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Risk factors of pneumonia among elderly with robust Poisson regression - A study on mimic
111 data
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ABSTRACT

Introduction and Aim: Pneumonia is a common and serious illness among the elderly. Early identification of the
risk factors for pneumonia is essential for improving the survival outcomes among elderly. The present study aimed
to identify an optimal regression approach to determine the risk factors for pneumonia among elderly patients.

Materials and Methods: The present study utilized data from the Medical Information Mart for Intensive Care
(MIMIC I11) to evaluate the use of alternative generalized linear models to identify the risk factors for pneumonia.
The regression model with the smallest AIC, BIC and SE was considered as the appropriate regression model for
the data. Robust Poisson model was considered the best fit for the current data as it had the lowest AIC, BIC and
standard error compared to other regression models.

Results: Variables such as BMI, renal failure, hypertension, diabetes and asthma were identified as the significant
risk factors for pneumonia. The risk of pneumonia was found to be significantly higher in the underweight category
of BMI [RRag=1.70; 95% CI=1.38, 2.08]; diabetic patients [RRaq =1.29; 95% CI=1.03, 1.61); asthmatic patients
[RRagj =1.35; 95% CI=1.15, 1.58] and patients with renal failure [RRag =1.16; 95% Cl= 1.05, 1.29].

Conclusion: Among various binary regression models, Poisson regression with robust variance (sandwich Poisson
regression) provided unbiased estimates of the relationship. In the present study, variables such as BMI, renal
failure, diabetics, hypertension and asthma were identified as the significant risk factors for pneumonia in the
elderly using robust Poisson regression.

Keywords: Regression models; robust Poisson regression; negative binomial; elderly; pneumonia; risk factors;
MIMIC I1I.

INTRODUCTION very important in any field of research for the proper
neumonia is an inflammation and infection of identification of the risk_factors for events _of interest.
the lung tissue caused by infectious Several_types of general_lzed Imegr regression models
agents such as bacteria, viruses, or fungi (1). are available for modelling the binary event in cohort

studies such as Poisson, log binomial, robust
(sandwich) Poisson and negative binomial regression
models (9). The present study aimed to identify an
optimal regression approach to determine the risk
factors for pneumonia among elderly patients in the
intensive care unit.

Community-acquired pneumonia (CAP) has a global
incidence of 1.5 to 14 cases per 1000 person-years (2).
This condition is highly common among persons at
the extremes of age due to their weakness and
vulnerability. A US-based retrospective study reported
that CAP had higher hospitalization rates and total
expenditures than stroke, myocardial infarction, and MATERIALS AND METHODS
osteoporotic fractures in the elderly population (3).

Elderly patients with pneumonia who require hospital Data source

care are more apparent and are more likely to develop The current study utilized data from MIMIC 111 to
complications that require longer hospital stays (4). evaluate the use of alternative generalized linear
Studies have reported that different factors such as models for the analysis of binary outcome i.e.
gender, age, diabetes, hypertension, body mass index, pneumonia status and compared the results of these
dementia, history of heart failure, history of stroke, selected models to identify the most suitable model for
chronic respiratory disease, and chronic liver disease this data (10). The MIMIC 111 database consists of de-
are associated with hospitalization for _pneumonia identified clinical data of 49785 patients, among
among the elderly (5-8). The selection of an which a total of 5214 patients aged greater than 65
appropriate regression technique to model the data is years and BMI between 15 and 50 years were included
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in the current study. Other variables included in the
study were gender, heart disease, renal failure,
hypertension, diabetes, asthma, dementia and
ethnicity. Data extraction was carried out using
Python version 3.7.6.

Statistical analyses

All categorical variables like Pneumonia, BMI,
Gender, heart failure etc., were summarized as
frequency and percentage. Different regression models
including log binomial, Poisson, robust (sandwich)
Poisson and negative binomial regressions were fitted
to the data. To identify the best suited regression
model for the current data, AIC and BIC (Akaike's and
Bayesian Information Criteria) and the Standard error
(SE) of the regression coefficients were estimated
separately for all regression models. The regression
model with the smallest AIC, BIC and SE was
considered as the appropriate regression model for the
data. The simple (univariate) and multiple regressions
were fitted to ascertain the risk factors associated with
pneumonia based on the identified best suitable
regression model. p<0.05 was considered as

Table 1:

statistically significant. The regression analyses were
carried out using the glm package in R version
4.0.2./SPSS.

RESULTS

A total of 5214 ICU admitted patients from the
MIMIC registry were considered for the present study.
The prevalence of pneumonia was 24.1% (1255 out of
5214). The most common chronic condition in the
study population was hypertension (55.8%) followed
by renal failure (26.5%), diabetes (3.5%), asthma
(7.2%), dementia (2.4%) and heart disease (0.3%).
More details about these variables are provided in
Table 1.

Regression model identification for the data

Table 2 provides the AIC, BIC and SE estimates of the
regression coefficients obtained from different
regression models. Due to failure in convergence and
a large number of categorical independent variables,
the log binomial model failed to estimate the
coefficients for the current data and hence it was not
included in the comparison.

