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Abstract
Background
There is a high prevalence of antenatal depression and low birth weight (LBW) (< 2.5 kg) in Ethiopia. Prior evidence revealed that the association between antenatal depression and LBW in high- and low-income countries is conflicting. The effect of antenatal depression on birth weight is under-researched in Ethiopia. We aimed to examine the independent effect of antenatal depression on newborn birth weight in an urban community in Northwest Ethiopia.

Methods
A total of 970 pregnant women were screened for antenatal depression in their second and third trimester of pregnancy through the use of the Edinburgh Postnatal Depression Scale (EPDS). A logistic regression model was used to adjust confounders and determine associations between antenatal depression and low birth weight. Information was collected on the birth weight of newborns and mother’s socio-demographic, anthropometric, obstetric, clinical, psychosocial, and behavioral factors.

Results
The cumulative incidence of LBW was found to be 27.76%. The cumulative incidence of LBW in those born from depressed pregnant women was 40% as compared to 21% in none depressed. While considering all other variables constant, mothers who had antenatal depression were 2.51 (COR = 2.51 (95 CI: 1.87, 3.37)) more likely to have a child with low birth weight. After adjusting for potential confounders, antenatal depression in the second and third trimester of pregnancy (AOR = 1.92 (95% CI: 1.31, 2.81)) remained significantly associated with LBW. Mid-Upper Arm Circumference (MUAC) ≤21, lack of ANC follow up, and preterm births were also associated with LBW.

