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Abstract Article History
Background: Diabetes mellitus is a significant health concern, particularly in children, thus, maintaining | Received: 03 Oct 2024
normal glucose levels during pregnancy is crucial for the health of both mother and fetus. Understanding | Accepted: 25 Oct 2024
the factors that contribute to the risk of diabetes diagnosis is crucial for early intervention and prevention. | Published: 04 Nov 2024
Obijective: This study investigates the association between maternal factors, such as birth weight, birth
order, maternal age, and the risk of type 1 diabetes in children in Bauchi State, Nigeria.

Methods: A cross-sectional retrospective cohort design was employed, using data from two major
hospitals in Bauchi State. The study included 147 birth records from two major hospitals over one year
(June 2022 to June 2023). Inclusion criteria encompassed gestational age less than 37 weeks and birth
weights ranging between 1,500 and 4,499 grams. The exclusion criteria included instances of multiple
pregnancies and major congenital anomalies. Data were analyzed using SPSS version 23, with linear
regression to assess associations between maternal factors and childhood type 1 diabetes diagnosis.
Results: The regression analysis revealed that the model explained approximately 48.7% of the variance
in diabetes diagnosis (R-square = 0.487). Maternal age (B = 0.012, p = 0.003) and child birth weight (B
=0.145, p< 0.001) were identified as significant positive factors, indicating that as maternal age and birth
weight increase, the likelihood of diabetes diagnosis also increases. Conversely, paternal age showed a
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significant negative association (B = -0.021, p < 0.001). No significant associations were found between | License: CC BY 4.0*
birth order and gender. @ @
Conclusion: This study highlights the importance of maternal age and child birth weight as critical factors =

in predicting the risk of diabetes in children. The findings underscore the need for targeted interventions Open Access article.

to mitigate these risk factors and improve maternal and child health outcomes in Bauchi State. Further
research is warranted to explore the underlying mechanisms and develop comprehensive strategies for
diabetes prevention in children.
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Introduction al., 2022). The mortality rate in pregnant women with type 1
Diabetes mellitus, whether type 1 or 2 is known to contribute diabetes is around 0.5%, which is 5 to 20 times higher than
to morbidity and mortality in various conditions, including those without diabetes (Gualdani et al., 2021). The causes of
maternal health (Choudhury & Rajeswari, 2021). Maintaining mortality in these women are primarily associated with
normal glucose levels during pregnancy is essential for the complications of the pregnancy itself (such as preeclampsia,
health of the mother and fetus (McCance & Cassidy, 2024). eclampsia, and pulmonary edema) and of diabetes (such as
The incidence of diabetes first diagnosed during pregnancy is hypoglycemia, ketoacidosis, and diabetic nephropathy) (Knorr
rising globally, affecting about 1 in 6 pregnancies (Wang et et al., 2018; Lin et al., 2017). Other causes include brain stem
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infarction and complications from anesthesia (Leinonen et al.,
2001). Factors increasing maternal mortality risk include
longer diabetes duration (>20 years), poor glycemic control,
diabetic nephropathy, and unplanned pregnancy with
inadequate preconception care (Knorr et al., 2018; Stone et al.,
2020). In line with the Sustainable Development Goals
(SDGs), the precise cause of the mortality and other associated
risks need to be investigated and addressed.

Diabetes mellitus is characterized by hyperglycemia and
glucose intolerance due either to insulin deficiency, impaired
insulin action, or a combination of the two (Venyo, 2023).
Previous studies have shown strong associations between
maternal age, birth order, gestational age, and type | diabetes.
Maternal age at delivery has recently increased in both
developed and developing countries, including Nigeria (Zhang
et al., 2022). Research has shown that older maternal age is
linked to pregnancy complications, including preterm delivery
and low birth weight (Rydahl et al., 2019), and childhood
diseases such as asthma (Bekkar et al., 2020), leukemia
(Magnusson et al., 2021), and type 1 diabetes (White et al.,
2023). Childhood-onset type 1 diabetes results from the
autoimmune destruction of pancreatic beta cells, leading to
insulin deficiency in genetically susceptible individuals
triggered by environmental factors (Esposito et al., 2019).