Baseline characteristics of the elderly subjects included in the study (n=5214)

Variables Frequency (n) | Percentage (%0)
. Absent 3959 75.9
Pneumonia 75 o cent 1255 24.1
Gender Female 2226 42.7
Male 2988 57.3
Normal 1542 29.6
BMI Underweight 140 2.7
Overweight 1912 36.7
Obesity 1620 31.1
Youngest-old 2502 48.0
Age Middle-old 2147 41.2
Oldest-old 565 10.8
di Absent 5197 99.7
Heart disease Present 17 03
Renal failure Absent 3831 73.5
Present 1383 26.5
Hypertension Absent 2305 44.2
Present 2909 55.8
Diabetes Absent 5030 96.5
Present 184 3.5
Absent 4837 92.8
Asthma Present 377 7.2
Dementia Absent 5089 97.6
Present 125 2.4
Asian 101 1.9
African 357 6.8

Ethnicity Am_erlcan

Latino 120 2.3
White 4172 80.0
Other/unknown 464 8.9
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Table 2: Standard error (SE) of the regression coefficients for the regression models

Standard error of regression coefficients
Variables Standard Robust Poisson | Negative binomial
Poisson model model model
Gender Femalet . . .
Male 0.0582 0.0503 0.0651
BMI Normal § . . .
Underweight 0.1377 0.1047 0.1643
Overweight 0.0711 0.0615 0.0793
Obesity 0.0740 0.0638 0.0830
Age youngest-old . . .
middle-old 0.0608 0.0525 0.0681
oldest-old 0.0977 0.0853 0.1091
Heart disease | Absent T . . .
Present 0.4529 0.3439 0.5212
Renal failure | Absent t . . .
Present 0.0623 0.0532 0.0702
Hypertension | Absent T . . .
Present 0.0572 0.0496 0.0639
Diabetes Absent ) . .
Present 0.1359 0.1133 0.1565
Asthma Absent ) . .
Present 0.0972 0.0812 0.1117
Dementia Absent T . . .
Present 0.1729 0.1526 0.1966
Ethnicity Asian
African 0.2071 0.1711 0.2375
American
Latino 0.2555 0.2137 0.2909
White 0.1868 0.1545 0.2137
Other/unknown 0.2081 0.1740 0.2368
AlC 6054 6054 6347
BIC 6165 6165 6459

Note. 1 - Reference category, AIC: Akaike information criterion; BIC: Bayesian Information Criteria

AIC and BIC were found to be lesser for the Poisson
regression and robust Poisson regression models
compared to the negative binomial regression model.
The robust Poisson regression model had the least SE
compared to other regression models for all the
regression coefficients. Based on the aforementioned
criterion, robust Poisson model was considered the
best fit for the current data.

Risk factors of pneumonia based on robust Poisson
regression

To identify the risk factors for pneumonia in the
MIMIC Il data, both univariate and multiple robust
Poisson regressions were used. Adjusted relative risk
(RRag)) with 95% confidence intervals for the
covariates was estimated based on robust Poisson
regression using predictors such as BMI, age, gender,
diabetes, heart disease, renal failure, hypertension,
asthma, dementia and ethnicity (Table 3).

The multiple robust Poisson regression revealed that
variables such as BMI, renal failure, hypertension,
diabetes and asthma were significant risk factors of
pneumonia. It is observed that compared to the normal
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category of BMI, the underweight category had 1.70
times more risk [RRag=1.70; 95% CI=1.38, 2.08) of
having pneumonia and this was found to be
statistically ~significant (p=0.006). The risk of
pneumonia was found to be less for the overweight
category [RRag =0.88; 95% CI=0.78, 0.99]. It was
observed that patients with hypertension had lesser
risk for pneumonia than those without hypertension
[RRagj =0.84; 95% Cl= 0.76, 0.92]. Diabetic patients
were shown to have a considerably greater risk of
pneumonia [RRa. =1.29; 95% CI=1.03, 1.61);
asthmatic patients [RRagj =1.35; 95% Cl=1.15, 1.58]
and patients with renal failure [RRag =1.16; 95% Cl=
1.05, 1.29]. Around 83 % [4331 out of 5213] of the
study population and 82% [1030 out of 1255] of the
pneumonia patients had any one or more than one of
these risk factors. It was also revealed that pneumonia
was not significantly associated with variables such as
gender, age categories such as youngest old (65 to 74
years), middle old (75 to 84 years) and oldest old (
>85 years), heart disease, dementia and ethnicity
(Table 3).
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Table 3: Risk factors of pneumonia based on robust (sandwich) Poisson regression

