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Abstract: Lower respiratory infections (LRI), upper respiratory infections (URI), and nutritional deficiency 
(ND) in under-5 children from low-middle-income countries has been at a high level for decades, despite efforts 
that have been realized in some countries. The study used data extracted from the global burden of diseases 
(GBD) to analyze the trends behavior between 1990 and 2019, and evaluate their association with maternal 
factors. Between 1990 and 2019, the incidence of LRI decreased between 1.2 percent and 1.3 percent (1.2-1.3%) 
in different female age groups, and by nearly 1 to 1.3% in those of the male gender. The incidence of URI did 
not decrease (0.0%) in any of their age groups. ND incidence declined around 0.7 to 4.9% in the under-5 
children. LRI declined mostly in the female age groups (1.2 to 1.3%), while ND decreased more in the male 
gender (0.9 to 4.9%). Maternal risk factors were strongly associated to the incidence of the three conditions with 
over 90 percent. Maternal prevalence of HIV/AIDS and tuberculosis positively impacted the incidence of LRI, 
URI, and ND in Chadian under-5 children. Although the incidence of LRI and ND declined, URI incidence 
remained steady between 1990 and 2019 in Chadian under-5 children. To improve the health and provide a 
healthy growth of under-5 children, the maternal prevalence of HIV/AIDS and tuberculosis infection should 
be strongly addressed for a prompt accomplishment of the sustainable development goals. 

Keywords: lower respiratory infections 1; upper respiratory infections 2; nutritional deficiency 3; 
under-5 children 4; maternal health and environmental risk factors 5; Chad 6 

 

1. Introduction 

The Lower respiratory infections (LRI) and upper respiratory infections (URI) are the two forms 
of medical conditions that affect the respiratory system, usually caused by a virus or bacteria [1]. In 
LRI, a viral agent frequently causes bronchitis or bronchiolitis, and streptococcus pneumoniae is 
commonly the bacterial agent [1]. When the causative agent of LRI reaches the distal airways through 
inhalation, aspiration or hematogenous seeding, its multiplication produces inflammation, elevated 
mucus secretion, unbalanced mucociliary function, necrosis, and sometimes airways obstruction 
causing fever, sputum production, chest pain, cough, headache, nausea, and tachypnea [1]. URI are 
mostly caused by viral agents such as adenovirus, coronavirus, and rhinovirus, leading to sneezing, 
fever, stuffy nose, tachypnea, etc. [1]. The association of recurrent respiratory infections and immune 
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system deficiency in children has been described by previous studies [2,3]. Such association was 
revealed to have a long-term effect on children’s health because of the interdependence between 
immunoglobulin classes [2,3]. 

Nutrition is of great importance in the production of energy designed to promote all the 
processes in humans [4]. When the intake of nutrients is lower than the necessary average, nutritional 
inadequacy is present, and it triggers nutritional deficiency (ND) when severe [4]. ND is traduced by 
an important decline in nutrients, causing an abnormal performance of the body and an exposure to 
many diseases [4]. Conditions such as anorexia nervosa, intestinal malabsorption, food scarcity, 
impaired digestion, and persistent vomiting are generally associated with ND [4]. 

During 2019, more than 150 million of under-five (under-5) children were diagnosed with 
nutritional deficiency [5], and over 1 million under-5 children’s deaths were annually attributed to 
respiratory infections [6]. Furthermore, over 80 percent (80%) of respiratory infections are identified 
in low- and middle-income countries (LMICs) [6]. 

The republic of Chad (Chad) is classified as a low-income country during 2019 according to the 
world bank (WB) [7]. Thus, the country is also associated with the highest numbers of under-5 
mortality caused by respiratory infections and nutritional deficiencies [5-7]. In 2018, 119 deaths per 
1000 live births were recorded in Chadian under-5 children caused by different medical conditions 
such nutrition deficiency, respiratory diseases, malaria, etc. [8]. Moreover, another study mentioned 
that Chad listed nearly 18,000 under-5 deaths caused by pneumonia in 2018 [9], and three (3) children 
out of 1000 die from nutritional deficiencies daily during the same year (2018) [10]. Such alarming 
numbers demonstrate how the health of under-5 children is fragile and should be considered as a 
high-level public health priority in the nation. 