Conclusion
This study showed that antenatal depression during the second and third trimester of pregnancy is associated with LBW of newborns and replicates results found in high-income countries. Linking early screening, detection, and treatment of antenatal depression into routine antenatal care could be essential to improve pregnancy outcomes.
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Background
The antenatal period is typically referred to as the time from the starting of pregnancy and ends with the onset of labor [1]. The scientific literature indicates that this is a time when a pregnant woman is vulnerable to affective disorders; specifically, these are common in mid and late trimesters [2, 3]. During late pregnancy, fear of childbirth and dysfunctional coping style is associated with emotional disturbance [4]. Pregnancy can intensify the susceptibility to the mental, physical, and psychological health of women and their fetuses [5]. Among mental health problems that occurred during pregnancy, depression is the most prevalent psychiatric disorder affecting pregnant women [3, 6].
The prevalence rate of depression during pregnancy has been significantly higher in developing countries than in developed ones [7]. There is increasing evidence that the rate of depression during pregnancy is two to three times higher in Low and Middle-Income Countries (LMICs) as compared to High-Income Countries (HICs) [8]. In Ethiopia’s context, the prevalence of antenatal depression varies across different parts of the region; it ranges between 11.8% [9] and 31.2% [10].
Depressive symptoms during pregnancy may have devastating effects, not only for the women but also for the birth outcome and family [11]. Pregnant women with depressive symptoms experience social dysfunction, are more emotionally withdrawn, express excessive concern about the pregnancy and their ability to parent [12]. Furthermore, likely of using tobacco, alcohol, drugs, and less likely to have adequate prenatal care are known to affect the fetus, the baby, and the mother herself [13–16]. Besides this pregnant women with depression may also develop increased risk of preeclampsia [17], diabetes [18], and operative deliveries [19]. Reports from LMICs showed that antenatal depression significantly increased the risk of prolonged labor [20].
There is evidence that indicates antenatal depression also has numerous adverse effects on neonatal health outcomes [21–23]. Among these adverse effects, low birth weight is the prominent cause of neonatal, infant, childhood morbidity, mortality, and developmental impairments worldwide [24, 25].
Currently, different organizations are working to reduce LBW globally by 30% by the year 2025 [26]. Despite this activity, more than 20 million infants were born with LBW in 2015, almost half of them in Southern Asia and one quarter in Africa, with the majority born in Eastern and Western Africa [27]. Similarly, in Ethiopia, globally recommended strategies have been implemented. However, according to Ethiopia demographic and health Survey report, LBW is increasing from 11% in 2011 [28] to 13% in 2016 [29], and a variety of studies were conducted to estimate the prevalence of LBW in Ethiopia; ranges from 6.1% [30] to 29.1% [31]. There is spatial clustering of LBW in Ethiopia, specifically in the Amhara region [32],which is the most cause of early neonatal deaths [33, 34] and accounted for the highest case related neonatal mortality [35].
Studies from Australia [36], Finland [37], USA [23], and systematic review and a meta-analysis [38, 39] have reported that antenatal depression is associated with LBW. Few studies from LMICs such as Pakistan [21], India [40], China [41] and Malaysia [42] pointed out that antenatal depression was associated with an increased risk of LBW. In the Ethiopian context, there are only two studies one by Hanlon C.et al. [43] and the other by Fekadu DA et al. [44] that stated the effect of antenatal depression on birth weight, despite the high prevalence of antenatal depression [45, 46]. Of these, one is not specific to depression; instead, it stated the impact of antenatal common mental disorders upon perinatal outcomes [43].
We thought that antenatal depressive symptoms are independent of other factors that reduce the birth weight due to several behavioral features associated with depression: loss of motivation and interest in everyday activities [47],decreased healthy nutrition and increased unhealthy food [48], tendency to consume fewer macronutrients [49], inadequate maternal dietary intake [50] and elevated level of cortisol hormone [51] affect fetal growth and consequently lead to LBW.
Different study findings showed that improving psychosocial health facilities for antenatally depressed women in low-income communities can lead to improved neonatal outcomes [52]. Despite the improvement in health care services in Ethiopia, the status of LBW increases from time to time [28, 29]. This might be due to the recently reported high frequency of antenatal depression reported in a different region of Ethiopia. In this prospective community-based study, we addressed this shortcoming by examining the association between antenatal depression during the second and the third trimester of pregnancy and LBW neonates among urban women in Ethiopia.
Methods
Study design and settings
We conducted a community-based prospective cohort study at Debre Tabor and Woreta towns, which are situated in the South Gondar zone from June 2019 to March 2019 in the Northwest, Ethiopia.
According to the South Gondar zonal catchment profile, the estimated total population of Debre Tabor town was 84,382, of which 40,753 are females. While Woreta town has an estimated population of 41,668, of which 20,507 are females. About 2844 women at Debre Tabor and 1404 women in Woreta towns were estimated to be pregnant per year [53]. In these towns, there were one government-operated referral hospital, five health centers, and ten private health institutions providing health services during the data collection period.
Health extension workers (HEWs) are responsible for performing prevention and promotion activities, identifying and monitoring pregnant mothers, and maintaining up-to-date maternal records in each Kebele which is the lowest administrative unit or village in Ethiopia. The previous year’s report of the district health office showed that the proportion of pregnant women who were using antenatal care services at Debre Tabor and Woreta towns were estimated to be 75 and 64%, respectively [53]. Source population were all live new born from cohort pregnant women recruited at base line at Debre Tabor and Woreta towns and all live new born from cohort pregnant women at Debre Tabor and Woreta towns during the study period were used as study population.
Sample size
The sample size was estimated using the double population formula, with the exposed and non-exposed ratio of 1:2 (exposed are those who are depressed and non-exposed are those who are not depressed). A 95% level of confidence, 80% power and 10% non-response rate were considered.
Cohort recruitment and eligibility
All eligible and consenting women were recruited into the cohort. Pregnant women who were in their 2nd and 3rdtrimesters, and living in Debre Tabor and Woreta Towns for at least the preceding 6 months, and without any cognitive or hearing impairment during the study period were included. Health Extension Workers (HEWs) identify all pregnant women in their respective kebeles and register them based on the criteria mentioned above.
The data collectors (HEWs) conducted an interview through the home-to-home visits to identify pregnant women who were willing to participate in this study and declared untraceable after three recruiting visits had been unsuccessful. All pregnant women who were aware of their pregnancy and fulfilled the criteria from June 2019 to October 2019 were included in the study. A total of 970 eligible women were identified and prospectively followed up until March 2020. Potentially newborn is eligible if they were born alive.
