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Abstract

Aims: The study examined the correlation between Community-Acquired Pneumonia (CAP) burden in hospitalized
geriatric patients and their history of admission frequency, revealing a correlation between previous admissions and
CAP burden in newly admitted patients.

Methods: This study analyzed geriatric patients aged 65 and above admitted to King Hussein Medical Centre in Amman,
Jordan. The patients were divided into two age groups and assessed for prognostic factors such as frequency of prior
admissions, CURB-65 assessment score, comorbidity burden, and composite outcomes of interest (cOI). The study found
that positive cOl was associated with adverse outcomes such as high admission rates, transfers to critical care units,
oxygen desaturation, and mortality. Patients were divided into two groups based on Community-Acquired Pneumonia
(CAP) diagnosis, with improved cOl indicating the absence of adverse outcomes. The study conducted multiple linear
regression analysis to investigate the relationship between past admission frequencies and CAP severity. The results
showed significant correlations between factors such as age, gender, and comorbidity burden.

Results: This retrospective observational study evaluated 641 geriatric patients who were medically admitted for
community-acquired pneumonia (CAP). The results showed that approximately 52.73% (338 patients) experienced a
negative diagnosis of CAP, while 47.27% (303 patients) experienced a positive diagnosis. The study found a statistically
significant difference in the tested gender between the dichotomised outcome groups (Groups I-1I). The odds ratio for
a positive CAP in elderly geriatric patients admitted for medical reasons was found to be 3.441. The CAP positivity group
had a distribution rate for poorer outcomes of approximately 74.9% (227 patients) compared to 29.0% (98 patients) in
the CAP negativity group. The study also found a statistically significant association between comorbidity burden and
frailty among geriatric patients. The highest distribution rates were observed in geriatric patients with a CURB-65 score
of 3, followed by those with a score of 4, with frequencies of 171 (56.4%) and 124 (40.9%), respectively. The study
performed a multiple linear regression analysis, focusing on the assessment of CURB-65 scores in geriatric patients
diagnosed with community-acquired pneumonia who were medically admitted. The constructed regression model
accounted for approximately 86.4% of the variability in the target variable, as explained by the four independent
variables tested.

Conclusion: The study found a significant correlation between geriatric patients' prior admission history and the
diagnosis of community-acquired pneumonia, indicating an increased severity of CAP with a higher frequency of past

admission days.
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1. Introduction

Community Acquired Pneumonia (CAP) is a significant public health issue in the community, defined as an acute
infection of parenchymal lung structure that is generally associated with respiratory symptoms and an infiltrated area
on the chest roentgenogram [1-2]. It includes pneumonia diagnosed upon presentation to the ED or within a short
timeframe post hospitalization [3]. The global incidence rate of CAP depends on the patient population and varies from
5-11 per 1000 inhabitants to 23-40 per 1000 depending on age categorization [4]. In those over 85 years old, the
incidence rates increase up to 500 per 1000. From 50% to 70% of patients with moderate to severe CAP have one or
several underlying diseases [5].

CAP ranks sixth globally in terms of incidence rates but has the highest non-injury-related hospitalization rate [6].
Medically admitted patients with CAP have a secondary hospitalization rate of around 15%, which is of great relevance
for public health because secondary discharges have major health care implications [7]. It requires improved handover
to general practice, less uncertainty for patients and their carers about evidence-based diagnosis and evidence-based
treatment, and major improvements in time-related quality of care [8].

The burden of CAP is often underestimated, as most cases are managed in the community and at residential care homes
without medical assistance and hence are not recorded officially [9]. Studies within the last 25 years have shown that
up to one-third of all the acutely ill medically admitted patients have had one or more admissions in the previous two
years, and approximately 90% of the deaths occurring in these patients can be predicted on the basis of their age,
comorbidity, and other physiological parameters at the time of the first admission [10]. Furthermore, those who had
been admitted less than three months before the given admission, one or more patients in three dies [11]. Patients with
CAP generally present with a several days history of cough, sputum production, pleuritic chest pain, difficulty breathing,
and systemic symptoms such as fever, anorexia, headache, myalgia, and lethargy [12]. Examination can reveal crackles
in the chest, a high respiratory rate with breathing through pursed lips, and the use of accessory muscles for breathing
with a sat-up posture [13].