Existing studies [11-14] have described the association between under-5 mortality and numerous 
maternal medical conditions and environmental factors such as maternal gynecological diseases 
(GD), the human immunodeficiency virus/acquired immunodeficiency syndrome (HIV/AIDS), heath 
exposure, maternal disorders (MD), tuberculosis infection (TB), malaria, etc in LMICs although an 
accurate quantification of the interconnection degree remained challenging.  Other studies [9-11] 
have discussed the trends of respiratory diseases and nutritional deficiency in under-5 children from 
Chad superficially presenting the relationship between the burden of under-5 children’s diseases and 
certain socioeconomic risk factors. However, there was no record of a study that discussed the trends 
behavior of the incidence of LRI, URI, and ND in Chadian female and male under-5 children; and 
measured the degree of their associations with some maternal medical and environmental risk 
factors. 

To contribute to one of the targets of the sustainable development goals (SDGs) which is ending 
preventable deaths in newborns and under-5 children, with countries to reduce their mortality rates 
between 12 and 25 per 1000 live births across the world by 2030 [15], the present study aims to 
evaluate the trends of LRI, URI, and ND incidence in under-5 children from Chad by gender; and to 
establish the degree of their association relative to maternal health and environmental conditions. 

2. Materials and Methods 

2.1. Data source 

The Global Burden of Diseases (GBD) provided the data extracted in this study [16]. The 
incidence rates of lower respiratory infections (LRI), upper respiratory infections (URI), and 
nutritional deficiency (ND) were evaluated per 100,000 children. The under-5 age category is divided 
into four age groups. The early neonates are those aged between 0-6 days, followed by the late 
neonates who are aged between 7 and 27 days. The post-neonates include infants aged between 28 
and 364 days. The last age group is composed of children aged between 1 and 4 years, as described 
by the GBD [16]. The maternal health and environmental factors represented by the prevalence of the 
followings: gynecological diseases (GD), the human immunodeficiency virus/acquired 
immunodeficiency syndrome (HIV/AIDS), tuberculosis infection (TB), maternal disorders (MD), 
hepatitis B (HB), malaria, nutritional deficiency (ND), alcohol use disorders (AUD), heat and cold 
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exposure (HCE), and malaria were all downloaded from the GBD database relative to women of 
reproductive age (women aged between 15 and 49 years old). 

The GBD database is under the Institute for Health Metrics and Evaluation (IHME) control in 
Seattle, Washington State, USA. Primary data sources for GBD include household surveys with 
complete birth histories, censuses, vital registrations, disease surveillance systems, and sample 
registration systems. The data utilized for the research is based on GBD data input under the Global 
Health Data Exchange (GHDx) section in the results tools. Further details were described on the GBD 
official website [16]. Ethical approval was not needed for this study because there was no direct 
involvement or interaction with human subjects. 

2.2. Statistical analysis 

The aims of the present research article are to evaluate the different behaviors of LRI, URI, and 
ND incidence trends in Chadian under-5 female and male children and identify the various degrees 
of their associations with certain maternal health and environmental factors. To accomplish those 
objectives, the study employed the following statistical analyses. 

2.2.1. Trends assessment: Joinpoint regression 

The behaviors of the trends from the incidence of LRI, URI, and ND from 1990 to 2019 was 
analyzed using Joinpoint regression. Years with significant changes in the patterns were identified, 
and the annual percentage change (APC) and the average annual percent change (AAPC), along with 
their 95% confidence interval (CI), were also estimated for each trend segment between the study 
period (1990-2019). The equation and algorithm for Joinpoint regression analysis calculations are 
described elsewhere [17]. Many studies used the same regression analysis (Joinpoint regression) to 
access different trends [18-21]. The study utilized Joinpoint regression software program (version 
4.9.0.0, March 2021) from the Statistical Research and Application branch of the U.S. National Cancer 
Institute Surveillance Research Program to conduct the analysis. 