Data quality management
Twenty experienced data collectors and two supervisors participated in the data collection process after 2 days of training. All the data collectors were recruited from each kebeles. The data collectors had a diploma and a degree in nursing. The supervisors had MSc educational level. The training was aimed to help trainees understand the contents of the questionnaire, objectives, and ethical issues relevant to the study. The ongoing quality of the data was closely monitored by supervisors and the authors of the study on a weekly face to face meeting and telephone communications.
Measurement
Primary exposure
Antenatal depression was the primary exposure variable, which was assessed using the Edinburgh Postnatal Depression Scale (EPDS). The EPDS has a sensitivity and specificity of 78.9 and 75.3%, respectively, from a validation study in Ethiopia [54]. It includes ten items with a Likert scale of responses scored from 0 to 3 to a maximum score of 30, which was then coded as a categorical variable score ≥ 12 as indicative of the probable depressive disorder.
EPDS is a preferable scale than other depression scales to screen depression during pregnancy because it removes the physical symptoms of depression associated with pregnancy [55].
Outcome variables
The primary outcome variable was birth weight. Birth weight was categorized as low birth weight (< 2500 g) and normal birth weight (≥2500 g). The weight measurement of the babies was taken from a written paper (birth notification paper) with baby’s weight given from health facilities. If a mother did not have the paper the data collectors take the information from facilities records within 24 h of delivery. If the birth weight was not measured at health facilities, HEWs measured birth weight using Salter scales to the nearest 0.1 g.
Potential confounding variables
The most common potential confounding factors were considered in the present study based on previous literature such as threatening life events, social support, intimate partner violence, any chronic medical condition, ANC visit, history of complications current pregnancy, preterm delivery, history of alcohol consumption, malnutrition and socio-demographic and economic variables, including marital status, wealth index and level of education were also assessed.
Experiences of stressful life events during the 6 months before assessment were assessed using the List of Threatening Experiences (LTE). The scale contains twelve items and includes questions of death, illness, conflicts, and loss of property [56]. The presence of stressful life events explained by experienced one or more stressful life events in the last 6 months. The test-retest reliability of the LTE was good, with a Kappa of 0.61–0.87 and very good predictive validity [57].
The Oslo Social Support Scale (OSSS-3) [58] was used to measure maternal social support during pregnancy. The level of social support is classified as “poor support” 3–8, “moderate support” 9–11, and “strong support,” 12–14 scores. The OSSS-3 consists of three items assessing the number of close intimate, perceived level of concern from others, and perceived ease of getting helps from neighbors. The OSSS-3 has good convergent and predictive validity [59]. Both the LTE-12 and the OSSS-3 have been used in a population-level study in Ethiopia [60].
We identified women who were exposed to Intimate Partner Violence (IPV) during pregnancy by asking pregnant women three questions on emotional IPV, physical IPV, and sexual IPV. The presence of IPV was ascertained by the presence of at least one type of IPV [61].
The history of physician-diagnosed chronic medical conditions, including cardiac disease, hypertension was counted for each woman and recorded as “No” for those without any chronic medical conditions and “Yes” otherwise. The numbers of ANC visits were recorded. Preterm was categorized as Yes if babies were born alive before 37 weeks of pregnancy or No if otherwise. Stillbirth was considered as the death of the fetus after 20 completed weeks of gestation [62]. Gestational age was calculated based on the last normal menstrual period. However, gestational age was measured from ultrasound scan measurement, for women who were found to be unsure date of last normal menstrual period by linking them to the nearest health facility.
History of depression and family history of depression was assessed by using “case vignette”. History of current pregnancy complications: anemia, hypertension, edema, antepartum haemorrhage (APH) were counted for each woman and recorded as “yes/no.” Alcohol use was assessed using a four-item scale, the Fast Alcohol Screening Test (FAST) [63], which ranges from 0 to 16. Hazardous drinking refers to a score of three or more in a FAST scale [63].
The anthropometric indicators of the pregnant women used in the study were MUAC (in cm) to the nearest of 0.1 cm. MUAC is seen as a proxy indicator of the nutritional status of the women as well as it is relatively stable throughout pregnancy [64]; it is a validated and recommended measurement, with a cutoff score of 18 - 22 cm as underweight, and 22.1 - 31 cm as normal [65]. The wealth index was calculated using principal component analysis and categorized into three levels as High, Middle, and Low groups during ranking from the highest (usually the wealthiest) to the lowest scores (usually the poorest).
Analysis strategy
We used Stata software (version 14) for analysis. We run descriptive statistics and correlation of all the quantitative study variables. Percentage values, with their corresponding 95% confidence intervals (CIs), were used to summarize categorical variables. We used the odds ratio to measure the effect of antenatal depression on birth weight. We carried out Univariate logistic regression analyses for each risk factor to identify possible predictors associated with LBW. Variables with a p < 0.2 in the bivariate analyses were included in the multivariable logistic regression. The difference was deemed to be significant if p < 0.05. The total number of loss to follow up was 32 (3.2%). We also used a complete case analysis as it was suggested that less than 5% lost to follow up was with little concern [66, 67].
Ethical considerations
We obtained ethical approval from the Amhara region public health institute and the research ethics review committee of the University of Gondar. Before we want to collect the data participation information sheet was read for all participants and we obtained informed consent for all participants. Initially, pregnant women’s ≥ 2nd trimester was registered by health extension workers in all towns through home to home visits. Then, the sample size was allocated proportionally based on the actual number of registered pregnant women’s after having the list. Those women who were expressing suicidal ideation were referred to Debre Tabor referral Hospital Psychiatry unit for further diagnosis and appropriate management. The decision to refer was made by the project co-coordinator (GM) based on a review of all women who were expressing suicidal ideation.
Results
A flow chart of recruited women and the main outcomes is presented in Fig. 1. In total, 970 pregnant women were eligible to participate; 32 women (3.3%) were excluded during follow–up period from the sample for reasons that refusal to participate and moving from the area. Five pregnant women gave stillbirth. Finally, 933 women were included in the analysis, with a response rate of 96.2%.
[image: ../images/13690_2021_643_Fig1_HTML.png]
Fig. 1Flow chart of recruited pregnant women and outcome of birth weight


