Heliyon 10 (2024) e29663

Contents lists available at ScienceDirect

52 CelPress Heliyon

journal homepage: www.cell.com/heliyon

Research article

Time to initiate complementary feeding and its predictors among
primipara mothers who have infants aged 6-12 months in the Awi
zone, northwest Ethiopia

Tilahun Degu Tsega ™, Tamiru Alene ", Yeneneh Negesse Kebede

Abebaw Molla Kebede *, Mekuanint Asmare Yizengaw °, Tadesse Miretie Dessie *,
Tewodros Worku ¢, Bezawit Adane , Melaku Yalew ?, Yitaysh Damitie *,

Sileshi Berihun Delele ?, Almaw Genet ©, Animut Takele Telayneh ! Kefale
Mitiku Haylu ¢, Zewdu Bishaw Aynalem "

& Department of Public Health, College of Medicine and Health Sciences, Injibara University, Injibara, Ethiopia

® Department of Pediatric and Child Health Nursing, College of Medicine and Health Sciences, Injibara University, Injibara, Ethiopia
¢ Department of Anesthesia, College of Medicine and Health Sciences, Injibara University, Injibara, Ethiopia

9 Department of Midwifery, College of Medicine and Health Sciences, Injibara University, Injibara, Ethiopia

¢ Environmental Health Department, College of Medicine and Health Sciences, Injibara University, Injibara, Ethiopia

f Department of Public Health, College of Health Sciences, Debre Markos University, Debre Markos, Ethiopia

8 Department of Biomedical Sciences, College of Medicine and Health Sciences, Injibara University, Injibara, Ethiopia

" Department of Nursing, College of Medicine and Health Sciences, Injibara University, Injibara, Ethiopia

ARTICLE INFO ABSTRACT

Keywords: Introduction: The timely initiation of complementary feeding is essential to reduce infant mor-
Céml?lementary feeding tality. In Ethiopia, 37.5 % of mothers did not initiate complementary feeding to their infants in
Primipara . time. However, previous studies could not identify the time to initiate complementary feeding
i‘ivr;’;‘;ﬂ:“alym among primipara mothers. Therefore, this study aims to identify the time to initiate comple-
Ethiopia mentary feeding and its predictors among primipara mothers with infants aged 6-12 months in

the Awi zone, northwest Ethiopia.

Methods: A community-based retrospective follow-up study was conducted among 732 primipara
mothers who had infants aged 6-12 months from January 1, 2022, to December 30, 2022. A
multistage sampling technique was used to select study participants through questionnaires
administered by interviewers. Data were entered into EPI-data 3.1 and exported to STATA 17 for
further analysis. The Kaplan-Meier survival curve together with the log-rank test was used to
assess the survival experience of the infant at specific times and to compare the survival of the
infant in it between different categorical independent variables. Bivariable and multivariable Cox
proportional hazard regression models were used to identify significant predictors. Model fitness
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was also assessed using the Schoenfield residual and the Cox-Snell global residual test. Statistical
significance was declared at the p-value <0.05.

Result: The median time to initiate complementary feeding among primipara mother-infant pairs
was 6 + 2 months. The overall incidence rate of complementary feeding initiation before, at and
after 6 months of age of the infant was 7.28 (95%CI: 6.44, 8.25), 41.41 (95%CI: 36.05, 47.56),
and 42.97 (95%CI: 36.89, 50.05) per 100 person-month observations, respectively. Among those
mothers who initiated complementary feeding for their infants, 249, 200, and 165 initiated
complementary feeding before, at and after 6 months of age of the infants. Furthermore, the age
(15-24 years) of mothers (AHR: 1.63, 95%CI: 1.16, 2.29), rich wealth (AHR: 1.35, 95%CI: 1.05,
1.75), and richest wealth (AHR: 1.43, 95%CI: 1.10, 1.84) were identified as statistically signifi-
cant predictors of the time to initiate complementary feeding.

Conclusions: The median time to initiate complementary feeding among primipara mother-infant
pairs was 6 months. The age of the mother and the wealth status of the household were found to
be statistically independent predictors of the time to initiate complementary feeding. Therefore,
community health professionals are better able to work on when to initiate complementary
feeding to infants of rich and richest young primipara mothers.

1. Introduction

Complementary foods are solid, semisolid and smooth foods prepared at home or commercially that are given to children
concomitant with breastfeeding [1]. In addition to breast milk, complementary feeding should be offered to infants/children aged 6
months-24 months that are nutritionally adequate meals [2-4]. The introduction of complementary feeding is the first significant
proactive step towards development. It becomes a means of socialization after a succession of neurodevelopmental successes [2,3].
During the proper complementary feeding phase, it is possible to prevent stunting, wasting, micronutrient deficiencies, overweight,
obesity, and non-communicable diseases related to diet [1].

The World Health Organization (WHO) and the United Nations Children’s Fund (UNICEF) recommended that complementary
feeding should begin at the age of 6 months for the infant and continue up to breastfeeding cessation, at least 24 months [1,3]. UNICEF
also revealed that children had a higher chance of surviving, growing, developing, and learning if they were fed enough nutritious
foods in the right amounts at the right times in their development. Even in the face of disease, catastrophe, or crisis, they are better
positioned to flourish [1]. Complementary feeding is particularly important for achieving three Sustainable Development Goals
(SDGs): improving nutrition (SDG-2), reducing child mortality and the risk of noncommunicable diseases (SDG-3), and improving
cognitive development and education (SDG-4) [5].