The risk of childhood type 1 diabetes has been linked to high
maternal age, with several studies suggesting a significant
association. For instance, a systematic review and meta-
analysis found that children born to older mothers have a 5%
increased risk of childhood type 1 diabetes for each 5-year
increase in maternal age (Cardwell et al., 2010). Another study
reported similar findings (Ayati et al., 2020). In contrast, the
association between paternal age and childhood type 1
diabetes is less clear, with some studies reporting a weak
association and others finding no significant correlation. For
example, maternal age of higher than 25 was a significant risk
factor, but paternal age was not (Ayati et al., 2020).

Though the underlying environmental factors are still not
clear, several factors have been proposed including viral
infections (Qiu et al., 2024), dietary factors such as cow’s milk
protein and gluten (Cardwell et al., 2010), environmental
toxins (Cardwell et al., 2010), increased infant weight gain
(Katsarou et al., 2017), and antenatal factors such as maternal
age and birth order (Hidayat et al., 2019). Increasing birth
order has been reported to decrease the risk of type 1 diabetes
in childhood (Tanoey et al., 2022), whereas the risk is lowest
in the first-born children of parents with type 1 diabetes
(Bingley et al., 2000). Many studies have found consistent
relationships between type 1 diabetes and maternal age
(Hidayat et al., 2019) and gestational age (Metséla et al.,
2024), but less for birth orders (Tanoey, 2022), paternal age
(Crump et al., 2020) and birth weight (Ludvigsson et al.,
2019). Most of these studies were conducted in developed
nations, thus there is a need to conduct related studies within
specific populations such as Bauchi State to explore these
factors and address local health issues effectively. Therefore,
this retrospective cross-sectional cohort study aims to
investigate the association between maternal factors such as
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birth weight, birth orders, maternal age, and risks of type 1
diabetes within the Bauchi state population.

Methodology

Study Design

The study employed a cross-sectional retrospective cohort
design to examine the potential association between the
incidence of type 1 diabetes and some perinatal factors
including maternal age, birth order, and paternal age, as well
as birth weight. The research utilized retrospective data
collected from two prominent hospitals in the Bauchi South
senatorial zone of Bauchi State: Abubakar Tafawa Balewa
University Teaching Hospital (ATBUTH) Bauchi and
Specialist Hospital Bauchi. These hospitals were selected due
to their status as major government healthcare facilities in the
state, with the highest volume of deliveries recorded among
government hospitals in the region.

Data Collection Duration

Data collection was done between June 2022 to June 2023
from the health management departments of the two hospitals.
The study population was determined through retrospective
data analysis, focusing on individuals meeting specific
eligibility criteria.

Study Population and Selection Criteria

Inclusion criteria encompassed gestational age less than 37
weeks and birth weights ranging between 1,500 and 4,499 g.
The exclusion criteria included instances of multiple
pregnancies, major congenital anomalies, and loss of follow-
up within the second year of life. A sampling frame was
constructed from comprehensive birth records obtained with
written permission from hospital management registries, with
the individual data record serving as the sampling unit. Sample
size calculation was conducted using Gpower software,
yielding a total sample size of 150 birth records across all
hospitals. Stratified sampling proportional to the number of
birth records in each hospital was subsequently employed.

Instrument for Data Collection

A pro forma was utilized as the data collection instrument to
capture maternal demographic data and details of childhood
type 1 diabetes cases. Data were collected manually, and
supplemented by additional validation procedures to ensure
data accuracy. Quality control measures, including content
validity assessment by a supervisory committee comprising
child health experts, were implemented to enhance the
reliability of the collected data.

Statistical Analysis

Data entry and statistical analysis were conducted using the
SPSS version 23 package. Before analysis, the dataset
undergoes exploration to identify and remove outliers and
assess normal distribution. Linear regression was employed to
estimate standardized and unstandardized coefficients along
with 95% confidence intervals (Cl). This analysis allowed for
the examination of the association or relationship between
variables and trends across categories.
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Ethical Approval

The study was approved by the Bauchi State Ministry of
Health (ethical approval number:
NREC/040/11/19B/2021/097) and the Abubakar Tafawa
Balewa University Teaching Hospital (ATBUTH) Bauchi
(ethical approval number: 0064/2023). All procedures
performed in this study were following the ethical standards of
these institutions.