However, not all patients with CAP can present with cough, sputum, fever, or chest complaints [14]. Some may have
signs and symptoms that do not seem to emanate from the lungs [15]. Diagnosis of CAP is based on a good history,
physical examination, and a chest X-ray, with accurate interpretation of the results being essential for the timely
commencement of therapy [16]. Timely onset of effective therapy can shorten the time of convalescence, reduce the
need for hospitalization, and prevent mortality, especially in the very ill, very old, or those with associated diseases [17].
Clinicians then use clinical judgment in the interpretation of diagnostic tests and tailor therapy to the individual patient
constellation of clinical findings [18].

This study primarily aimed to investigate the associations between the burden of Community-Acquired Pneumonia
(CAP) in hospitalised geriatric medical patients, as indicated by CURB-65 scoring, and the patients' history of admission
frequency, positing a correlation between previous admissions and the CAP burden in newly admitted geriatric patients.

2. Methods and Materials

This study is a retrospective observational study conducted on patients who were admitted to our institution, King
Hussein Medical Centre at the Royal Medical Services, Amman, Jordan, between the years 2023 and May 2024.This study
was initially approved by the Jordanian Royal Medical Services (JRMS) Institutional Review Board (IRB) at 15 October
2024 under the registration number of 17_15/2024. This approved study was officially permitted for publication after
reviewing by our institutional directorate of professional training and planning at 4 November 2024. This study was
thoroughly followed the declarations of Helsinki rules.

This study exclusively included geriatric patients (=65 years) admitted to the medical departments of King Hussein
Medical Centre at the Royal Medical Services in Amman, Jordan, comprising both females and males. The eligibility
criteria for including tested patients required admission periods of at least two days and the availability of a minimum
of two biochemical laboratories for analysis. This study primarily gathered patients' demographic and prognostic data.
The assessed patients' demographic variables highlighted both age and gender among the elderly population.

The patients were classified into two age groups: those over 75 years and those between 65 and 75 years. The examined
prognostic factors primarily encompassed the frequency of prior admissions, the CURB-65 assessment score, the
comorbidity burden evaluated via the age-adjusted Charlson comorbidity index (AACCI), the frailty level as ascertained
by the clinical frailty scale (CFS), and the occurrence of adverse outcomes of interest, specifically defined as composite
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outcomes of interest (cOl). Significantly, the positivity of cOl was associated with several adverse outcomes, including
an unexpectedly high admission rate, transfers to critical care units, oxygen desaturation in room air, and mortality.

Patients eligible for this study were primarily divided into two major comparative groups based on the diagnosis of
Community-Acquired Pneumonia (CAP) after admission, assessed using the CURB-65 scoring system. Group I consisted
of admitted geriatric patients without evidence of CAP diagnosis, while Group II included admitted geriatric patients
with a confirmed CAP diagnosis. All variables of the previously mentioned geriatric patients were examined for
variations across the CAP-related groups (Group I-II). The patients' cOI variables were dichotomised into superior or
inferior cOl.

The improved cOI highlighted the absence of evidence for the occurrence of the specified adverse outcomes, while
positivity required the occurrence of at least one. The frequencies of past admissions for patients in this study were
classified from 0 to a maximum of nine in the geriatric patients evaluated. The assessment scoring for CAP severity in
this study was classified from 1 to a maximum score of 5. Both prognostic scoring systems, the AACCI and CFS, were
dichotomised into lower and higher categories based on the predefined thresholds of 7 and 5, respectively.