2.2.2. Association and impact evaluation: LASSO regression 

In the current study, the selected independent variables are all related to maternal age category 
(women aged between 15 and 49 years old). They include the prevalence of gynecological diseases 
(GD), the prevalence of the human immunodeficiency virus/acquired immunodeficiency syndrome 
(HIV/AIDS), the prevalence of maternal disorders (MD), the prevalence of tuberculosis (TB), the 
prevalence of hepatitis B (HB), the prevalence of nutritional deficiency (ND), the prevalence of 
malaria, the prevalence of alcohol use disorders (AUD), and finally the prevalence of heat and cold 
exposure (HCE) which were found significantly high in Chad during 2019 according to GBD study 
findings [16]. Anterior studies [11-14] identified the association between some of those maternal 
conditions and under-5 children mortality, although the estimation of the different degree of 
association remained generally challenging.  

Pearson correlation coefficients of the variables differ relative to the incidence of the diseases, as 
presented in Table 1. Strong statistically significant correlation coefficients could be identified among 
the estimates which could indicate the presence of multicollinearity [22]. Multicollinearity is 
commonly debated when conducting regression analyses. In the presence of multicollinearity, the 
regression outcome estimates could be misleading because multicollinearity can generate 
considerable confidence intervals and few significant likelihood values of the independent variables, 
making the model less reliable [23]. The origins of multicollinearity are generally attributed to data 
collection, physical motives, outliers, an over-defined model, and the specification of a model [24]. 
Therefore, the present study utilized a penalized regression known as Least absolute shrinkage and 
selection operator (LASSO) regression. In the presence of multicollinearity, LASSO regressions had 
been previously utilized to overpower collinearity. It employs penalization procedures to shrink 
regression estimates completely to zero (0) and automatically excludes one of the variables from the 
model, as illustrated in research executed in different fields [25-27]. The algorithm and the equation 
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representing LASSO regression had been discussed elsewhere [28,29]. In our study, we utilized the 
optimum search for the penalty value in the regression models. RStudio 2021.09.0 Build 3.5.1 software 
was utilized to conduct the regression analysis. 

3. Results 

3.1. Joinpoint regression findings 

The trends representing the incidence of lower respiratory infections (LRI), upper respiratory 
infections (URI), and nutritional deficiency (ND) in Chadian under-5 female and male children 
between 1990 to 2019 are presented in figures 1 to 3. 

According to Figure 1, which displays the trend of LRI incidence in both genders, declining 
patterns could be observed in different trends describing each age group and the overall age category 
in the two genders, especially after 2000. Between 1990 and 2019, the lowest patterns were associated 
with females and males aged between 0 to 6 days (early neonates), and the highest was observed in 
those aged between 1 and 4 years. There is a similarity between the trends in the female gender and 
those in the male gender. 

Figure 2 is the representation of the trends from URI incidence. In both females and males from 
different age groups, upward and downward patterns were present in the trends. An increasing 
phase could be noticed between 1990 and 2005, followed by a downstream segment between 2006 
and 2019. Compared with the rest of the age groups, the lowest trends of URI were associated with 
males and females aged between 1 and 4 years. Females and males aged between 28 and 364 (post-
neonates) days and those aged between 0 and 6 days (early neonates) registered the highest patterns 
relative to different periods. When comparing 1990 with 2019, a seemingly steady level is observed 
in the trends of URI in under-5 female and male children from Chad. 

Based on the representation of ND incidence between 1990 and 2019, Figure 3 shows an upward 
and downward behaviors in the trends representing different age groups, except for the trend in 
males aged between 1 and 4 years that displayed an almost steady pattern. In the rest of the age 
groups from both genders, upward and downward behaviors were present in different trends. The 
lowest rates of ND incidence were identified in males and females aged between 1 and 4 years. 