The gestational age range from 16 to 34, with average gestation at recruitment was 25.6 weeks. Birth weight range was 1.8 kg to 3.9 kg, and with a mean birth weight (2.71 ± 0.45 SD). Two hundred and fifty-nine babies (27.76%) had a low birth weight i.e. < 2500 g.
Socio-demographic characteristics of the study participants
According to chi square test, none of socio-demographics factors was significant. Out of 933 participants, 401(43%) were between the ages of 25–29 years. The mean (±SD) maternal age was 27.1 ± 4.8y. The data revealed that most of the participants were composed of young adults with 793(85%) formally educated, predominately at Diploma and above in educational level. The majority of women 864(92.6%) were Orthodox Christian by religion, and 624(92%) of the women were married (Table 1).
Table 1Frequency distribution of Socio-demographic factors among pregnant women at Debre Tabor and Woreta towns, Northwest Ethiopia, 2020


	Characteristics
	Low birth weight
	Total, n (%)
	X2
	P-value

	Yes, n (%)
	No, n (%)

	Age group
	 	 	 	1.4879
	0.829

	  ≤ 19
	7 (2.70)
	27 (4.00)
	34 (3.64)
	 	 
	 20–24
	69 (26.64)
	167 (24.78)
	236 (25.29)
	 	 
	 25–29
	113 (43.63)
	288 (42.73)
	401 (42.98)
	 	 
	 30–34
	49 (18.92)
	129 (19.14)
	178 (19.08)
	 	 
	  > 35
	21 (8.11)
	63 (9.35)
	84 (9.00)
	 	 
	Religion
	 	 	 	2.1354
	0.344

	 Orthodox
	245 (94.59)
	619 (91.84)
	864 (92.60)
	 	 
	 Muslim
	11 (4.25)
	45 (6.68)
	56 (6.00)
	 	 
	 Protestant
	3 (1.16)
	10 (1.48)
	13 (1.39)
	 	 
	Ethnicity
	 	 	 	1.1724
	0.279

	 Amhara
	254 (98.07)
	667 (98.96)
	921 (98.71)
	 	 
	 Tigre
	5 (1.93)
	7 (1.04)
	12 (1.29)
	 	 
	Education
	 	 	 	2.5674
	0.633

	 Unable to read and write
	32 (12.36)
	85 (12.61)
	117 (12.54)
	 	 
	 Able to read and write
	7 (2.70)
	16 (2.37)
	23 (2.47)
	 	 
	 Primary
	78 (30.12)
	170 (25.22)
	248 (26.58)
	 	 
	 High school
	66 (25.48)
	187 (27.75)
	253 (27.12)
	 	 
	 Diploma and above
	76 (29.34)
	216 (32.05)
	292 (31.30)
	 	 
	Occupation
	 	 	 	2.9230
	0.571

	 Housewife
	133 (51.35)
	347 (51.48)
	480 (51.45)
	 	 
	 Employee
	71 (27.41)
	164 (24.33)
	235 (25.19)
	 	 
	 Merchant
	35 (13.52)
	112 (16.62)
	147 (15.76)
	 	 
	 Student
	8 (3.09)
	14 (2.08)
	22 (2.36)
	 	 
