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ABSTRACT 
Background: Lower respiratory tract infections (LRTI) remain a leading cause of morbidity and mortality in children 

under six years of age, particularly in resource-limited settings. Identifying modifiable risk factors is essential for 

targeted prevention and risk stratification. Methods: This hospital-based observational study enrolled 100 children 

aged 1 month to 6 years admitted with LRTI at a tertiary care referral hospital. Demographic, socioeconomic, 

maternal, nutritional, clinical, laboratory, and environmental variables were recorded. Chi-square and Fisher exact 

tests, correlation analysis, and multivariable logistic regression were performed using SPSS version 25.0; p<0.05 was 

considered statistically significant. Results: The mean age was 20.88±17.93 months and 69% were male. Severe 

pneumonia was the most common diagnosis (38%). Malnutrition was frequent (72% underweight or severely 

underweight) and case fatality rose from 3.57% in normal children to 27.50% in severely underweight children. 

Unimmunized children had the highest mortality (32.56%). Non-survivors had lower hemoglobin (9.50±1.35 g/dL) 

than survivors (11.03±1.41 g/dL). Elevated total leukocyte count and C-reactive protein, need for CPAP or ventilation 

(OR 4.40), ICU admission (OR 4.49), and overcrowding (OR 3.23) predicted poor outcome, whereas exclusive 

breastfeeding was protective (OR 0.23). The logistic model showed excellent discrimination (AUC-ROC 0.924). 

Conclusion: Malnutrition, incomplete immunization, anemia, hypoxemia, and adverse environmental exposures 

strongly influence outcomes in pediatric LRTI. Early identification and correction of these factors, together with 

immunization and breastfeeding promotion, may reduce mortality. 

 

Keywords: Lower respiratory tract infection; children; risk factors; malnutrition; immunization; mortality; odds 

ratio; logistic regression 

 

1. INTRODUCTION 
Acute lower respiratory tract infections (LRTI), 

encompassing bronchiolitis, pneumonia, and severe 

pneumonia, continue to impose a substantial burden of 

disease and death on children younger than six years, 

and the toll is heaviest in low- and middle-income 

countries [1,2,7]. Despite steady gains in immunization 

coverage and nutrition, pneumonia alone remains 

among the leading infectious causes of childhood 

mortality worldwide [1,2], and children admitted to 

referral hospitals frequently arrive with advanced 

disease and multiple overlapping vulnerabilities. 

Beyond the infecting pathogen itself, the outcome of 

an episode of LRTI is shaped by a constellation of 

host, household, and healthcare factors: age, sex, birth 

weight, breastfeeding practices, nutritional status, 

maternal education, socioeconomic position, 

immunization, indoor air pollution, passive smoking, 

and overcrowding [3,4,7]. Understanding which of 
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these factors independently predicts death or residual 

morbidity allows clinicians to triage high-risk children 

and allows public health programs to direct preventive 

interventions where they will yield the greatest benefit. 

A number of prior studies have examined individual 

risk domains, but relatively few have assessed 

demographic, socioeconomic, nutritional, laboratory, 

and environmental determinants simultaneously within 

a single admitted cohort in the North Indian setting 

[39,43]. 

The present study was therefore undertaken to evaluate 

the risk factors for morbidity and mortality in children 

aged 1 month to 6 years presenting with LRTI to a 

tertiary care referral hospital, and to construct a 

multivariable model of poor outcome using routinely 

available clinical and laboratory parameters. 

 

2. MATERIALS AND METHODS 
2.1 Study Design and Setting 

This was a hospital-based observational study 

conducted in the Department of Pediatrics at 

Darbhanga Medical College and Hospital, 

Laheriasarai, Darbhanga, Bihar, India, during the 

academic session 2023–2026. 

 

2.2 Study Population 

One hundred children aged 1 month to 6 years 

admitted with a clinical diagnosis of LRTI 

(bronchiolitis, pneumonia, or severe pneumonia as per 

WHO-based clinical criteria) were enrolled 

consecutively. Children with known chronic lung 

disease, congenital heart disease, immunodeficiency, 

or obvious alternative diagnoses were excluded. 

 

2.3 Data Collection 

A structured proforma recorded demographic details 

(age, sex), socioeconomic and maternal variables 

(maternal education, socioeconomic status, family 

type, overcrowding), birth and feeding history (birth 

weight, prematurity, exclusive breastfeeding and its 

duration), immunization status, environmental 

exposures (indoor air pollution, passive smoking, 

cooking fuel), presenting clinical features, and 

laboratory investigations (hemoglobin, total leukocyte 

count [TLC], C-reactive protein [CRP], oxygen 

saturation). Treatment details (oxygen, antibiotics, 

CPAP or ventilation, ICU admission) and outcomes 

(recovered, discharged with morbidity, death) were 

documented along with the duration of hospital stay. 

