4):327–32 e1.

 34. Erokhin V, Diao L, Gao T, Andrei J‑V, Ivolga A, Zong Y. The supply of calo‑
ries, proteins, and fats in low‑income countries: a four‑decade retrospec‑
tive study. Int J Environ Res Public Health. 2021;18(14):7356.

 35. Brooks RC, Simpson S, Raubenheimer D. The price of protein: combining 
evolutionary and economic analysis to understand excessive energy 
consumption. Obes Rev. 2010;11(12):887–94.

 36. Kelly T, Unwin D, Finucane F. Low‑Carbohydrate diets in the manage‑
ment of obesity and type 2 diabetes: a review from clinicians using the 
approach in practice. Int J Environ Res Public Health. 2020;17(7):2557.

 37. Gonzalez‑Ballano I, Saviron‑Cornudella R, Esteban LM, Sanz G, Castán S. 
Pregestational body mass index, trimester‑specific weight gain and total 
gestational weight gain: how do they influence perinatal outcomes? J 
Matern Fetal Neonatal Med. 2021;34(8):1207–14.

 38. Flaxman SM, Sherman PW. Morning sickness: a mechanism for protecting 
mother and embryo. Q Rev Biol. 2000;75(2):113–48.

 39. Sridhar SB, Xu F, Hedderson MM. Trimester‑specific gestational weight 
gain and infant size for gestational age. PLoS ONE. 2016;11(7): e0159500.

 40. Afolabi RF, Palamuleni ME. Multilevel analysis of unhealthy bodyweight 
among women in Malawi: does urbanisation matter? PLoS ONE. 
2021;16(3): e0249289.

 41. Mishra KG, Bhatia V, Nayak R. Maternal nutrition and inadequate gesta‑
tional weight gain in relation to birth weight: results from a prospective 
cohort study in India. Clin Nutr Res. 2020;9(3):213.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

https://cran.r-project.org/web/packages/ordinal/Accessed

	Pattern of weight gain in pregnant women in slum areas of Hamadan using multilevel ordinal regression
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Study population and data collection
	Predictive variables
	Weight measurement before and during pregnancy
	Statistical methods and software
	Multilevel ordinal logistic regression model
	Software

	Results
	Discussion
	Conclusion
	Acknowledgements
	References