	 Daily laborer
	12 (4.63)
	37 (5.49)
	49 (5.25)
	 	 
	Marital status
	 	 	 	2.3080
	0.511

	 Single
	16 (6.18)
	31 (4.60)
	47 (5.04)
	 	 
	 Married
	232 (89.57)
	624 (92.58)
	856 (91.75)
	 	 
	 Widowed
	5 (1.93)
	9 (1.34)
	14 (1.50)
	 	 
	 Divorced
	6 (2.32)
	10 (1.48)
	16 (1.71)
	 	 
	Lack of food or Hunger
	 	 	 	0.0276
	0.868

	 Yes
	22 (8.49)
	55 (8.16)
	77 (8.25)
	 	 
	 No
	237 (91.51)
	619 (91.84)
	856 (91.75)
	 	 
	Debt
	 	 	 	0.4981
	0.480

	 Yes
	29 (11.20)
	65 (9.64)
	94 (10.08)
	 	 
	 No
	230 (88.80
	609 (90.36)
	839 (89.92)
	 	 
	Wealth Index
	 	 	 	1.1857
	0.553

	 Low
	84 (32.43)
	228 (33.83)
	312 (33.44)
	 	 
	 Middle
	82 (31.66)
	229 (33.98
	311 (33.33)
	 	 
	 High
	93 (35.91)
	217 (32.19)
	310 (33.23)
	 	 



Obstetric and clinical characteristics of the respondents
Regarding the obstetric and clinical characteristics of the sample, approximately 533(57%) were found in the second trimester, and the remaining was in the third trimester, 109(12%) had a history of current pregnancy complication, 67(7%) had a chronic disease, 148(16%) experienced acute malnutrition (MUAC less than or equal to 21), 91(10%) experienced spontaneous preterm births, 6(0.64%) had twins delivery. Of the respondents, 374(40%) were primi-gravida with a mean of 1.9 per woman (Table 2).
Table 2Frequency distribution of obstetric and clinical factors among pregnant women at Debre Tabor and Woreta towns, Northwest Ethiopia, 2020


	Characteristics
	Low birth weight
	 	X2
	P-value

	Yes, n (%)
	No, n (%)
	Total, n (%)

	Unplanned pregnancy
	 	 	 	3.2763
	0.070

	 Yes
	110 (42.47)
	243 (36.05)
	353 (37.83)
	 	 
	 No
	149 (57.53)
	431 (63.95)
	580 (62.17)
	 	 
	Pregnancy stage
	 	 	 	0.7960
	0.372

	 Second trimester
	154 (59.46)
	379 (56.23)
	533 (57.13)
	 	 
	 Third trimester
	105 (40.54)
	295 (43.77)
	400 (42.87)
	 	 
	Number of live children(525)
	 	 	 	0.4114
	0.814

	 One
	70 (49.65)
	181 (47.14)
	251 (47.81)
	 	 
	 Two-four
	68 (48.23)
	192 (50.00)
	260 (49.52)
	 	 
	 Five and above
	3 (2.12)
	11 (2.86)
	14 (2.67)
	 	 
	History of current pregnancy complication
	 	 	 	11.2571
	0.001

	 Yes
	45 (17.37)
	64 (9.50)
	109 (11.68)
	 	 
	 No
	214 (82.63)
	610 (90.50)
	824 (88.32)
	 	 
	History of abortion(n = 559)
	 	 	 	1.1700
	0.279

	 Yes
	29 (19.46)
	64 (15.61)
	93 (16.64)
	 	 
	 No
	120 (80.54)
	346 (84.39)
	466 (83.36)
	 	 
	Modes of previous abortion (n = 93)
	 	 	 	0.8166
	0.366

	 Spontaneous
	25 (86.21)
	59 (92.19)
	84 (90.32)
	 	 
	 Assisted
	4 (13.79)
	5 (7.81)
	9 (9.68)
	 	 
	Gravidity
	 	 	 	2.0214
	0.364

	 One
	110 (42.47)
	264 (39.17)
	374 (40.09)
	 	 
	 Two-four
	128 (49.42)
	366 (54.30)
	494 (52.95)
	 	 
	 Five and above
	21 (8.11)
	44 (6.53)
	65 (6.97)
	 	 
	Antenatal service
	 	 	 	48.9394
	0.000

	 Yes
	210 (81.08)
	643 (95.40)
	853 (91.43)
	 	 
	 No
	49 (18.92)
	31 (4.60)
	80 (8.57)
	 	 
