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ABSTRACT

Pneumonia remains a major global public health concern and a leading cause of morbidity and mortality
across all age groups, particularly in settings affected by climatic variability and air pollution. Strengthening
empirical evidence to support surveillance and early warning systems is therefore essential.

Objective: To examine the association between meteorological factors (rainfall and temperature) and ambient
air pollutants (PM2.5 and PM10) with pneumonia cases in Phetchabun Province.

Methods: A retrospective observational time-series study. Secondary daily data from 1 January to 30
September 2025 were compiled, including pneumonia cases (ICD-10: J12-J18) from the Bureau of
Epidemiology, Temperature data (minimum, maximum) from Phetchabun Meteorological Station, and air-
quality indicators from the Pollution Control Department. Descriptive statistics and negative binomial
regression were used to assess associations and lag effects.

Results: The average number of pneumonia cases was 12.70 per day. Minimum daily temperature showed a
statistically significant negative association with pneumonia incidence (p = .012), where each 1-degree
Celsius increase corresponded to a 5.1% reduction in daily cases (IRR = 0.949). Lag-structure analysis
indicated that the 3-day lag of minimum temperature (Lag 3) provided the best model fit. PM2.5 showed no
statistically significant association with pneumonia, whereas PM10 exhibited a positive but non-significant
relationship (p = .08).

Conclusions: Lower minimum temperatures were identified as a key risk factor associated with increased
pneumonia incidence in Phetchabun, with the strongest effect observed three days later. These findings offer
important baseline evidence for developing climate-informed surveillance and early-warning systems to

reduce the disease burden in the region.

Keywords: Rainfall, Ambient particulate matter, Pneumonia, Time-Series, Temperature
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Table 1. Descriptive statistics of daily data in Phetchabun Province

Number of  Maximum Minimum
Rainfall PM2.5 PM2.5
Variable patients temperature temperature
(mm) (Hg/me) (Hg/m®)
(cases) (°C) (°C)
Number of days (n) 274 274 274 274 181 181
Mean 12.70 34.60 23.30 3.56 27.40 42.10
Median 10.00 34.20 24.50 0.00 24.90 38.00
Standard deviation (SD) 2.50 3.01 3.43 9.16 17.90 22.30
Variance 156.00 9.08 11.80 83.90 319.00 498.00
Minimum 0.00 23.20 11.60 0.00 3.20 11.00
Maximum 69.00 41.50 28.60 65.20 84.80 110.00
Shapiro-Wilk W 0.87 0.98 0.80 0.45 0.93 0.94
Shapiro-Wilk p-value <.001 0.001 <.001 <.001 <.001 <.001
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Table 2. Spearman’s rank correlation coefficients between daily meteorological factors, air pollutants, and

daily pneumonia cases in Phetchabun Province.

Number of daily pneumonia cases

Meteorological and air pollution factors Spearman’s correlation
Strength of correlation
coefficient (r)

Fine particulate matter (PM2.5) 0.156* Very weak

Particulate matter (PM10) 0.175* Very weak

Minimum temperature -0.184* Very weak

Maximum temperature 0.026 No correlation

Rainfall -0.041 No correlation
*p<.05
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Table 3. Comparison of negative binomial regression models with daily minimum temperature (Tmin) and

PM10 as independent variables.

Model comparison criteria Tmin model PM10 model Remarks

R-squared 0.0184 0.0149 Slightly higher in the Tmin model

AIC (lower is better) 1948.345 1312.259 PM10 model shows better fit

BIC (lower is better) 1961.185 1323.854 PM10 model shows better fit

Deviance (lower is better) 323.9057 213.7124 PM10 model shows better fit

Chi-squared/DF 0.6577 0.6366 No evidence of overdispersion in
either model

p-value of the predictor 0.012 (significant) 0.08 (not significant) Tmin is statistically significant

exp(B) (incidence rate 0.949 1.01 Associations in opposite
ratio, IRR) (decreased cases (increased cases with directions
with higher Tmin) higher PM10)
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Table 4. Negative binomial regression models with daily minimum temperature at lag 1, lag 2, and lag 3 days

as independent variables.

Model comparison criteria lag1 lag2 lag3
R-squared 0.0208 0.0179 0.0207
AIC (lower is better) 1942.58 1935.42 1927.26
BIC (lower is better) 1955.40 1948.23 1940.07
Deviance (lower is better) 323.04 321.76 320.56
Chi-squared/df 0.67 0.65 0.64
p-value of the predictor 0.01 0.02 0.02
exp(B) (incidence rate ratio, IRR) 0.948 0.954 0.951

LYt (Discussions)
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