Results

Atotal of about 147 folders were accessed for the study period,
the results show slightly more females (53.7%) were born than
males (46.3%) during the study period, and diabetes diagnosis
data indicate 11 of the children were diagnosed with type 1
diabetes.

The sociodemographic characteristics of mothers as shown in
Table 1 revealed a predominantly homogeneous sample.
Among the participants, a vast majority identified with Islam,
accounting for 95.92% (141 mothers), while a small fraction
(4.08%, 6 mothers) identified with Christianity. The marital
status distribution shows that nearly all the mothers were
married, representing 97.96% (144 mothers), with minimal
representation from divorced (0.68%, 1 mother) and widowed
(1.36%, 2 mothers) individuals. In terms of ethnicity, the
Hausa ethnic group was the most prevalent, comprising
81.63% (120 mothers) of the sample. This was followed by the
Fulani ethnic group, which accounted for 9.52% (14 mothers).
Other ethnicities, including Yoruba and Igbo, each represented
0.68% (1 mother each), while 7.48% (11 mothers) identified
with other ethnic groups. The educational status of the mothers
indicates a significant portion had informal education,
representing 74.83% (110 mothers). Mothers with primary
education were a minority at 2.04% (3 mothers), while those
with secondary education constituted 16.33% (24 mothers).
Finally, 6.80% (10 mothers) had attained tertiary education.

Table 1: Sociodemographic characteristics of mothers of
children born between June 2022 to 2023

Variables Frequency (%)
Religion

Islam 141 (95.92)
Christianity 6 (4.08)
Marital Status

Married 144 (97.96)
Divorced 1 (0.68)
Widow 2 (1.36)
Ethnicity

Hausa 10 (81.63)
Fulani 14 (9.52)
Yoruba 1 (0.68)
Igho 1 (0.68)
Others 11 (7.48)
Educational Status

Informal 110 (74.83)
Primary 3(2.04)
Secondary 24 (16.33)
Tertiary 10 (6.80)

Table 2 shows the distribution of maternal ages, paternal
history of diabetes and child birth weight. The distribution of
maternal age at delivery shows a wide range of ages among the
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mothers. The largest proportion of mothers fell within the 20
to 25-year age group, representing 25.17% (37 cases). This
was followed by the 26 to 30-year age group at 22.45% (33
cases) and the 31 to 35-year age group at 12.93% (19 cases).
Mothers aged 36 and above comprised 6.12% (9 cases), while
those under 20 years old accounted for 3.40% (5 cases). In
terms of paternal history of diabetes, only 6.80% (10 cases)
indicated a positive history, while 27.21% (40 cases) reported
no paternal history of diabetes. Childbirth weight is a critical
factor, with children in the 3.1 to 4 kg range representing the
highest percentage at 36.73% (54 cases). Those weighing
between 2 to 3 kg accounted for 15.65% (23 cases). Low birth
weight (<2 kg) and high birth weight (>4.1 kg) each
represented 1.36% (2 cases). A significant portion, 44.90% (66
cases), did not state the birth weight. The distribution of birth
order among the children indicates that firstborns constitute
25.17% (37 cases), second-born children account for 18.37%
(27 cases), and third-borns represent 8.84% (13 cases).
Children of fourth birth order or higher make up 33.33% (49
cases), and 14.29% (21 cases) were not stated.