 

2.4 Definitions 

Nutritional status was classified as normal, 

underweight, or severely underweight using age-

appropriate weight-for-age criteria. Hypoxemia was 

defined by pulse-oximetric oxygen saturation below 

90%. Poor outcome comprised death or discharge with 

residual morbidity. 

 

2.5 Statistical Analysis 

Data were analyzed with SPSS version 25.0. 

Categorical variables were compared with the chi-

square test or Fisher exact test, and continuous 

variables with t-tests or ANOVA as appropriate. 

Pearson correlation was used to explore associations 

between continuous clinical parameters. Multivariable 

logistic regression identified independent predictors of 

poor outcome, and model discrimination was 

quantified by the area under the receiver operating 

characteristic curve (AUC-ROC). A two-sided p-value 

below 0.05 was considered statistically significant. 

 

 

 

3. RESULTS 
3.1 Demographic Profile 

The cohort comprised 100 children with a mean age of 20.88±17.93 months (median 11.5, range 2–62 months). 

Infants aged 3–12 months formed the largest group (51%), and boys outnumbered girls by 2.23:1. 

 

Table 1: Age distribution of the study cohort (N=100) 

Age group Frequency (n) Percentage (%) 

1–2 months 1 1.0 

3–12 months 51 51.0 

13–24 months 16 16.0 

25–36 months 8 8.0 

37–48 months 12 12.0 

49–72 months 12 12.0 

Total 100 100.0 
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Figure 1: Age distribution of the study cohort 

 

Table 2: Sex distribution (N=100) 

Sex Frequency (n) Percentage (%) 

Male 69 69.0 

Female 31 31.0 

Total 100 100.0 

 

 
Figure 2: Sex distribution of the study cohort 

 

3.2 Socioeconomic, Maternal, and Birth Characteristics 

A substantial proportion of mothers were illiterate (36%) and most families belonged to lower socioeconomic strata 

(44% lower, 36% upper-lower). Only one-third of infants had been exclusively breastfed, and 56% had low birth 

weight [40-42]. 

 

Table 3: Socioeconomic, maternal, and birth characteristics (N=100) 

Variable Category Frequency (n) Percentage (%) 

Maternal education Illiterate 36 36.0 

 Primary 26 26.0 

 Secondary 22 22.0 

 Graduate 16 16.0 

Socioeconomic status Lower 44 44.0 

 Upper-lower 36 36.0 

 Lower-middle 17 17.0 

 Upper-middle 3 3.0 

Exclusive breastfeeding Yes 33 33.0 

 No 67 67.0 

Birth weight Low birth weight 56 56.0 

 Normal 44 44.0 
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Figure 3: Maternal educational status 

 

 
Figure 4: Socioeconomic status distribution 

 

3.3 Clinical and Laboratory Parameters 

At presentation the mean oxygen saturation was 87.51±9.34%, mean hemoglobin 10.88±1.48 g/dL, mean TLC 

13,507.68±5,995.30 cells/µL, and mean CRP 30.31±17.65 mg/L. The mean duration of symptoms before admission 

was 6.16±2.30 days, and the mean hospital stay was 8.08±3.88 days. 

 

Table 4: Clinical and laboratory parameters of the cohort (N=100) 

Parameter Mean ± SD Median Range 

Age (months) 20.88 ± 17.93 11.5 2–62 

Weight (kg) 8.69 ± 3.52 7.6 3.8–18.7 

Breastfeeding duration 

(months) 
3.79 ± 3.90 3.0 0–15 

Duration of symptoms 

(days) 
6.16 ± 2.30 6.5 1–10 

Oxygen saturation (%) 87.51 ± 9.34 88.5 7–100 

Hemoglobin (g/dL) 10.88 ± 1.48 11.1 7.0–13.8 

TLC (cells/µL) 13,507.68 ± 5,995.30 12,807 1,879–29,870 

CRP (mg/L) 30.31 ± 17.65 29.9 3.3–82.6 

Duration of antibiotic 

therapy (days) 
5.41 ± 4.56 7.0 0–14 

Duration of hospital stay 

(days) 
8.08 ± 3.88 8.0 1–16 
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As reported in the source thesis, the minimum oxygen saturation value of 7% appears to be a data-entry artifact. 