Table 2 displays the outcomes from Joinpoint regression. According to the average annual 
percent of change (AAPC) estimates, the incidence of LRI decreased significantly across different age 
groups in males and females. In children aged between 0 and 6 days (early neonates), 7-27 days (late 
neonates), and 28-364 days (post neonates), LRI incidence declined more in the age groups from the 
female gender in comparison to those of the male gender. Regarding infants aged between 1 and 4 
years, LRI decreased equally in females and males between 1990 and 2019. Based on the study 
findings, the incidence of URI did not decrease in any age group in both genders from 1990 to 2019. 
The incidence of ND decreased in all the age groups in both females and males from 1990 to 2019. In 
both genders, the decline of ND incidence in early neonates and children of 1-4 years are the most 
and least, in contrast to the rest of the age groups during the same study period. In all age groups, 
the incidence of ND declined mostly in the male gender age groups compared with the female 
gender. 

When looking at the values relative to the overall (under-5 children) in both genders, LRI 
incidence declined more in the female gender in contrast to the male gender. Oppositely, the overall 
ND incidence decreased more in the male gender than the female. 
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Figure 1. Trends of lower respiratory infections (LRI) incidence in Chadian female and male under-5 
children between 1990 and 2019. 

  

Figure 2. Trends of upper respiratory infections (URI) incidence in Chadian female and male under-
5 children between 1990 and 2019. 
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Figure 3. Trends of nutritional deficiency (ND) incidence in under-5 Chadian female and male 
children between 1990 and 2019. 

Table 2. Average annual percent of change (AAPC) values. 

 
Variables 

 
Period 

LRI URI ND 
AAPC (95% CI) AAPC (95% CI) AAPC (95% CI) 

Female     
Early neonates 

(0-6 days) 
1990-2019 -1.2* (-1.3, -1.1) 0.0 (0.0, 0.1) -3.1* (-3.8, -2.3) 

Late neonates (7-
27 days) 

1990-2019 -1.3* (-1.3, -1.2) 0.0 (0.0, 0.1) -2.8* (-3.5, -2.0) 

Post neonates 
(28-364 days) 

1990-2019 -1.3* ( -1.5, -1.2) 0.0 (-0.1, 0.1) -2.1* (-2.7, -1.5) 

1-4 years 1990-2019 -1.3* ( -1.4, -1.2) 0.0 (-0.1, 0.1) -0.7* (-0.8, -0.6) 
Overall 1990-2019 -1.3* (-1.4, -1.2) 0.0 (-0.0, 0.1) -2.2* (-2.9, -1.6) 

Male     
Early neonates 

(0-6 days) 
1990-2019 -1.0* (-1.0, -0.9) 0.0 (-0.1, 0.1) -4.9* (-6.1, -3.6) 

Late neonates (7-
27 days) 

1990-2019 -1.0* (-1.1, -1.0) 0.0 (-0.1, 0.1) -4.5* (-5.7, -3.3) 

Post neonates 
(28-364 days) 

1990-2019 -1.2* (-1.4, -1.1) 0.0 (-0.1, 0.2) -3.1* (-3.8, -2.4) 

1-4 years 1990-2019 -1.3* (-1.5, -1.2) 0.0 (-0.1, 0.1) -0.9* (-0.9, -0.8) 
Overall 1990-2019 -1.2* (-1.4, -1.0) 0.0 (-0.1, 0.2) -3.8* (-4.7, -2.8) 

**, statistically significant values at alpha=0.05; CI, confidence interval; LRI, lower respiratory infections; URI, 
upper respiratory infections; ND, nutritional deficiency. 

3.1. LASSO regression outcomes 

The Least absolute shrinkage and selection operator (LASSO) regression yielded the following 
outcomes. The different degrees of the association of the maternal health and environmental factors 
and the incidence of the under-5 children’s medical conditions (LRI, URI and ND) represented by the 
R-square values indicated the presence of a strong association estimated over 90 percent (90%). The 
mean square error (MSE) of each model were alternatively low. 
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In the female gender, β1 represent the prevalence of GD meanwhile β2 and β4 indicating the 
prevalence of HIV/AIDS and TB showed positive estimates (positif effect) across the incidence of LRI, 
URI and ND in all the age groups of Chadian under-5 children. β3 that stands for the prevalence of 
MD and β6 that illustrates the prevalence of malaria have negative values (negative impact) regarding 
the incidence of ND in the different age groups. The prevalence of HCE represented by β9 is associated 
to positive values in the incidence of URI and ND in Chadian under-5 children. β3 and β8 displayed 
negative values concerning the incidence of URI and ND across all the different age groups.  