	Parity(544)
	 	 	 	0.9828
	0.612

	 One
	69 (47.26)
	184 (46.23)
	253 (46.51)
	 	 
	 Two-four
	74 (50.69)
	199 (50.00)
	273 (50.18)
	 	 
	 Five and above
	3 (2.05)
	15 (3.77)
	18 (3.31)
	 	 
	History of still birth(n = 559)
	 	 	 	0.2995
	0.584

	 Yes
	11 (7.38)
	25 (6.10)
	36 (6.44)
	 	 
	 No
	138 (92.62)
	385 (93.90)
	523 (93.56)
	 	 
	Fear of pregnancy complication
	 	 	 	0.1373
	0.711

	 Yes
	138 (53.28)
	350 (51.93)
	488 (52.30)
	 	 
	 No
	121 (46.72)
	324 (48.07)
	445 (47.70)
	 	 
	Chronic illness
	 	 	 	0.5417
	0.462

	 Yes
	16 (6.18)
	51 (7.57)
	67 (7.18)
	 	 
	 No
	243 (93.82)
	623 (92.43)
	866 (92.82)
	 	 
	Twins
	 	 	 	9.3002
	0.002

	 Yes
	5 (1.93)
	1 (0.15)
	6 (0.64)
	 	 
	 No
	254 (98.07)
	673 (99.85)
	927 (99.36)
	 	 
	Preterm
	 	 	 	 	 
	 Yes
	63 (24.32)
	28 (4.15)
	91 (9.75)
	86.4770
	0.000

	 No
	196 (75.68)
	646 (95.85)
	842 (90.25)
	 	 
	Mid-upper arm circumference

	  < =21
	70 (27.03)
	78 (11.57)
	148 (15.86)
	 	 
	  > 21
	189 (72.97)
	596 (88.43)
	785 (84.14)
	 	 



Psychosocial and behavioral characteristics of the study participants
Out of 933 participants, approximately 489(52.41%) experienced intimate partner violence, 416(45%) had poor social support, and 206 (22%) had hazardous level use of alcohol (Table 3).
Table 3Frequency distribution of psychosocial and behavioral factors among pregnant women at Debre Tabor and Woreta towns, Northwest Ethiopia, 2020


	Characteristics
	Low birth weight
	Total, n (%)
	X2
	P-value

	Yes, n (%)
	No, n (%)

	Depression
	 	 	 	38.4173
	0.000

	 Yes
	130 (50.19)
	193 (28.64)
	323 (34.62)
	 	 
	 No
	129 (49.81)
	481 (71.36)
	610 (65.38)
	 	 
	Previous history of depression
	 	 	 	0.1891
	0.664

	 Yes
	74 (28.57)
	183 (27.15)
	257 (27.55)
	 	 
	 No
	185 (71.43)
	491 (72.85)
	676 (72.45)
	 	 
	Family history of depression
	 	 	 	0.0016
	0.968

	 Yes
	36 (13.90)
	93 (13.80)
	129 (13.83)
	 	 
	 No
	223 (86.10)
	581 (86.20)
	804 (86.17)
	 	 
	Life treating events
	 	 	 	15.9697
	0.000

	 Yes
	128 (49.42)
	237 (35.16)
	365 (39.12)
	 	 
	 No
	131 (50.58)
	437 (46.84)
	568 (60.88)
	 	 
	Social support
	 	 	 	1.1504
	0.563

	 Poor
	117 (45.17)
	299 (44.36)
	416 (44.59)
	 	 
	 Moderate
	92 (35.52)
	224 (33.24)
	316 (33.87)
	 	 
	 Strong
	50 (19.31)
	151 (22.40)
	201 (21.54)
	 	 
	Intimate partner violence
	 	 	 	17.1062
	0.000

	 Yes
	164 (63.32)
	325 (48.22)
	489 (52.41)
	 	 
	 No
	95 (36.68)
	349 (51.78)
	444 (47.59)
	 	 
	Alcohol use
	 	 	 	0.4520
	0.501

	 Yes
	61 (23.55)
	145 (21.51)
	206 (22.08)
	 	 
	 No
	198 (76.45)
	529 (78.49)
	727 (77.92)
	 	 