Complementing breast milk with meals before the age of 6 months is not needed and discouraged due to the possibility of
contamination and the accompanying increased risk of infectious diseases. Because the frequency and intensity of sucking improve the
production and release of breast milk, the early start of complementary feeding diminishes breast milk yield [1]. Furthermore, infants
who initiate complementary feeding early have a six-fold increased risk of dying from respiratory infection or diarrhea [6,7]. After six
months, breast milk is hardly sufficient to meet the infant’s nutritional needs, so additional foods should be added to the child’s diet
[1-3,8,9]. Complementary feeding practices that are implemented on time can help children survive, grow and develop, as well as
prevent micronutrient deficiencies, morbidity, and obesity later in life [1,8,10]. Appropriate complementary feeding practices should
be identified based on parity status; primiparity (only one birth) [11] and Multiparity mothers (numerous births after fetal viability, at
least 28 weeks of pregnancy in Ethiopia) [12]. However, none of the studies in Ethiopia identified the timely initiation of comple-
mentary feeding according to parity status.

Although proper complementary feeding practices could save millions of lives every year [13-16], the prevalence of undernutrition
among children aged 6-24 years is high due to the introduction of breastmilk substitutes too early or too late and negatively impacts
their growth as well as development [6,7]. In Ethiopia, still, the prevalence of wasting and stunting is high concomitantly with high
neonatal and infant mortality [9,17]. This could be associated with the low proportion of timely initiation of complementary feeding.
The proportion also varied in countries depending on local variables such as food availability, prosperity, and cultural variations
[18-22].

The global overall impact of malnutrition on social, economic, medical, and developmental problems is long-lasting and serious for
individuals, families, communities, and the country at large. Combating malnutrition in all its forms is one of the most challenging
public health issues globally [23]. To accelerate this combating process, WHO and UNICEF jointly developed an indicator in 2021 for
all children aged 0-23 months to improve children’s feeding practices and further improve their health, and development of them
[24].

Although complementary feeding is said to begin at 6 months of age, evidence shows that improper scheduling of complementary
feeding practices remains a serious public health problem at a global and national level. One in every four children aged 6-8 months
(27 %) did not receive solid, semi-solid, or soft food in 2020 globally. This inappropriate initiation time for complementary feeding can
cause illness in children, as well as inadequate growth and development, and has been linked to 45 percent of childhood mortality [1,2,
24,25].

Ethiopia is one of the developing countries with high childhood mortality. The country’s latest infant mortality was predicted to be
43 deaths per 1000 live births, with the aggregate under-5 mortality rate being 55 deaths per 1000 live births. According to these data,
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37 %, 21 %, and 7 % of children under five years of age are stunted, underweight, and wasted, respectively [17]. All of these conditions
have been reduced if the timely initiation of complementary feeding for all infants was practiced.

Previous studies showed that different predictors such as sociodemographic, maternal, and obstetric variables contributed to the
timely and non-scheduling of complementary feeding among all mothers of any party. But previous studies have not well studied the
effect of these predictors on the time to initiate complementary feeding among primipara mothers separately [17-20,22,26-32].

Although countries, including Ethiopia, develop strategies and adopt WHO and UNICEF guidelines and indicators on the timely
initiation of complementary feeding, the overall proportion of the timely initiation of complementary feeding is low [9]. The reason
behind this figure was explored and quantified by including all mothers without parity specificity [18,19,28,33]. But studies abroad
showed that a difference in parity has its contribution to the general well-being of child-caring and growth [34], including appropriate
complementary feeding practices, specifically for timely initiation, which is not identified in previous studies.

In Ethiopia, although 62.5 % of mothers initiate complementary feeding in a timely manner, a higher proportion of stunting is still a
challenge that could be 37.5 % of the untimely initiation of complementary feeding practices, which is not studied by parity difference
or other factors related to nutrition identified by the previous studies [8-10,17-24,30,31,35,36]. Similarly, in the region of Amhara,
malnutrition is one of the major public health problems, including wasting, stunting and underweight with a respective burden of 9.8
%, 46.3 %, and 28.4 % [37]. In particular, in the Awi zone, only about 67 % of mothers initiated complementary feeding in a timely
manner, which was based on all parity mothers [38].

Previous studies, which included all types of parity mothers, determined the timing of complementary feeding based on cross-
sectional data, which did not show the temporal relationship in a better way. Thus, further determining the time to initiate com-
plementary feeding using cohort design and survival analysis would show the time in a better way than the tried past. Therefore,
determining the time to initiate complementary feeding considering primipara mothers specifically could generate new knowledge for
scholars, healthcare administrators, and policy makers to develop a specific intervention for this specific population. Therefore, this
study has aimed to identify the time to initiate complementary feeding and its predictors among primipara mothers who have infants
aged 6-12 months in the Awi zone, northwest Ethiopia.