Table 2: Maternal and Child Health Characteristics

Variables Frequency (%)
Maternal age at delivery

<20 5 (3.40)
20to 25 37 (25.17)
26 to 30 33 (22.45)
31t0 35 19 (12.93)
>36 99(6.12)
Others 44 (29.93)
Paternal history

Yes 10 (6.80)
No 40 (27.21)
Not stated 97 (65.99)
Child birth weight (kg)

<2 2 (1.36)
2t03 23 (15.65)
3.1to4 54 (36.73)
>4.1 2 (1.36)
Not stated 66 (44.90)
Birth order

First 37 (25.17)
Second 29 (18.37)
Third 13 (8.84)
>Fourth 49 (33.33)
Not stated 21 (14.29)

Regression analysis was conducted to examine the relationship
between various independent variables —parity/birth order,
paternal age, child birth weight, maternal age, maternal and
paternal history of diabetes, maternal educational status, and
child gender —with the dependent variable; diabetes
diagnosis. The analysis aimed to assess how these factors
collectively contribute to the prediction of diabetes diagnosis
among the children in the study population. The results of the
regression analysis are shown in Tables 3 and 4.
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Table 3: Regression Summary

Metric Value
R 0.698
R Square 0.487
Adjusted R Square 0.469

As shown in table 3 the model's R-value is 0.698, indicating a
strong correlation between the independent variables and the
dependent variable (diabetes diagnosis). The R-square value
of 0.487 suggests that approximately 48.7% of the variance in
diabetes diagnosis can be explained by the combined effect of
the independent variables included in the model. The Adjusted

Table 4: ANOVA Table
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R-square, slightly lower at 0.469, accounts for the number of
predictors in the model and provides a more accurate measure
of model fit.

The ANOVA table shows that the regression model is
statistically significant (F (5, 141) = 26.80, p < 0.001). This
indicates that the owverall regression model significantly
predicts the incidence of diabetes diagnosis among the study
population. The significance of the model implies that at least
one of the independent variables has a meaningful relationship
with the dependent variable (diabetes diagnosis).

Source Sum of Squares Mean Square df F Sig
Regression  28.189 5.638 5 26.800 0.001
Residual 29.661 0.210 141

Total 57.850 146

Table 5: Coefficients and Variance Inflation Factors for Predictors of Diabetes Diagnosis

Variables Coefficients Standard
B) error
Intercept 2.14 0.135
Gender 0.040 0.076
Birth order 0.000 0.017
Maternal age 0.012 0.004
Paternal age -0.021 0.004
Child birth weight 0.145 0.030

t sig Variance inflation factor

(VIF)

15.689 0.001

0.526 0.600 1.010

-0.011 0.992 1.138

3.048 0.003 2.019

-5.490 0.001 1.330

4.874 0.001 1.772

Dependent variable: Diabetes diagnosis

Independent variables (predictors): Maternal age, paternal age, birth order, child birth weight, gender

Table 5 showed the Coefficients and Variance Inflation
Factors (VIF). The Table provides detailed information about
the individual predictors in the model. The intercept of 2.14 is
the expected log odds of a diabetes diagnosis when all
predictors are held at zero. The coefficients for gender and
birth order are 0.040 (p = 0.600) and 0 (p = 0.992),
respectively. These indicate no significant association in
diabetes diagnosis between genders and birth order
respectively. The coefficient for maternal age is 0.012, which
is statistically significant (p = 0.003), suggesting that with each
additional year of maternal age, the likelihood of a diabetes
diagnosis increases. For paternal age, the coefficient is -0.021,
which is statistically significant (p = 0.001), which indicates a
negative association, meaning that with each additional year of
paternal age, the likelihood of a diabetes diagnosis decreases
by 0.021. Child birth weight has a coefficient of 0.145, (p <
0.001), which implies that higher birth weight is associated
with an increased likelihood of diabetes diagnosis. To rule out
a chance of collinearity between the predictors variables, we
include in the results the variance inflation factor (VIF) values
which measure the influence of collinearity on the variance of
the coefficient estimates. The VIF values for all predictors
range between 1.010 and 2.019, indicating no severe
multicollinearity among the predictors. VIF values below 10
generally indicate that multicollinearity is not a concern, and
the predictors do not excessively inflate the variance of the
coefficient estimates.