Factors associated with low birth weight
Bivariate regression analysis showed a significant positive association between LBW and antenatal depressive symptoms, a complication of current pregnancy, not ANC follow up, life-threatening events, intimate partner violence, MUAC≤21, preterm, and unplanned pregnancy. Multiple logistic regression analyses showed that, after adjustment for covariates, women with antenatal depression symptoms (AOR = 1.92 (95% CI: 1.31, 2.81)) were almost twice more likely to give LBW babies than women without antenatal depression symptoms. Other positively associated factors were babies born before 37 weeks (preterm), anthropometric measurement (MUAC), and lack of ANC follow up (Table 4).
Table 4Bivariate and multivariable analysis for obstetric, clinical, and psychological factors among babies born alive at Debre Tabor and Woreta towns, Northwest Ethiopia, 2020


	Characteristics
	LBW
	COR at 95% CI
	AOR at 95% C
	P-value

	Yes
	No
	 	 
	Depression
	 	 	 	 	0.001

	 Yes
	130
	193
	2.51 (1.87, 3.37)
	1.92 (1.31, 2.81)*
	 
	 No
	129
	481
	1
	1
	 
	Complication of current pregnancy
	 	 	 	 	0.059

	 Yes
	45
	64
	2.00 (1.33, 3.03)
	1.58(.98, 2.54)
	 
	 No
	214
	610
	1
	1
	 
	Lack ANC follow up
	 	 	 	 	0.000

	 Yes
	49
	31
	4.84 (3.01, 7.79)
	3.91 (2.32, 6.59)**
	 
	 No
	210
	643
	1
	1
	 
	Life threatening events
	 	 	 	 	0.844

	 Yes
	128
	237
	1.80 (1.35, 2.41)
	1.04(.70, 1.54)
	 
	 No
	131
	437
	1
	1
	 
	Mid upper arm circumference
	 	 	 	 	0.000

	  < =21
	70
	78
	2.83 (1.97, 4.06)
	2.39 (1.60, 3.59)**
	 
	  > 21
	189
	596
	1
	1
	 
	Intimate partner violence
	 	 	 	 	0.586

	 Yes
	164
	325
	1.85 (1.38, 2.49)
	1.10(.77, 1.58)
	 
	 No
	95
	349
	1
	1
	 
	Preterm
	 	 	 	 	0.000

	 Yes
	63
	28
	7.42 (4.62, 11.90)
	6.68 (4.03, 11.08)**
	 
	 No
	196
	646
	1
	1
	 
	Unplanned pregnancy
	 	 	 	 	0.528

	 Yes
	110
	243
	1.31(.98, 1.75)
	1.11(.80, 1.54)
	 
	 No
	149
	431
	1
	1
	 

Abbreviations: CI Confidence interval, OR Odds ratio, COR Crude odds ratio, AOR Adjusted odds ratio;** (P < 0.001); *(P < 0.005); Hosmer-lemeshow: 0.2865