2. Methods and materials
2.1. Study setting

A community-based retrospective follow-up study was conducted in the Awi Zone, Amhara region, northwest Ethiopia. The follow-
up period was from January 1, 2022 to December 30, 2022 among primipara mothers who have infants aged 6-12 months.

The Awi zone has a total population of 1,342,324, of whom 684,590 are females. Among the total population, 316,520 are women
of reproductive age. It also has 41,800 under 12 months of age infants, 8913 are under 6 months and 32,887 are aged 6-12 months
based on the data of the Awi zonal health information system.
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Fig. 1. Schematic presentation of sampling procedures for the recruitment of primipara mothers who have infants aged 6-12 months in Awi zone,
Northwest, Ethiopia, 2023.
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2.2. Population and eligibility criteria

The source population was all primipara mothers who have infants aged 6-12 months in the Awi zone, whereas all primipara
mothers who have infants aged 6-12 months in the Awi zone in the selected districts were the study populations. Those primipara
mothers who have not initially breastfed at least once for the infant; who gave care other than their infants, and mothers who had the
death of an infant (asking data on the deceased infant was unacceptable by the community culture) during the retrospective follow-up
time were excluded from this study.

2.3. Sample size and sampling procedure

To calculate the sample size, critical values such as z,/5 = 1.96 at a significant level of 0.05, z;.5 = 80 % power, p; = proportion of
the population allocated to a non-exposure group, p2 = proportion of the population allocated to the exposure group, 1.67 hazard ratio
and 0.625 as survival probability of the non-exposed group were taken from the previous literature [20].

Then the sample size for this study was determined using the log rank method of Stata 17 software (https://www.stata.com) by the
command "power log rank 0.625, hratio (1.67) power (80 %) wd prob (10 %)’, withdrawal probability 10 % for non-response rate and
design effect = 2 to obtain the minimum required sample size, which was 754 primipara mother-infant pairs.

First, of the total of 9 rural districts in the Awi zone, 40 % of the districts (number = 4) and then 30 % of the kebeles (the lowest
administrative unit in Ethiopian context) were selected using simple random sampling techniques to obtain primary and secondary
sampling units, respectively. From the selected kebeles, using the data obtained from health posts, a household containing primipara
mothers was selected and then interviewed. Then, the calculated sample size was allocated to the selected kebeles proportionally based
on the size of the number of mother-infant pairs in the primipara, and was interviewed using a systematic random sampling technique
at the third sampling interval. To obtain mothers having these infants the family folder and birth registration book at each health post
of selected kebeles were used and then the data collectors and supervisors could have moved block by block of each selected household
within the kebele until the sample size addressed (Fig. 1).

2.4. Variables of the study

2.4.1. Dependent variables
Time to initiate complementary feeding in months.

2.4.2. Independent variables

Sociodemographic variables: Age of the mother, marital status, educational level of the mother, educational level of the father,
wealth index, sex of the child, religion, family size and the mass media exposure.

Maternal and Obstetric related variables: ANC visit, PNC visit, birth type, place of delivery, mode of delivery, planned infant
and birth preparedness.

2.5. Operational definitions

Primipara mother (PP): a mother who has born the first child alive, at least breastfed once for this infant, and was new to
motherhood activities.

Incidence: the occurrence of early, on time and late initiation of complementary feeding during the study period and calculated as
events per total person months (PM).

Event: when the mother initiates complementary feeding for the infant during the follow-up period during the study. It was based
on the mothers’ report and coded as "1°.

Censored: the mother did not initiate complementary feeding for the infant during the study period and was coded as “0”.

Survival time: the time from the start of breastfeeding (birth) to the start time of complementary feeding or censorship.

Birth preparedness: if the mother practiced at least three of the five components of birth preparedness [39-41], then considered
’Yes’ otherwise "No’.

Mass media exposure: if the household has a radio or television and listens at least once a week, it was considered as having “Yes”
and otherwise “No” [9].

Educational status: classified as no formal education (includes being able to read and write, not being able to read and write),
primary education (having at least a primary school certificate), and secondary and above (includes having at least a secondary school
certificate). This category was based on previous works of literature [9].

Wealth index: an amalgamated indicator of a household’s overall standard of living. Using readily available information on a
household’s ownership of specific assets, the wealth index was computed. Each household received a score determined by the pro-
portion of assets they owned. Principal component analysis was used to determine these scores. Lastly, based on the wealth status
score, the wealth of the household was divided into five categories: poorest (1), poor (2), middle (3), rich (4) and richest (5) [9,42].

2.5.1. Data collection tools, procedures, and quality control
Data were collected through personal interviews after the tools were developed from different published articles. Eight female B.Sc.
Health professionals were involved as data collectors, four master health professionals as supervisors, and 28 community guiders were
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involved in the data collection process.

Data was collected when mothers could be easily accessed at home, such as on weekends or holidays in the community. The PP
mother who could not be present during data collection time was further considered the next two holy or weekend days and then
otherwise considered as non-response mothers.

Data quality was ensured by translating the questionnaire from English to Amharic and then back to English to see consistency
using assistance experts in both the Amharic and English languages. Two-day training was provided to data collectors, community
guiders, and supervisors. The questionnaire was pretested in 5 % of the mothers-infants pairs of none selected kebeles within the zone.
The principal investigator and the supervisors conducted daily follow-ups during the entire data collection period. Each questionnaire
was reviewed and verified for completeness by the supervisors and principal investigators on each day as soon as possible, and the
necessary feedback was given to the data collectors before leaving the data collection site. The principal investigator and co-
investigators managed the overall activity of the study.