 

3.4 Nutritional Status and Case Fatality 

Malnutrition was highly prevalent: 32% were underweight and 40% severely underweight. Case fatality rose steeply 

across nutritional categories, from 3.57% in normal children to 18.75% in underweight and 27.50% in severely 

underweight children (chi-square 6.407, p=0.041). 

 

Table 5: Nutritional status and associated case fatality (N=100) 

Nutritional status n % Case fatality (%) 

Normal 28 28.0 3.57 

Underweight 32 32.0 18.75 

Severely underweight 40 40.0 27.50 

Total 100 100.0  

 

 
Figure 5: Nutritional status of the study cohort 

 

 
Figure 6: Case fatality rate by nutritional status 

 

3.5 Clinical Diagnosis and Outcome 

Severe pneumonia was the most frequent diagnosis (38%), followed by pneumonia (32%) and bronchiolitis (30%). 

Diagnosis was significantly associated with outcome (chi-square 13.787, p=0.008): no deaths occurred among 

children with bronchiolitis, whereas case fatality was highest in severe pneumonia (23.68%) and pneumonia (15.62%). 
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Table 6: Clinical diagnosis distribution and outcome (N=100) 

Clinical diagnosis N Case fatality (%) 

Bronchiolitis 30 0.00 

Pneumonia 32 15.62 

Severe pneumonia 38 23.68 

Total 100  

 

3.6 Age, Nutrition, and Immunization in Relation to Outcome 

The highest mortality proportion (25%) occurred in the 13–24-month age group, but the association between age 

group and outcome did not reach statistical significance (chi-square 8.528, p=0.577). Mortality showed a graded rise 

with worsening nutritional status, although this was not statistically significant (chi-square 7.483, p=0.113). In 

contrast, immunization status was strongly associated with outcome (chi-square 23.12, p<0.001): unimmunized 

children had the highest mortality (32.56%) and the lowest recovery (62.79%), while no death occurred among fully 

immunized children. 

 

Table 7: Age group versus outcome (percentage within age group) 

Age group Death (%) Morbidity (%) Recovered (%) 

1–2 months 0.00 0.00 100.00 

3–12 months 13.73 3.92 82.35 

13–24 months 25.00 12.50 62.50 

25–36 months 0.00 25.00 75.00 

37–48 months 8.33 16.67 75.00 

49–60 months 16.67 8.33 75.00 

Chi-square 8.528, p = 0.577. 

 

 
Figure 7: Outcome by age group 

 

Table 8: Nutritional status versus outcome (percentage within group) 

Nutritional status Death (%) 

Normal 5.26 

Underweight 14.81 

Severely underweight 22.86 

Chi-square 7.483, p = 0.113. 
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Figure 8: Outcome by nutritional status 

 

Table 9: Immunization status by clinical outcome 

Immunization status Recovered (n) Recovered (%) 

Complete 22 81.48 

Partial 28 93.33 

Unimmunized 27 62.79 

Chi-square 23.12, p < 0.001. 

 

3.7 Risk Factors for Poor Outcome 

In bivariate analysis, exclusive breastfeeding was strongly protective (OR 0.23, 95% CI 0.06–0.86, p=0.039), whereas 

overcrowding (OR 3.23, 95% CI 1.15–9.06, p=0.040), need for CPAP or ventilation (OR 4.40, 95% CI 1.64–11.81, 

p=0.005), and ICU admission (OR 4.49, 95% CI 1.23–16.42, p=0.030) were associated with poor outcome [33,36]. 

 

Table 10: Association between risk factors and poor outcome 

Risk factor 
Poor outcome 

(Yes) 

Poor outcome 

(No) 
OR 95% CI p-value 

Prematurity 

history 
14/56 9/44 1.30 0.50–3.35 0.7666 

Exclusive 

breastfeeding 
3/33 20/67 0.23 0.06–0.86 0.0387 

Overcrowding 17/53 6/47 3.23 1.15–9.06 0.0402 

Indoor air 

pollution 
14/48 9/52 1.97 0.76–5.09 0.2420 

Passive 

smoking 
10/47 13/53 0.83 0.33–2.12 0.8827 

Previous LRTI 

history 
12/46 11/54 1.38 0.54–3.51 0.6609 

Co-morbid 

malnutrition 
10/55 13/45 0.55 0.21–1.40 0.3045 

Fever 19/73 4/27 2.02 0.62–6.61 0.3601 

Need for 

CPAP/ventilati

on 

15/38 8/62 4.40 1.64–11.81 0.0048 

ICU admission 20/66 3/34 4.49 1.23–16.42 0.0302 
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Figure 9: Odds ratios for risk factors of poor outcome, log scale 

 

3.8 Laboratory Markers Across Outcomes and Diagnoses 

Mean hemoglobin was significantly lower in children who died (9.50±1.35 g/dL) than in those who recovered 

(11.03±1.41 g/dL; t=3.230, p=0.002). TLC differed significantly across diagnoses (F=19.076, p<0.0001), with severe 

pneumonia showing substantially higher counts than bronchiolitis or pneumonia. 