Univariate robust Poisson | Multiple robust  Poisson
regression regression
Variables Unadjusted RR p value | Adjusted RR p value
(95% CI) (95% CI)
Gender Female} 1 1
Male 0.94 (0.85, 1.03) 0.18 0.98(0.89,1.08) | 0.63
BMI Normal 1 1
Underweight 1.77 (1.44, 2.17) <0.001* | 1.70(1.38,2.08) | <0.001*
Overweight 0.88 (0.78, 1.00) 0.04* 0.88(0.78,0.99) | 0.03*
Obesity 0.95 (0.84, 1.07) 0.41 0.93(0.82,1.05) | 0.23
Age youngest-old 1 1
middle-old 1.06 (0.96, 1.18) 0.23 1.08(0.97,1.19) | 0.17
oldest-old 1.01 (0.86, 1.19) 0.88 1.01(0.85,1.19) | 0.92
Heart disease Absent 1 1
Present 1.22 (0.59, 2.56) 0.59 1.19(0.61,2.34) | 0.61
Renal failure Absent 1 1 .
Present 1.19(1.07, 1.32) <0.001* | 1.16(1.05,1.29) | 0.01*
Hypertension Absent 1 1
Present 0.81 (0.73, 0.89) <0.001* | 0.84(0.76,0.92) | <0.001*
Diabetes Absent 1 1
Present 1.35(1.09, 1.67) <0.001* | 1.29(1.03,1.61) | 0.03*
Asthma Absent 1 1
Present 1.36 (1.16, 1.59) <0.001* | 1.35(1.15,1.58) | <0.001*
Dementia Absent 1 1
Present 1.17 (0.88, 1.55) 0.29 1.04(0.77,1.41) | 0.79
Ethnicity Asian t 1 1
African 1.08 (0.77, 1.51) 0.67 1.10(0.79,1.54) | 0.58
American
Latino 0.90 (0.59, 1.37) 0.62 0.90(0.60,1.37) | 0.64
White 0.97 (0.58, 1.07) 0.12 0.84(0.62,1.14) | 0.25
Other/unknown 0.77 (0.55, 1.08) 0.13 0.84(0.60,1.19) | 0.33

Note. 1: Reference category; *: Significant (p<0.05), RR: Relative Risk, Cl: Confidence Interval

DISCUSSION

This study compared the performance of various
binary regression models such as Poisson regression,
log binomial regression, robust Poisson regression and
negative binomial regression in estimating the relative
risk in cohort studies using MIMIC 111 dataset. Robust
Poisson and negative binomial regression models can
be considered as a generalization of Poisson
regression with an additional parameter to model the
over-dispersion. The log binomial model failed to
estimate the coefficients for the present data due to
failure in convergence. The log-binomial regression
usually fails to converge due to restricted range of the
parameter space and when there are too many
categories and continuous independent variables, or
the incidence rate is high (11). Based on AIC and BIC,
the robust Poisson model was considered as the best
suited model for the MIMIC Il data to identify risk
factors of pneumonia. Occasionally, the standard
Poisson regression model overestimates the standard
errors of relative risk which results in a wider
confidence interval. In such situations, the
overestimation of standard error can be corrected
using Poisson regression with robust covariance
estimation (12).

DOI: https://doi.org/10.51248/.v43i02.2250

699

The confidence intervals for the Poisson regression
model are likely to be wider than those for the robust
Poisson/negative  binomial  regression if  the
conditional distribution of the outcome variable is
over-dispersed. Compared to the log-binomial method,
the robust Poisson method provides less biased
estimates of the prevalence ratios for a moderate
sample size and very high prevalence. However, if
there is no convergence problem, for a moderate
sample size and moderate prevalence, the log-
binomial method provides little less biased estimates
than the robust Poisson method (13). Comparison of
various binary regression models using simulated data
revealed that Poisson regression with a robust variance
estimator provides unbiased estimates of the
relationship (13).

Based on the results from robust Poisson regression,
we found that the occurrence of pneumonia among the
elderly was more likely in the middle-old (75 to 84
years) age group and this occurrence was higher
among the underweight. However, a study by Tongo
et al., reported that BMI did not show any association
with pneumonia but patients who had a risk for
malnutrition had 6 times more odds of developing
intermediate risk pneumonia (14). Similar finding was
reported in a meta-analysis in which a U shaped
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association was observed between risk of influenza-

related pneumonia and BMI (15). A 5-year
prospective  follow-up  study  reported  that
cardiovascular disease increased the risk of

pneumonia by 2.63-fold and a 98% higher chance of
mortality compared to those who didn’t have these
conditions (16). We found similar effects of heart
disease and renal failure based on the MIMIC data in
our study. Several studies have identified chronic
diseases such as dementia, diabetes and asthma to
have a greater risk of contracting or dying from
pneumonia (17-19). These factors were also
significantly associated with pneumonia in the present
study. A few previous studies also reported that
African Americans had a greater incidence of
pneumonia than other ethnic groups (20-22).

CONCLUSION

In the present study, variables such as BMI, renal
failure, hypertension, diabetes and asthma were found
to be significant risk factors of pneumonia in the
elderly using Sandwich Poisson regression. Among
the various binary regression models, Poisson
regression with robust variance (Sandwich Poisson
regression) gives unbiased estimates of the
relationship.
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