2.6. Data management and analysis

Epi-data 3.1 was used to verify, code and clean the data’s consistency and completeness before it was exported to Stata 17 for
additional analysis. Missing values are checked and assess whether there are any significant outliers. Characteristics of the cohort were
described using descriptive statistics such as mean (standard deviation), median (interquartile range), frequency and proportions.

To evaluate the infants’ survival experience during exclusive breastfeeding at particular times and to compare the survival status
across various categorical independent variables, the Kaplan-Meier survival curve and the log-rank test were utilized. To verify the Cox
proportional Hazard (PH) assumption, the Schoenfeld residual statistical test, the presence of a time-dependent covariate, and
graphical approaches were used.

The Cox-Snell residuals global test was used to determine the adequacy of the model. The Breslow approach was applied to handle
the tied failure observations. For each independent variable and outcome of interest, a bivariable Cox proportional hazards regression
model was built to find potentially important variables with significant tests below 0.25 that would be taken into account in a
multivariable Cox proportional hazards regression model. A model comprising each of the chosen variables was used to start the
multivariable analysis, and a backward elimination regression technique was then used until the model was stable.

Finally, the median time to initiate complementary feeding was determined. The early or late incidence rate of complementary
feeding was calculated as the number of events over the person months of follow-up. The result of the final model was expressed in
terms of the hazard ratio (HR) with 95 % confidence intervals (CI) and interpreted accordingly. Statistical significance was declared at
a p-value less than 0.05. The result was presented using tables, graphs, or text narration.

3. Results

Of the 754 primipara mothers who had infants aged 6-12 months that were entered into the study, 22 of them did not respond
during the data collection period and gave a response rate of 97 % (Fig. 2).

3.1. Sociodemographic characteristics of the participants

More than half of the primipara mothers who participated in this study were in the age category of 15-24 with an overall median +
interquartile range (IQR) of 24 + 7 years. The minimum and maximum ages of the primipara mothers were 15 and 46 years,

7812 Mother-infants pairs in four districts of Awi zone

S

2596 Mother-infants pairs were estimated from 28 Kebeles in the
four districts

!

754 mother-infant pairs were selected

N 22 Primipara mother-infant pairs

b Not available/not responded

732 Primipara mothers with
infants aged 6-12 months
participated.

Fig. 2. Final observations included in the analysis for time to initiate complementary feeding and its predictors among primipara mothers who have
infants aged 6-12 months in Awi zone, Northwest, Ethiopia, 2023.
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respectively. The median + IQR age of the infants was 9 + 2 months. Furthermore, more than 87 % of the primipara mothers were
married, although there were 79 and 14 mothers who were single and divorced, respectively. The median + IQR of family size of
participants was 2 + 1 with the minimum and maximum of 1 and 8, respectively. Around 73.36 % of mothers had no formal education.
Of these, 231 (31.66 %) were unable to read and write. And 15 primipara mothers were educated at the college level (Table 1).

3.2. Maternal and obstetric characteristics of participants

The mean =+ standard deviation (SD) number of antenatal care follow-up attended by primipara mothers who participated in this
study was 3.42 + 1.45. However, around 4.78 % of mothers did not follow-up on antenatal care. More than 63.68 % of primipara
mothers were not ready to accept blood donation if bleeding and other health conditions occurred during labor and delivery. In
addition, 38.65 % of participants were not prepared for transport to a health facility if labor had started at home. Approximately 33 %
of the study participants were unable to list pregnancy danger signs. However, 122 (16.67 %) of the primipara mothers who
participated in this study were delivered to their homes. Additionally, 181 (24.73 %) primipara mothers who participated in this study
were delivered without a plan (Table 2).

3.3. Survival status of infants with exclusive breastfeeding

Among the 732 observations that followed, 118 (16.12 %) observations were censored at the end of the study. During the follow-up
period, a total of 4284 mother-infant pair months of time risks were observed with a minimum follow-up time of 1 month and a
maximum follow-up time of 11 months. The median follow-up time of observation was 6 months. Additionally, the median survival
time for exclusive breastfeeding was 6 + 2 months (interquartile range = 5, 7).

From the life table, the cumulative survival probabilities of not initiating complementary feeding up to the end of 5, 7, and 9
months were 0.66, 0.23, and 0.05, respectively. And the proportion of mothers who exclusively breastfed the infant until the end of 9
months was 5 % (95%CI: 3 %, 7 %) (Table 3).

The overall graph of the Kaplan-Meier survivor function showed that there was a slow occurrence of events during the early (before
4 months) and late (after 9 months) follow-up periods. According to this graph, the survival status of infants with exclusive breast-
feeding decreased rapidly at the mid of the follow-up period, which ranged from 5 to 8 months. Finally, the graph shows a slow
decrease in the survival status of infants with exclusive breastfeeding to reach the cumulative survival probability of 0.7 % at the end of
follow-up (Fig. 3).