Discussion

The results in Table 1 provide a snhapshot of the
sociodemographic characteristics of the mothers of children
born between June 2022 and June 2023, focusing on their
religion, marital status, ethnicity, and educational status. From
the results obtained, 95.92% of the mothers identify as
Muslim, and 81.63% and 9.52% as belonging to the Hausa and
Fulani ethnicity respectively. This is unsurprising as it is well
known that Bauchi is a state dominated by the Hausa-Fulani
Muslims (Sarmiento et al., 2021). The vast majority of the
mothers (97.96%) were married. This may indicate strong
marital stability, which could potentially have positive
implications for child-rearing practices and support systems
available for mothers (Groele et al., 2019). The high
proportion of mothers with informal education (74.83%)
among the study population highlights potential challenges in
health literacy. A study conducted in Bauchi State found that
mothers with higher levels of education were more likely to
have their children vaccinated and to practice good hygiene, as
well as seek medical care for the children when sick (Omer et
al., 2021). Lower educational levels could impact mothers'
ability to access, understand, and utilize healthcare
information and services effectively, underscoring the need for
targeted educational and health promotion programs (Léniz-
Maturana et al., 2023).

Table 2 presents the maternal and child health characteristics.
The data suggest that the majority of mothers are relatively
young, with a significant portion in the 20-30-year age range,
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which could be indicative of early childbearing practices
within the population. This is consistent with the typical age
range for childbearing in many societies (Ahmad et al., 2021).
In Bauchi State, the median age at first sexual intercourse
among women is 15.4 years, and 41% of teenagers have
already begun childbearing (Sarmiento et al., 2021). Only
6.80% of fathers had a history of diabetes, however, the high
percentage of unstated paternal history (65.99%) highlights a
potential gap in the data collection process. This lack of
information limits the ability to assess the full impact of
paternal history on the health outcomes of children. The
majority of children (36.73%) were born with a birth weight
between 3.1 to 4 kg, which is within the normal range for
newborns. This suggests that the majority of children were
born with a healthy birth weight, which is a positive indicator
of their overall health.

The children's parity or birth order provides insights into the
family reproductive behavior and dynamics with a higher
proportion of first-, and second-born, which reflects the
differences in the size and composition of the family. In
addition, it also explained the behavior of the Bauchi
population towards seeking medical attention, for example, the
delivery of firstborn constituted a high percentage (25.2%),
indicating that the population believed first delivery is usually
difficult and needs the attention of a qualified physician,
however as the birth order increases through second, third and
subsequent deliveries there is hesitancy in seeking antenatal
care as well as delivery in the hospital (Swamy et al., 2012).
This pattern of healthcare-seeking behavior has implications
for maternal and child health outcomes. Encouraging hospital
deliveries for all births, regardless of birth order, could help
improve health indicators and reduce maternal and neonatal
mortality in the region. Contrary to this finding, a previous
study women population in Bauchi reported that they have
more children, they are more likely to seek ANC services,
possibly due to increased awareness and familiarity with the
importance of ANC for their health and that of the children
(Omer et al., 2014).

The regression analysis conducted in this study provides
valuable insights into the factors that contribute to the risk of
diabetes diagnosis in children. The model, which includes
predictors such as maternal age, paternal age, birth order, child
birth weight, gender, and parental history of diabetes, explains
approximately 48.7% of the variance in diabetes diagnosis (R-
square = 0.487). This high proportion suggests that nearly half
of the variability in diabetes diagnosis can be attributed to the
predictors used in the model, indicating a robust fit. The
overall significance of the model is affirmed by the ANOVA
results, showing an F-value of 26.800 with a p-value of less
than 0.001. This statistical significance implies that the model
reliably predicts diabetes diagnosis, and the set of predictors
collectively contribute meaningfully to the model.
Consequently, it can be inferred that at least one of the
predictors has a substantial impact on the likelihood of
diabetes diagnosis in children.

Among the individual predictors, maternal age and child birth
weight emerged as significant positive factors. The coefficient
for maternal age (B = 0.012, p = 0.003) indicates that as the
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age of the mother increases, the likelihood of her child being
diagnosed with diabetes also increases. Similarly, the
coefficient for child birth weight (B = 0.145, p < 0.001)
suggests that higher birth weight is associated with a higher
risk of diabetes diagnosis. These findings underline the
importance of maternal health and birth weight as critical
factors in the early prediction and potential prevention of
diabetes in children. Conversely, paternal age shows a
significant negative association with diabetes diagnosis (B = -
0.021, p < 0.001), meaning that children with older fathers are
less likely to be diagnosed with diabetes. This finding is
intriguing and warrants further investigation to understand the
underlying biological or environmental mechanisms that
might contribute to this relationship.