We conducted multiple linear regression analysis on four independent variables to investigate the relationship between
the past admission frequencies of the studied patients and other potential confounders, including age, gender, and
comorbidity burden, in relation to the severity of CAP as indicated by CURB-65 scoring. As a result, we obtained the
regression coefficients, along with their adjusted standard errors and confidence intervals. Additionally, we evaluated
the correlation strength, the variance of the dependent variable elucidated by the four specified independent variables,
and the significance of the model's goodness of fit in the multiple linear regression analysis. This research utilised
Microsoft Excel version 20 and IBM SPSS Statistics version 25 for the collection, filtration, revision, and analysis of
patient data.

3. Results

This retrospective observational study evaluated 641 geriatric patients who were medically admitted, revealing that
approximately 52.73% (338 patients) experienced a negative diagnosis of CAP, while approximately 47.27% (303
patients) experienced a positive diagnosis of CAP.

The study included 318 female and 323 male geriatric patients (49.6% and 50.4%, respectively). In this study, we found
a statistically significant difference in the tested gender between the dichotomised outcome groups (Groups I-II) [p-
value=0.000]. This study found that admitted geriatric males had an odd ratio for receiving a positive CAP diagnosis of
14.629 (95% CI; 9.962-21.482) compared to females. The positivity CAP distribution rate for tested males was 246
(81.2%), compared to 57 (18.8%) for tested geriatric females.

In this study, we demonstrated statistical significance between age dichotomised categories: older geriatric patients
aged =75 years and younger geriatric patients aged 65-74 years. The odds ratio for a positive CAP in elderly geriatric
patients admitted for medical reasons compared to younger counterparts was found to be 3.441 (95% CI: 2.474-4.786).
This study included approximately 56.2% (360 patients) aged 75 years or older and approximately 43.8% (281
patients) aged less than 75 years. In fact, the positive CAP group (Group II) included approximately 71.6% (217 patients)
of elderly geriatric patients, compared to 28.4% (86 patients) of younger geriatric patients.

This study found a statistically significant difference between CAP-based comparison groups (CAP negativity group or
Group I versus CAP positivity group or Group II), with an estimated propensity for lower cOI of 7.315 (95% CI; 5.153-
10.383) in the CAP positivity group compared to the CAP negativity group. Nonetheless, the CAP positivity group had a
distribution rate for poorer outcomes of approximately 74.9% (227 patients) as opposed to approximately 29.0% (98
patients) in the CAP negativity group.

After analysing the differences in past admission frequencies among the tested geriatric patients, we discovered a
statistically significant difference between the CAP negativity and CAP positivity groups. The highest distribution rates
for geriatric patients in our study were recorded for three previous admissions, followed by four, with 104 (16.2%) and
99 (15.4%), respectively. Nonetheless, the CAP negativity cohort had the highest distribution rates among geriatric
patients, with three prior admissions, followed by two, at 93 (27.5%) and 86 (25.4%), respectively. Conversely, the CAP
positivity group had the highest distribution rates among geriatric patients, with prior admission frequencies of seven
and six times, recorded at 91 (30.0%) and 77 (25.4%), respectively.
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Upon evaluating the geriatric patients, we observed a statistically significant association between comorbidity burden,
as indicated by the AACCI with a threshold of 7, and frailty, as measured by the CFS with a threshold of 5. This study
indicated an unadjusted propensity estimate for CAP positivity upon admission in geriatric medical departments of
82.265 (95% CI; 33.118-204.342) for patients with an AACCI score of 27, compared to those with a baseline AACCI score
of <7. This study revealed an unadjusted propensity for experiencing CAP positivity among geriatric patients upon
admission, quantified at 316.642 (95% CI; 43.948-2281.367), when their assessed CFS score surpassed the threshold
of 5. In this study, the CAP positivity group exhibited distribution rates of 298 (98.3%) and 302 (99.7%), in contrast to
the CAP negativity group, which had distribution rates of 142 (42.0%) and 165 (48.8%) among geriatric admission
patients with AACCI and CFS scores of 27 and =5, respectively.