3.3.1. Incidence and time to initiate complementary feeding
Of the total observations, 614 (83.88 %, 95%CI: 81.21, 86.55) mothers initiated complementary feeding for infants within the
follow-up period with an overall incidence rate of 14.33 per 100 (95 % CI: 13.24, 15.51) person-month observations after 4284 life-risk

Table 1
Sociodemographic characteristics of the participants among primipara mothers who had infants aged 6-12 months in the Awi Zone, northwest
Ethiopia, 2023.

Variables Category Event (%) Censored (%) Total (%)
Age of mothers in years 15-24 323 (85.45) 55 (14.55) 378 (51.64)
25-34 252 (82.08) 55 (17.92) 307 (41.94)
>35 39 (82.98) 8(17.02) 47 (6.42)
Age of infants in months 6-8 213 (76.62) 65 (23.38) 278 (37.98)
9-12 401 (88.33) 53 (11.67) 454 (62.02)
Marital status Married 536 (83.88) 103 (16.12) 639 (87.30)
Unmarried 78 (83.87) 15 (16.13) 93 (12.70)
Mothers’ educational status No formal education 448 (83.43) 89 (16.57) 537 (73.36)
Primary Education 84 (84.85) 15 (15.15) 99 (13.52)
Secondary and above 82 (85.42) 14 (14.58) 96 (13.11)
Husbands’ educational status No formal education 319 (83.51) 63 (16.49) 382 (59.78)
Primary Education 144 (82.76) 30 (17.24) 174 (27.23)
Secondary and above 73 (87.95) 10 (12.05) 83 (12.99)
Sex of infants Male 272 (82.93) 56 (17.07) 328 (44.81)
Female 342 (84.65) 62 (15.35) 404 (55.19)
Religion Orthodox 609 (83.88) 117 (16.12) 726 (99.18)
Muslim 5 (83.33) 1 (16.67) 6 (0.82)
Family size <4 525 (83.60) 103 (16.40) 628 (85.79)
>4 89 (85.58) 15 (14.42) 104 (14.21)
Mass media exposure Yes 295 (83.81) 57 (16.19) 352 (48.09)
No 319 (83.95) 61 (16.05) 380 (51.91)
Wealth index Poorest 116 (78.91) 31 (21.09) 147(20.08)
Poor 128 (84.21) 24 (15.79) 152 (20.77)
Middle 125 (88.03) 17 (11.97) 142 (19.40)
Rich 124 (84.35) 23 (15.65) 147 (20.08)
Richest 121 (84.03) 23 (15.97) 144 (19.67)
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Table 2
Maternal and obstetric characteristics of participants among primipara mothers who had infants aged 6-12 months in the Awi Zone, northwest
Ethiopia, 2023.

Variables Category Event (%) Censored (%) Total (%)
Antenatal care follow up No 27 (77.14) 8 (22.86) 35 (4.78)
<4 259 (84.92) 46 (15.08) 305 (41.67)
>4 328 (83.67) 64 (16.33) 392 (53.55)
Birth preparedness Yes 525 (84.54) 96 (15.46) 621 (84.84)
No 89 (80.18) 22(19.82) 111 (15.16)
To receive Blood if any Yes 227 (85.98) 37 (14.02) 264 (36.31)
No 382 (82.51) 81 (17.49) 463 (63.69)
Transport plan for labor Yes 374 (83.86) 72 (16.14) 446 (61.35)
No 235 (83.63) 46 (16.37) 281 (38.65)
Place of delivery Home 96 (78.69) 26 (21.31) 122 (16.67)
Health center 346 (83.57) 68 (16.43) 414 (56.56)
Hospital 172 (87.76) 24 (12.24) 196 (26.78)
Mode of delivery Vaginally normal 502 (82.43) 107 (17.57) 609 (83.20)
Vaginally Instrumental 81 (92.05) 7 (7.95) 88 (12.02)
Cesarean section 31 (88.57) 4(11.43) 35 (4.78)
Birth type Single 586 (84.32) 109 (15.68) 695 (94.95)
Twin 28 (75.68) 9 (24.32) 37 (5.05)
Birth plan Yes 468 (84.94) 83 (15.06) 551 (75.27)
No 146 (80.66) 35 (19.34) 181 (24.73)
Postnatal care follow up Yes 503 (84.82) 90 (15.18) 593 (81.01)
No 111 (79.86) 28 (20.14) 139 (18.99)
Table 3

Life table showing the probability of survival and failure of exclusive breastfeeding among primipara mothers who had infants aged 6-12 months in
the Awi Zone, northwest Ethiopia, 2023.

Time The total number Number of ICF*  Number Probability of ICF*  SP* at the end of the interval =~ CSP* 95 % CI** for CSP
interval entered Censored

0-2 732 20 0 0.03 0.97 0.97 0.96, 0.98

2-4 712 40 0 0.06 0.94 0.92 0.90, 0.94

4-6 672 189 0 0.28 0.72 0.66 0.62, 0.69

6-8 483 281 98 0.65 0.35 0.23 0.20, 0.27

8-10 104 75 17 0.79 0.21 0.05 0.03, 0.07

10-12 12 9 3 0.86 0.14 0.007  0.001, 0.03

Footnote: ICF*: Initiating complementary feeding, SP*: Survival probability, CSP*: Cumulative survival probability, 95 % CI**: Confidence interval.