 

Table 11: Hemoglobin levels by clinical outcome 

Clinical outcome Mean ± SD (g/dL) 

Recovered 11.03 ± 1.41 

Discharged with morbidity 11.80 ± 1.00 

Death 9.50 ± 1.35 

 

Table 12: Total leukocyte count by clinical diagnosis 

Clinical diagnosis N 
Mean ± SD 

(cells/µL) 
Median Range 

Bronchiolitis 30 10,515 ± 2,790 10,164 6,266–16,002 

Pneumonia 32 11,545 ± 5,398 10,831 4,134–29,870 

Severe pneumonia 38 17,523 ± 6,206 16,239 1,879–29,780 

ANOVA F = 19.076, p < 0.0001. 

 

3.9 Correlation and Regression Analysis 

Age correlated strongly and positively with weight (r=0.788, p<0.001). Oxygen saturation correlated negatively with 

TLC (r=-0.403, p<0.001), while CRP correlated positively with TLC (r=0.495) and with hospital stay (r=0.412). In 

multivariable logistic regression, elevated TLC (OR 2.703), elevated CRP (OR 2.614), and increasing age (OR 2.096) 

predicted poor outcome, whereas higher weight (OR 0.229) and higher hemoglobin (OR 0.439) were protective; the 

model achieved an AUC-ROC of 0.924. 

 

Table 13: Correlation matrix of clinical parameters 

Variable 1 Variable 2 r-value p-value Interpretation 

Age (months) Weight (kg) 0.788 <0.001 Strong positive 

Age (months) CRP (mg/L) 0.312 0.0016 Moderate positive 

Weight (kg) Hospital stay (days) 0.323 0.0010 Moderate positive 

Oxygen saturation 

(%) 
TLC -0.403 <0.001 Moderate negative 

TLC CRP (mg/L) 0.495 <0.001 Moderate positive 

CRP (mg/L) Hospital stay (days) 0.412 <0.001 Moderate positive 
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Figure 10: Correlation coefficients between clinical parameters 

 

Table 14: Multivariable logistic regression for poor outcome 

Variable Coefficient 

Age (months) 0.740 

Weight (kg) -1.473 

Oxygen saturation (%) 0.248 

Hemoglobin (g/dL) -0.824 

Total leukocyte count 0.994 

CRP (mg/L) 0.961 

Co-morbid malnutrition -0.767 

Chest indrawing -0.161 

Model discrimination AUC-ROC = 0.924. 

 

 
Figure 11: Odds ratios for predictors of poor outcome from logistic regression, log scale 

 

3.10 Environmental Exposures and Poor Outcome 

Indoor air pollution (29.2% vs 17.3% poor outcome; chi-square 6.474, p=0.039) and passive smoking (28.0% vs 

12.0%; chi-square 4.000, p=0.0455) were significantly associated with poor outcome, while overcrowding showed the 

largest effect size (32.1% vs 12.8%) but narrowly missed significance (chi-square 5.333, p=0.0695). 

 

Table 15: Environmental factors versus poor outcome 

Risk factor 
Exposed, poor 

outcome (%) 

Not exposed, poor 

outcome (%) 
Chi-square p-value 

Indoor air pollution 29.2 17.3 6.474 0.039 

Passive smoking 28.0 12.0 4.000 0.0455 

Overcrowding 32.1 12.8 5.333 0.0695 
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Figure 12: Environmental exposures and poor outcome 

 

4. DISCUSSION 
This hospital-based analysis examined a broad set of 

demographic, socioeconomic, nutritional, clinical, 

laboratory, and environmental determinants of 

outcome in children aged 1 month to 6 years admitted 

with LRTI at a North Indian tertiary referral center. 

Several findings carry direct implications for triage 

and prevention. 

 

4.1 Age and Sex Pattern 

The concentration of cases in the 3–12-month age 

group (51%) and the overall mean age of 20.9 months 

mirror the well-known vulnerability of infants, in 

whom waning maternal antibody, immature adaptive 

immunity, and narrow airways converge [9-11]. The 

male predominance (69%, M:F 2.23:1) is consistent 

with systematic evidence of higher LRTI morbidity 

and mortality in boys across diverse populations [12], 

and supports the inclusion of young age and male sex 

in clinical risk awareness. 