When observing the values of the β estimates in the male gender, only β4 had positive impact 
throughout the incidence of LRI, URI and ND in different composed age groups. β3 and β6 showed 
negative values in the incidence of ND meanwhile β9 presented negative estimates during the 
incidence of LRI. Although the values of β1 and β5 were randomly positive and negative in the 
incidence of LRI, they were homogeneously negative in the incidence of URI and positive for the 
incidence of ND in all the age groups. β2 and  β7 were only negative in the incidence of URI. β8 values 
were all negative for the incidence of URI and ND in all the male age groups. 

Table 3. LASSO regression estimates. 

Variables β1 β2 β3 β4 β5 β6 β7 β8 β9 R2 
(%) 

MSE 

Female            
LRI            

Early 
neonates 

-0.01 0.14 0.29 0.60 N/A N/A 0.10 N/A -0.01 99.90 0.006 

Late 
neonates 

-0.01 0.14 0.34 0.57 N/A N/A 0.09 N/A -0.00 99.90 0.007 

Post 
neonates 

-0.08 0.07 0.43 0.53 N/A N/A 0.01 N/A -0.04 99.90 0.006 

1-4 years -0.07  0.24 0.52 0.10 N/A 0.09 N/A -0.07 99.91 0.006 
Overall -0.08 0.02 0.24 0.62 N/A N/A 0.11 N/A -0.06 99.91 0.005 

URI            
Early 

neonates 
-0.92 0.06 0.17 0.51 -0.54 0.33 N/A -0.29 0.23 99.90 0.007 

Late 
neonates 

-0.92 0.05 0.19 0.49 -0.54 0.33 -0.01 -0.29 0.22 99.90 0.007 

Post 
neonates 

-0.89 N/A 0.26 0.32 -0.61 0.48 -0.05 -0.32 0.17 99.87 0.008 

1-4 years -0.44 N/A 0.09 0.16 -1.33 1.13 -0.39 -.058 0.37 99.49 0.036 
Overall -0.88 N/A 0.11 0.42 -0.87 0.67 -0.08 -0.42 0.26 99.84 0.011 

ND            
Early 

neonates 
-1.30 0.14 -

1.83 
2.80 -0.70 -1.64 0.22 -1.71 0.57 99.05 0.068 

Late 
neonates 

-1.33 0.21 -
1.55 

2.73 -0.65 -1.77 0.00 -1.69 0.60 98.93 0.077 

Post 
neonates 

-1.42 0.16 -
1.97 

3.35 -0.62 -1.95 0.01 -1.65 0.68 99.05 0.068 

1-4 years -0.28 0.25 -
0.69 

1.98 -0.17 -1.29 N/A -0.72 0.43 99.71 0.020 

Overall -1.29 0.18 -
1.57 

2.83 -0.61 -1.78 0.01 -1.61 0.60 99.04 0.069 

(a) N/A, not applicable; LRI, lower respiratory infection; URI, upper respiratory infection; ND, nutritional 
deficiency; MSE, mean square error. (b) 
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Variables β1 β2 β3 β4 β5 β6 β7 β8 β9 R2 
(%) 

MSE 

Male            
LRI            

Early 
neonates 

-0.10 0.05 0.34 0.64 -0.02 N/A N/A N/A -0.06 99.91 0.006 

Late 
neonates 

-0.08 0.08 0.40 0.57 N/A N/A N/A N/A -0.04 99.90 0.006 

Post 
neonates 

-0.08 N/A 0.07 0.68 0.00 0.00 0.19 N/A -0.10 99.90 0.006 

1-4 years 0.04 N/A 0.26 N/A 0.08 0.26 0.38 N/A -0.22 99.82 0.011 
Overall -0.08 0.02 0.24 0.62 N/A N/A 0.11 N/A -0.06 99.91 0.005 