Overall Kaplan Meier survival estimate of not initiating complementary feeding up to 12 months

Survival probability on Exclusive breastfeeding
.5
L

T
1 2 3 4 5 6 7 8 9 10 M

Follow up time in months from birth up to complementary feeding initiation status

| I 95% I

Survivor function

Fig. 3. Kaplan-Meier survival estimates of time to initiate complementary feeding among primipara mothers who had infants aged 6-12 months in
the Awi Zone, Northwest Ethiopia, 2023.
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follow-up months. The overall median time to initiate complementary feeding was 6 + 2 months. Among those who initiated com-
plementary feeding during the follow-up period, the median time to initiate complementary feeding was 6 months (IQR = 5-7, 95 %
CL: 6, 6) months.

From the total events, the highest incidence of complementary feeding initiation was observed at the end of the 5th and 9th months
of follow-up with the incidence rate of 29.72 (95 % CI: 26.66, 33.14) and 60.38 (95 % CI: 42.69, 85.38) per 100 person-month ob-
servations, respectively. Among those mothers who initiated complementary feeding for their infants, 249, 200, and 165 were before,
at, and after 6 months of age of the infants. Furthermore, the incidence of complementary feeding initiation before, at, and after 6
months of follow-up was 7.29 (95%CI: 6.44, 8.25), 41.41 (95%CI: 36.05, 47.56), and 42.97 (95%CI: 36.89, 50.05) per 100 person-
months observations, respectively.

3.3.2. Cox proportional hazard assumption test

Assumption tests were performed using graphical (In-ln survival curve, observed vs. predicted survival curve) and statistical
methods (Schoenfeld residuals test and time-varying covariate test). Variables that met at least two of the statistical tests were
considered for cox proportional hazard regression, but the graphical methods are subjected to interpretation bias (Tables 4 and 5).

3.3.3. Predictors of time to initiate complementary feeding

From the bivariable cox-regression analysis, the age of the mother, the marital status of the mother, the educational status of the
mother, the mass media exposure, wealth index, the antenatal care visit, post-natal care visit, mode of delivery, place of delivery, and
birth preparedness were selected for the multivariable cox regression analysis at the p-value <0.25.

Then a complete multivariable cox regression analysis was performed using a stepwise and backward elimination process by
including all potential predictors that had a p-value of <0.25 in the bivariable cox regression analysis. Consequently, eight variables
were entered into multivariable Cox regression and, in the backward elimination process, four variables were removed from the model
(Maternal age, wealth index, place of delivery, and postnatal care visit).

Lastly, two of the predictors were independent statistically significant predictors for the time to initiate complementary feeding
during multivariable Cox proportional regression analysis at a 95 % confidence level. These variables were maternal age and wealth
index (Table 6).

After fitting the multivariable Cox proportional hazard model, the overall adequacy of the model was checked using the Cox-Snell
residuals graph. The graph of the cumulative residual hazard versus the Cox-Snell residual approximately made a straight line with
slope one, so that the cumulative hazard lined a 45° to the reference line of the Cox-Snell residual, indicating that the cox proportional
hazard model did not fit these data badly (Fig. 4).

Furthermore, the general fitness of the Cox model was statistically checked using the global goodness of fit test, which gives P >
chi? = 0.7505. Therefore, the overall fitness of the model was adequate to interpret the variables in the model.

3.3.4. Interpretation of the proportional hazard cox regression analysis

The rate of initiation of complementary feeding was 1.63 times higher among primipara mothers whose age was 15-24 years than
among primipara mothers whose age was >35 years (AHR: 1.63, 95%CI: 1.16, 2.29 p=0.005). Furthermore, the rate of initiation of
complementary feeding was 1.35 times higher among primipara mothers whose wealth index category was rich than among primipara

Table 4
Schoenfeld residuals test results for predictors in the multivariable cox proportional hazard regression model for time to initiate complementary
feeding among primipara mothers who had infants aged 6-12 months in the Awi Zone, Northwest Ethiopia, 2023.

Variable Category Chi-square value P-value
Age of the mother 15-24 0.79 0.3748
25-34 0.19 0.6639
>35 - _
Marital status Unmarried 0.19 0.6621
Married - -
Birth Plan Yes 0.83 0.3626
No - -
Mass Media Exposure Yes 0.00 0.9627
No - -
Wealth Index Poorest - -
Poor 0.97 0.3245
Middle 0.00 0.9649
Rich 1.65 0.1989
Richest 0.72 0.3946
Mode of delivery SVD - -
CS/Instrumental 0.43 0.5124
Place of delivery Home - -
Health Institution 0.41 0.5239
Postnatal Care Yes 0.05 0.8218
No - -
Global Ph. test 8.43 0.7505
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Table 5

Time varying covariate test results of predictors in the multivariable cox proportional hazard

regression model for time to initiate complementary feeding among primipara mothers who had

infants aged 6-12 months in the Awi Zone, Northwest Ethiopia, 2023.