 

4.2 Socioeconomic and Maternal Factors 

The socioeconomic profile of the cohort was striking: 

36% of mothers were illiterate, 80% of families 

belonged to lower or upper-lower strata, only 33% of 

infants were exclusively breastfed, and 56% had low 

birth weight. These figures delineate the social 

gradient within which severe LRTI flourishes. 

Maternal education and household economic position 

shape feeding practices, health-seeking behavior, and 

domestic environment, and prospective cohort 

evidence confirms maternal education as an 

independent determinant of infant LRTI risk [13-15]. 

 

4.3 Nutrition and Outcome 

Malnutrition was the dominant comorbidity: 72% of 

children were underweight or severely underweight, 

and case fatality climbed from 3.57% to 27.50% across 

nutritional grades, in keeping with large pooled 

analyses showing sharply higher pneumonia mortality 

among malnourished children [5,8,18]. Although the 

nutrition-outcome cross-tabulation in this sample did 

not reach statistical significance, the graded direction 

of effect, together with the regression estimate, 

reinforces nutrition as a central modifiable determinant 

rather than a mere association. 

 

4.4 Diagnosis, Immunization, and Severity Markers 

Severe pneumonia accounted for the largest share of 

admissions (38%) and of deaths (case fatality 23.68%), 

whereas bronchiolitis had no fatalities, a severity 

gradient consistent with intensive-care series [19-21]. 

Immunization status showed the strongest categorical 

association with outcome (p<0.001): no fully 

immunized child died, while unimmunized children 

carried a mortality of 32.56%. Laboratory markers 

tracked severity in a biologically coherent manner: 

hemoglobin was lower in non-survivors [22,23], TLC 

was highest in severe pneumonia, and hypoxemia 

correlated with leukocytosis, supporting the routine 

use of pulse oximetry and simple blood indices for 

severity stratification in resource-limited settings [24-

26,34-36]. 

 

4.5 Predictive Model 

The multivariable model combining routinely available 

variables (age, weight, oxygen saturation, hemoglobin, 

TLC, CRP) discriminated strongly between favorable 

and poor outcomes (AUC-ROC 0.924). Independent 

predictors of poor outcome were elevated TLC and 

CRP and increasing age, while higher weight and 

hemoglobin were protective. Exclusive breastfeeding 

reduced the odds of poor outcome by about 77% (OR 

0.23), echoing case-control evidence that sustained 

exclusive breastfeeding lowers both the incidence and 

the severity of pneumonia in infancy [6,16,17,32]. 

 

4.6 Environmental Exposures 

Indoor air pollution and passive smoking were each 

significantly associated with poor outcome, and 

overcrowding, despite narrowly missing significance 

in the percentage comparison, carried one of the 

largest adjusted effect sizes (OR 3.23). Domestic 

biomass combustion and crowded, poorly ventilated 

housing are well-documented drivers of childhood 

respiratory disease in South Asia [27-31], and the 
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present findings reinforce that environmental 

remediation belongs alongside medical care in any 

serious LRTI-control strategy. 

 

4.7 Strengths and Limitations 

Strengths include the simultaneous evaluation of 

demographic, socioeconomic, nutritional, laboratory, 

and environmental domains; the use of complementary 

analytic methods (chi-square tests, correlation, and 

multivariable logistic regression); and the strong 

discrimination of the final model. Limitations include 

the single-center design, modest sample size, reliance 

on reported household exposures rather than direct 

measurement, limited granularity in vaccination and 

nutritional assessment, hospital-based (retrospective, 

record-dependent) data collection, and the absence of 

post-discharge follow-up, which precludes assessment 

of recurrent infection and long-term sequelae. 

 

5. CONCLUSION 
Among children aged 1 month to 6 years admitted with 

LRTI, adverse outcomes clustered in those who were 

malnourished, unimmunized, anemic, hypoxemic, of 

low birth weight, and exposed to indoor air pollution, 

passive smoking, and overcrowding, while exclusive 

breastfeeding conferred substantial protection. Severe 

pneumonia carried the highest case fatality [37,38]. A 

logistic model built on routinely available clinical and 

laboratory parameters identified elevated TLC and 

CRP, increasing age, lower weight, and lower 

hemoglobin as independent predictors of poor 

outcome, with excellent discrimination (AUC-ROC 

0.924). Early risk stratification using these simple 

parameters, together with intensified immunization, 

breastfeeding promotion, nutritional rehabilitation, 

anemia correction, and reduction of indoor 

environmental exposures, offers a practical pathway to 

reducing LRTI morbidity and mortality in similar 

settings. 
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