In the fully adjusted model: unplanned pregnancies (AOR = 1.11 (95%CI: 0.80, 1.54)), experience of threatening life events (AOR = 1.04; 95% CI 0.70, 1.54)),Complication of current pregnancy (OR = 1.58 (95% CI: 0.98, 2.54)),and intimate partner violence (AOR = 1.10 (95% CI: 0.77, 1.58)) during pregnancy were not associated with higher odds of low birth weight, even if there were strongly associated in bivariate analyses. No significant interaction between explanatory variables was found. A Hosmer-Lemeshow test indicated that the model fit the data well (p = 0.2865).
Discussion
This is the second longitudinal-population-based study examining specifically the effect of antenatal depression on birth weight in our country. The main finding was that babies of women who had antenatal depression during second and third trimester of pregnancy increased the likelihood of giving birth to LBW children in Ethiopia.
While considering all other variables constant, mothers who had antenatal depression were 2.51 (COR = 2.51 (95 CI: 1.87, 3.37)) more likely to have a child with low birth weight. This association remains significant after adjustment for unplanned pregnancies, the experience of threatening life events, a complication of current pregnancy, intimate partner violence, no ANC follow up, preterm, and MUAC≤21,showing that antenatal depression has an independent effect on low birth weight.
The association that we have reported about the increased odds of low birth weight among women with antenatal depressive symptoms did not replicate the findings of the recent cohort studies from Ethiopia by Hanlon C.et al. [43] and Fekadu D A et al. [44], which were on the impact of antenatal common mental disorders upon perinatal outcomes and the effect of antenatal depression on adverse birth outcomes respectively. These conflicting results might arise from: One, both of the previous studies reveal that the proportion of babies with LBW were 7.1% [43] and 5.25% [44], which were less as compared to that observed in our study (27.76%), Pakistan 29% [68] and Nigeria14% [69] that underpowered to detect an association between antenatal depression and low birth weight. Second, the study done by Fekadu D A et al. excluded women with a severe symptoms of depression, which underestimated the effect of antenatal depression on the risk of LBW. Third, study done by Hanlon C.et al., was specifically on impact of antenatal common mental disorders upon perinatal outcomes which includes anxiety and somatic symptoms that is difficult to identify the independent effect of depression on birth weight and they used SRQ-20 includes several somatic items which could reflect physical symptoms of late pregnancy or physical ill-health rather than emotional distress. Moreover, the study in Butajira was studied among women with relatively economically well to do women compared to that of ours.
However, the positive effect of antenatal depression on the LBW that we have reported replicates results from the HICs [37] and LMICs [41]. Even if the exact biological mechanisms and interactions by which antenatal depression affects birth weight remain largely unknown, some research findings stated that antenatal depression stimulates the hypothalamus-pituitary-adrenal (HPA) axis leading to an increased cortisol hormone secretion specifically to the late pregnancy that restricts fetal growth [51]. In addition to this, women with antenatal depression have poor maternal dietary intake behavior and tend to consume fewer macronutrients, thereby leading to low birth weight [49, 50]. This collective mechanism speculates that antenatal depression plays an important role in the causation of intrauterine growth retardation and low birth weight, which in turn may lead to impaired mental development in infanthood and mental disorders later in life [70].
According to the EDHS report, the proportion of babies with LBW in our sample (27.76%) was double the estimated national average of LBW for Ethiopia [29]. These national estimates of LBW were largely derived from health facility data that cannot address babies born at home, which is likely to have led to an underestimation of underweight babies. Our prevalence estimate is similar to one of the few other community-based studies (28.3%) from Ethiopia [71].
It is well known that poor maternal nutritional status is the principal cause of LBW in low-income countries [72]. Mothers with MUAC less than ≤21 cm were two times more likely to give birth of low weight baby than mothers whose MUAC was more than 21. This result is congruent with studies conducted in other low-income countries [71, 73]. It may be speculated that LBW is associated with situations with uterine malnutrition due to alterations in placental circulation [72] and poor bioavailability of specific micronutrients such as oral vitamin B12 intake, possibly limiting fetal growth [74].
Antenatal care follow-up is essential for early identification and treatment of pregnancy-induced complications that lead to low birth weight newborns. Although we did not address the time of the first visit in this study, literature indicated that improving coverage of mental programs and early starting in ANC visit play a great role in improved birth weight [75, 76].
The odds of lack of ANC follow up among mothers who delivered LBW babies is about four times higher than those who had normal weight babies. The result is similar to those reported by other studies [31, 71]. Pregnant women who had no ANC follow-up, unable to early detect and treat pregnancy-induced complications that leads to LBW and may not receive routinely provision nutritional and lifestyle counseling during ANC visits that leads to better growth and development of the fetus [77].
This study also revealed that preterm neonates were significantly associated with LBW. Neonates delivered before 37 weeks of gestational age were more than six times more likely to have LBW as compared to term neonates. This study’s result is in line with the study conducted in Kenya [78],Tanzania [79],and other studies in Ethiopia Jimma [80] Gondar [81]. This might be as a result of intrauterine growth retardation and decreased skeletal muscle mass and subcutaneous fat tissue because of prematurity [76, 82].
Limitations of the study
Our finding could be interpreted in the presence of some limitations. This study did not address the mechanisms by which antenatal depression affects the fetus. Evidence indicated that the effect of antenatal depression had been mediated by elevated antenatal depression norepinephrin levels [83]. Besides, we had no information on antidepressant medication for those referred to a psychiatric unit, thus could not assess their roles as a confounder in multivariable analysis. In addition to these, lack of data related to pre-pregnancy weight, dietary intake and preconception care is the limitation of this study.
Conclusion
This population-based follow-up study found an independent association between antenatal depression in the second and third trimester of pregnancy and LBW in a sample of Ethiopian infants. Therefore antenatal depression has serious fetal consequences; early identification of depressive symptoms using the EPDS and treatment of antenatal depression could benefit not only maternal mental health but also the physical health, growth, and development of the fetus.
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