Variable Category P-value
Age of the mother 15-24 0.314
25-34 0.550
>35 -
Marital status Unmarried 0.730
Married -
Birth Plan Yes 0.412
No -
Mass Media Exposure Yes 0.873
No -
Wealth Index Poorest -
Poor 0.315
Middle 0.899
Rich 0.185
Richest 0.389
Mode of delivery SVD -
CS/Instrumental 0.516
Place of delivery Home -
Health Institution 0.559
Postnatal Care Yes 0.805
No -

Table 6
Bi-variable and multivariable Cox proportional hazard regression analysis of predictors for time to initiate complementary feeding among primipara
mothers who had infants aged 6-12 months in the Awi Zone, northwest Ethiopia, 2023.

Variables Category Complementary Crude Hazard Ratio (95 % Confidence Adjusted Hazard Ratio (95 % Confidence P-
feeding initiation Interval) Interval) value
status
Event  Censored

Age of the 15-24 323 55 1.64 (1.17, 2.29) 1.63 (1.16, 2.29) 0.005

mother 25-34 252 55 1.37 (0.97,1.92) 1.37 (0.98, 1.93) 0.069
>35 39 8 1 1
Place of delivery =~ Home 95 27 1 1
Health 519 91 1.23 (0.98, 1.53) 0.96 (0.60, 1.56) 0.883
Institution
Postnatal Care Yes 504 89 1.23 (1.02, 1.52) 1.21 (0.77, 1.90) 0.421
No 110 29 1 1
Wealth Index Poorest 116 31 1 1
Poor 127 25 1.32(1.02, 1.70) 1.25 (0.97, 1.62) 0.082
Middle 125 17 1.32(1.03,1.71) 1.28 (0.99, 1.65) 0.060
Rich 124 23 1.35 (1.04, 1.74) 1.35 (1.05, 1.75) 0.021
Richest 122 22 1.43 (1.11, 1.85) 1.42 (1.10, 1.84) 0.008

mothers whose category was the poorest (AHR: 1.35, 95%CI: 1.05, 1.75 p=0.021). Likewise, the rate of initiating complementary
feeding was 1.43 times higher among primipara mothers whose wealth index category was richest than among primipara mothers
whose category was the poorest (AHR: 1.43, 95%CI: 1.10, 1.84 p=0.008).

4. Discussion

The early or late introduction of complementary feeding increased the risk of diarrhea, respiratory infections, and infant death [43,
44]. In Ethiopia, the time to initiate complementary feeding among primipara mothers was not well studied [9,22]. Therefore, this
study assessed the incidence, the median time to initiate complementary feeding, and its predictors among primipara mothers in the
Awi zone, northwest Ethiopia. According to this study, the mother’s age (between 15 and 24 years old) and the household’s level of
wealth were found to be independent predictors of the time to initiate complementary feeding.

The findings of this study stated that the proportion of mothers who did not initiate complementary feeding up to the 6th month of
follow-up was 66 % (95 % CI: 62 %, 69 %). This finding contrasts with the WHO and UNICEF recommendation, which stated that all
infants should be exclusively breastfed until 6 months of age [1,2,4,43]. However, here only 66 % of infants did not initiate com-
plementary feeding before 6 months of age. Furthermore, this study revealed that the failure probability of mothers before infants’ age
reached 6 months was 28 %. This implied that the rate at which the infants’ probability of initiating complementary feeding before 6
months was 28 %.
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Overall fitness of the Cox proportional Hazard Model

Cumulative Hazard of residual

T T T T T

Cox-Snell residual

Hazard Cox-Snell residual

Fig. 4. Cox-Snell residual graph to assess the overall adequacy of the Cox proportional hazard model for time to initiate complementary feeding
among primipara mothers who had infants aged 6-12 months in the Awi Zone, Northwest Ethiopia, 2023.

The overall incidence rates of complementary feeding initiation before and after six months of infant age were 7.29 and 42.97 per
100 person-month observations, respectively. The actual figure of complementary feeding initiated before and after 6 months of age of
the infant was 249 and 165, respectively. However, the incidence density of the initiation of complementary feeding calculated
appeared low at an early age than at late age; it is due to the high observation time of risk, which was around 3417 and 384 months of
mother-infant pairs.

Of the total mothers who initiated complementary feeding for the infant, around 40.55 % and 26.87 % were initiated before and
after 6 months of age of the infant. These findings are higher than the results of the study carried out in Ethiopia, such as in Maychew
district, West Gojjam and Mekele Town in all parity mothers [20,22,27]. The difference in findings may be associated with the dif-
ference in parity. The present study incorporated only primipara mothers, whereas previous studies included all mothers without
consideration of parity. This implies that primipara mothers could not initiate complementary feeding in a timely manner than the
general population. This may be an alerting input for the public officials and policy makers for designing parity-based interventions.
Additionally, the finding of our study is higher than the finding of the study done in Dutch, which reported that 21.4 % of infants
initiated complementary feeding before 4 months [45]. The difference may be associated with the study settings. Our study used a
community-based retrospective follow-up study in which mothers were elicited to recall the time of the initiation of complementary
feeding. While the Dutch study analyzed data already collected (a cluster randomized controlled trial-based study in the population for
the primary prevention of overweight in young children (age 0-3 years) in the Netherlands) for other purposes [46]. But it is lower
than the findings of the study conducted in Southwest Ethiopia, which revealed that around 59 % of mothers initiated complementary
feeding before 6 months of age of the infant [28]. The reason behind this may be that the sample population for the study in south-west
Ethiopia was infants aged 6 months to 2 years. As the child’s age was older, the mother recalling the initiation time may be biased,
which gave unreliable estimates. On the other hand, this finding is consistent with the findings of the study conducted in the town of
Gondar and Finote Selam town [18,29]. Both studies revealed that 49.4 and 48.6 % of mothers started complementary feeding to their
infants before 6 months. It may be associated with the application of similar strategies and recommendations about the timing of the
initiation of complementary feeding in the study areas.