URI            
Early 

neonates 
-1.09 -0.17 0.14 0.72 -0.93 0.50 -0.33 -0.47 0.30 99.77 0.016 

Late 
neonates 

-1.08 -0.17 0.16 0.70 -0.93 0.51 -0.33 -0.47 0.30 99.77 0.020 

Post 
neonates 

-0.92 -0.04 0.24 0.27 -0.90 0.74 -0.24 -0.55 0.27 99.71 0.020 

1-4 years -0.47 -0.11 0.34 N/A -1.04 1.00 -0.73 -0.51 0.39 99.49 0.036 
Overall -0.90 -0.09 0.23 0.37 -1.03 0.79 -0.39 -0.56 0.33 99.68 0.022 

ND            
Early 

neonates 
0.41 0.37 -

0.16 
0.32 0.49 -0.32 0.55 0.00 0.11 99.73 0.018 

Late 
neonates 

0.43 0.43 -
0.39 

0.47 0.45 -0.31 0.65 -0.04 0.15 99.73 0.019 

Post 
neonates 

0.18 0.26 -
0.76 

1.21 0.30 -0.51 0.64 -0.04 0.23 99.76 0.016 

1-4 years 0.31 N/A N/A 0.28 0.11 N/A 0.53 N/A N/A 99.69 0.022 
Overall 0.37 0.18 -

1.57 
2.83 -0.61 -1.78 0.01 -1.61 0.60 99.04 0.069 

4. Discussion  

In this study, the trends from the incidence of upper and lower respiratory infections, and 
nutritional deficiency in Chadian female and male under-5 children between the period of 1990 and 
2019 were assessed in this study using Joinpoint regression. Furthermore, the research used the least 
absolute shrinkage and selection operator (LASSO) regression to evaluate the degree of the 
associations between the incidence of those medical conditions in Chadian under-5 female and male 
children with numerous maternal health and environmental factors. 

Between 1990 and 2019, downward patterns could be noticed in the trends representing the 
incidence of lower respiratory infections (LRI) and nutritional deficiency (ND), and steady trends 
were observed in the temporal representation of the upper respiratory infection (URI) incidence in 
different age groups of under-5 Chadian children, as displayed in figures 1 to 3. This unequal 
behavior of the different trends was evaluated using a Joinpoint regression. 

According to Joinpoint regression analysis findings, LRI incidence decreased more in the female 
children aged between 0 and 364 days (early neonates, late neonates, and post neonates). In children 
aged between 1 and 4 years, LRI decreased equally in females and males during the same period, as 
presented in Table 2. The outcome of the regression analysis presented in the same table (table 2) also 
demonstrated that the incidence of URI did not decline in any of the age groups in both genders 
between 1990 and 2019. Oppositely, the incidence of ND declined in all age groups in both females 
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and males. In the two genders, the decline of ND incidence in children aged 0 to 6 days and 1 to 4 
years are alternatively the highest and least in contrast to other age groups. Furthermore, the 
incidence of ND declined mostly in the male gender across all the age groups. The government of 
Chad and different stakeholders designed numerous strategies [30-32]. They employed different 
policies towards ameliorating the health status of under-5 children, the life conditions of the 
population, and the healthcare system as described previously in previous studies [30-32]. Therefore, 
all the declining patterns in different trends and age groups might be associated with the existing 
efforts realized in these few decades. However, the efforts might not impact all conditions, which 
could interpret the steady behavior observed in the patterns of URI incidence in the different age 
group from both genders. Extra efforts and commitments should be established by addressing more 
efficient policies to improve lifestyle and healthcare conditions for Chadian under-5 children in 
consequence. As identified in our study, the different behaviors in the trends of respiratory system 
infections and nutritional deficiency were demonstrated in existing studies [5, 33]. Furthermore, 
many factors, such as socioeconomic and demographic factors, were demonstrated to be associated 
with URI burden in LMICs, as presented in previous research [34,35]. Thus, the steady trends of URI 
incidence in different age groups of Chadian under-5 children might be resulting from poverty, 
lifestyle, occupational and environmental conditions (biomass fuel, tobacco smoking, sulfur, and 
nitrogen dioxide, dust), as well as the pediatric population and specialized pediatricians [7,34,35]. 
Moreover, the lack of sanitation, mercury, inadequate local waste disposal, dirty floors, and access to 
safe water sources was described to have a relationship with nutrition in childhood at varying levels 
[35]. A necessity for an amelioration of environmental and lifestyle factors and a more efficient 
national nutritional program might significantly contribute to considerably decline the burden of 
numerous diseases in under-5 children, as nutrition plays an important role in healthcare [35].  