The findings from this study align with previous research
highlighting the influence of parental age and birth weight on
diabetes risk (Harder et al., 2007; Lawlor et al., 2011). The
result is further supported by the findings of (Huang et al.,
2021) who reported an association between higher birth weight
and incidence of type 1 diabetes, and also low birth weight as
a protecting factor against type 1 diabetes. Similar associations
between parental age and offspring glucose tolerance were
reported in other studies, highlighting the intergenerational
transmission of metabolic risk factors (Bhargava et al., 2004;
Krischer et al., 2017; Rao, 2015). Additionally, research by
Gesta et al. (2007) supports the role of developmental factors,
including birth weight, in the pathogenesis of diabetes thus
further supporting the findings of this study (Gesta et al.,
2007). Previous studies have shown that maternal age at
delivery is associated with the risk of diabetes in children, with
older mothers having a higher risk. High intrauterine and rapid
post-natal growth have been linked to a hyperinsulinemia state,
suspected to trigger an autoimmune process of pancreatic B
cell destruction leading to diabetes (Bingley et al., 2000;
Cardwell et al., 2010; Choudhury & Devi Rajeswari, 2021;
Robertson & Harrild, 2010). Some studies have reported
conflicting results regarding the association between birth
weight and the risk of type 1 diabetes, which may be
influenced by geographical locations, ethnic and lifestyle
variations, and the study sample size (Fagerudd et al., 2006;
Zhao et al., 2018).

No significant associations were found between birth order
and gender with diabetes diagnosis in this study. The
coefficient for birth order was near zero and statistically
insignificant (B = 0.000, p = 0.992), indicating no effect of the
order of birth on diabetes risk. Similarly, the gender coefficient
(B = 0.040, p = 0.600) reveals no significant difference in
diabetes risk between boys and girls, despite a slightly higher
incidence in boys. Nonetheless, this does not necessarily
discount the relevance of these variables in the context of
diabetes risk; rather, they underscore the complexity of
diabetes etiology and the need for further investigation into the
multifactorial nature of the disease.

Conclusion

This study conducted in Bauchi State provides valuable
insights into the factors influencing diabetes diagnosis in
children. From the regression analysis, maternal age and child
birth weight were identified as significant predictors of type 1
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diabetes in children. Specifically, higher maternal age and
greater birth weight were associated with an increased risk of
diabetes, while higher paternal age was linked to a reduced
risk. These findings underscore the importance of monitoring
maternal health and birth conditions to mitigate diabetes risk
in children. The study did not find significant associations
between birth order or gender and diabetes risk, indicating the
multifactorial nature of the disease. Our results align with
previous research and emphasize the need for tailored health
interventions focusing on maternal and infant health to prevent
type 1 diabetes. Further research could explore the interplay of
genetic and environmental factors in diabetes risk among
children in Bauchi State. Additionally, longitudinal studies
tracking children's health outcomes over time would provide a
deeper understanding of the progression of diabetes and the
impact of early interventions.
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Prod d From Wheat and Banana Peel Flour

This study found that adding banana peel flour to wheat flour can improve the nutritional value of noodles, such as

uthors

areas
=& 2 i Dt | por:
H publishers I
séif archwmgagreemel'ltS:v TS
P ‘

0
[} increasing dietary fiber and antioxidant content, while reducing glycemic ir
[3}

dex.

Cite as: Oguntoyinbo, O. O., Olumurewa, J. A. V., & Omoba, O. S. (2023). Antioxidant and Dietary Fibre Content of Noodles
Produced From Wheat and Banana Peel Flour. IPS Journal of Nutrition and Food Science, 2(2), 46-51.

Impact of Pre-Sowing Physical Treatments on The Seed Germination Behaviour of Sorghum (Sorghum bicolor)

This study found that ultrasound and microwave treatments can improve the germination of sorghum grains by breaking
down the seed coat and increasing water diffusion, leading to faster and more effective germination.
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