The overall median time to initiate complementary feeding was 6 months, which means that as pairs of mothers-infants were
followed for 12 months, 50 % of the mothers’ survival time to exclusive breastfeeding of the infants was 6 months. This finding is in
line with the findings of the study conducted in different parts of Ethiopia among any parity mothers [18-20,22,28]. This could be due
to the applicability of the strategies of WHO and UNICEF recommendations on the time to initiate complementary feeding similarly
throughout the country (Ethiopia). This implied that both all parity and primipara mothers have a similar median time to initiate
complementary feeding. However, this finding is lower than the report (6.7 months) of the study done in West Gojjam zone [27].
Therefore, our study was a retrospective study, there may be recall bias that underestimated the overall estimate compared to the
findings of the West Gojjam randomized control trial. Additionally, this finding was higher than the reports of research carried out in
China, Jiangyou (the median time was 4.5 months) [47]. The reason behind this difference is the data collection technique used, in
which our study used an interviewer-based face-to-face interview. However, the study in China used a telephone interview.

In the current study, the rate of initiation of complementary feeding was higher among mothers whose age was 15-24 years than
among mothers whose age was <35 years. This could be associated with the difference in knowledge and attitude of adolescent
mothers and adult mothers with respect to the timely initiation of complementary feeding. In addition to that, mothers who recently
gave birth to their first child care more for their babies than mothers who gave birth to their babies at an early age due to the cultural
value of Ethiopia. The present study finding is in line with the study findings from two European countries, which reported that
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younger maternal age was a risk factor for the early introduction of complementary feeding [48]. However, this finding is in contrast to
the findings of the study in South Ethiopia, which reported that mothers <30 years were a risk factor for initiating complementary
feeding early [28]. The contrasted finding may be due to the age difference of the infants. This study included mothers who had infants
aged 6-12 months. However, the South Ethiopia study included mothers who had children aged 6-24 months. The age of the infants
from whom data were collected can affect the recall ability of the mother.

Additionally, the rate of initiation of complementary feeding was higher among mothers who lived in households with the rich and
richest wealth than among mothers who lived in households with the poorest wealth status. This may be in the Ethiopian context, rich
and richest families may give cow’s milk and other foods to the infant to show that they can feed the infant better than the poor and
poorest families [49]. It is inconsistent with the research reports from southern Ethiopia, which revealed that mothers in the middle
wealth index class were 60 % less likely to initiate complementary feeding in time than mothers in the rich household class. Similarly,
this study finding is opposite to the research reports done in Ethiopia at the national level, which stated that the rich wealth status was
a factor in a timely initiation of complementary feeding [50]. This opposite finding may be associated with: our study includes mothers
from similar cultures and feeding habits. However, the national-level study included mothers from all parts of Ethiopia, where
culturally diversified peoples lived, where food habits were expected to vary. Furthermore, the finding of our study is inconsistent with
the Brazilian study, which revealed that wealth status is inversely associated with the early introduction of other milks [51]. This
difference may be due to the slight difference in the sample population. Our study included all mothers with infants in the rural
community without considering socioeconomic status. However, the Brazilian study recruited urban mothers of low socioeconomic
class.

5. Limitations of the study

Recall bias may cause an overestimate or underestimate of the actual time to initiate complementary feeding because this is a
retrospective study. However, interviewers were trained in how to investigate and recall complementary feeding activities with the
current infant, which helped to reduce recall bias by connecting practices to local conditions.

6. Conclusions and recommendations

In conclusion, the median time to initiate complementary feeding among primipara mother-infant pairs was 6 months. The overall
survival probability that primipara mothers not initiating complementary feeding for the current infant until 6 months was 66 %.
Furthermore, the overall incidence rates of complementary feeding initiation before, at, and after 6 months of age of the infants were
7.28, 41.41, and 42.97 per 100 person-months of observations, respectively. This study also identified that the age of the mother and
the wealth status of the household were statistically independent predictors of the time to initiate complementary feeding.

Based on these findings, the authors recommended that it is better to conduct a more qualitative and prospective interventional
cohort study to clearly identify the relationship between age and wealth status in the introduction of complementary feeding among
primipara mothers. In addition, the health department was better able to strengthen the activity of community health workers with
respect to the creation of awareness and the promotion of complementary feeding initiation through home and family-based in-
terventions among primipara mothers. Furthermore, community health professionals should work better on when to start comple-
mentary feeding for infants for young primipara mothers. It is also better to strengthen the promotion of breast milk as an inexpensive
and irreplaceable food for infants until the age of 6 months for those primipara mothers who have a better wealth status.
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