The degree of the association between the incidence of LRI, URI and ND in Chadian under-5 
children, and maternal health and environmental conditions as risk factors was investigated in this 
study using least absolute shrinkage and selection operator (LASSO) regression. The regression 
estimates demonstrated a strong association of over 90 percent (90%). Beside this strong association, 
the beta coefficients (β) that represent the degree on the impact from each independent variable 
(maternal health and environmental factors) on the incidence of LRI, URI, and ND separately 
demonstrated that the prevalence of tuberculosis (TB) had a positive impact in the association in both 
female and male under-5 children. Furthermore, the impact of the prevalence of HIV/AIDS was 
positive in all female age groups. As for the rest of the maternal health and environmental conditions 
defined as risk factors, they were randomly impacting positively or negatively the incidence of LRI, 
URI and ND in Chadian under-5 children. Previous studies have identified the relationship between 
maternal and under-5 children’s medical conditions [11-14]. For example, a study conducted in 2017 
described the effect of maternal malnutrition and its consequences on child growth in Pakistan [36]. 
Maternal heat and cold exposure, excessive alcohol, hepatitis B (HB), malaria and the burden of 
maternal HIV/AIDS and tuberculosis (TB) on under-5 children had been described as risk factors that 
deteriorate under-5 children health [11-14,36-40]. Thus, negatively impacting the accomplishment of 
the sustainable development goals regarding the health growth and the decline of under-5 mortality 
in the world by 2030. Strong strategies, laws and public health policies should be systematically 
established and rigorously followed by the country’s government and international partners to 
ameliorate maternal health and lifestyle conditions, and healthcare structures and services for a safer 
and healthier development of under-5 infants across the country. 

There were some limitations in the present research. First, the study did not analyze the overall 
under-5 children for both genders together, but it did take into consideration the overall separately 
relative to the two genders. The second limitation is relative to the employment of LASSO regression 
which is an algorithm designed for large-scale data but used in the current study to overcome 
multicollinearity with datasets of 30 points and 9 independent variables. Therefore, future studies 
with a larger number of variables will be conducted to support our findings. 
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5. Conclusion 

The incidence of LRI and ND declined in Chadian under-5 children, although the incidence of 
URI remained steady from 1990 to 2019. The present study also revealed a strong association between 
maternal health and environmental risk factors and the incidence of respiratory infections and 
nutritional deficiency in under-5 children. With such statistics that are not in favor to the 
accomplishment of the sustainable development goals (SDGs) regarding under-5 children’s health 
and life, the Chadian government and international organizations should reinforce and establish 
strategies and policies that should directly aim at improving maternal health, environmental and 
lifestyle. 
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AUD alcohol usage disorders 
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CI confidence interval 
GBD global burden of disease 
GD gynecological diseases 

GHDx global health data exchange 
HB hepatitis B 
HCE heat and cold exposure  
HIV/AIDS human immunodeficiency virus/acquired immunodeficiency syndrome 
IHME institute of health metrics and evaluation 
LASSO least absolute shrinkage and selection operator 
LMIC low- and middle-income countries 
LRI lower respiratory infections 
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N/A not applicable 
ND nutritional deficiency 
SDGs sustainable development goals 
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URI upper respiratory infections 
USA united states of America 
VIF variance inflation factors 
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