Nonetheless. This study assessed the CURB-65 score in geriatric patients upon admission for community-acquired
pneumonia (CAP), revealing statistically significant distribution rates. The highest distribution rate was observed in
geriatric patients with a CURB-65 score of 3, followed by those with a score of 4, with frequencies of 171 (56.4%) and
124 (40.9%), respectively. The geriatric patients admitted, whose clinical diagnosis did not indicate a CAP diagnosis,
exhibited an assessed CURB-65 score ranging from 1 to 2 in this study. The results of the comparative analyses of
geriatric patients across the dichotomised groups of admitted patients with CAP are fully detailed in Table 1 below.

Table 1 Patients’ comparative tested variables across CAP negativity group (Group I) and CAP positivity group (Group

1)

Negative CAP Positive CAP Overall oD P-Value
(338,52.73%) | (303,47.27%) | g41
Gender
F 261 (77.2%) 57 (18.8%) 318 (49.6%) | 14.629 0.000
M 77 (22.8%) 246 (81.2%) 323 (50.4%) | (95% Cl;9.962-21.482)
Age (Years)
<75 195 (57.7%) 86 (28.4%) 281 (43.8%) | 3.441 0.000
>75 143 (42.3%) 217 (71.6%) 360 (56.2%) | (95% CI; 2.474-4.786)
cOl
Better 240 (71.0%) 76 (25.1%) 316 (49.3%) | 7.315 0.000
Poorer 98 (29.0%) 227 (74.9%) 325 (50.7%) | (95% Cl; 5.153-10.383)
Past Admission x
0 8 (2.4%) 0 (0.0%) 8 (1.2%) NA 0.000
1 31 (9.2%) 0 (0.0%) 31 (4.8%)
2 86 (25.4%) 0 (0.0%) 86 (13.4%)
3 93 (27.5%) 11 (3.6%) 104 (16.2%)
4 52 (15.4%) 47 (15.5%) 99 (15.4%)
5 54 (16.0%) 34 (11.2%) 88 (13.7%)
6 14 (4.1%) 77 (25.4%) 91 (14.2%)
7 0 (0.0%) 91 (30.0%) 91 (14.2%)
8 0 (0.0%) 35 (11.6%) 35 (5.5%)
9 0 (0.0%) 8 (2.6%) 8 (1.2%)
CURB_65
1 43 (12.7%) 0 (0.0%) 43 (6.7%) NA 0.000
2 295 (87.3%) 0 (0.0%) 295 (46.0%)
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3 0 (0.0%) 171 (56.4%) 171 (26.7%)

4 0 (0.0%) 124 (40.9%) 124 (19.3%)

5 0 (0.0%) 8 (2.6%) 8 (1.2%)

AACCI

<7 196 (58.0%) 5 (1.7%) 201 (31.4%) | 82.265 0.000
>7 142 (42.0%) 298 (98.3%) 440 (68.6%) %ﬁu) C;  33.118-
CFS

<5 173 (51.2%) 1(0.3%) 174 (27.1%) | 316.642 0.000
>5 165 (48.8%) 302 (99.7%) 467 (72.9%) 292%"{0.367)Cli 43.948-

A chi-square test was performed to analyse the variability in the distribution rates of various tested variables among
two groups: patients with negative evidence of CAP (Group I) and patients with a positive diagnosis of CAP (Group
I1). cOl in this study indicated a higher admission rate than anticipated, transfers to critical units, oxygen desaturation
in room air, and mortality.

CAP: Community acquired pneumonia. AACCI: Age adjusted charlson comorbidity index.
CFS” Clinical frailty score.

cOI: Composited outcomes of interest.

CURB®65: Score for CAP encounters confusion, blood urea
nitrogen respiratory rate, blood pressure, and age=65

years. F & M: Genders, females and males.

This study performed a multiple linear regression analysis, focusing on the assessment of CURB-65 scores in geriatric
patients diagnosed with community-acquired pneumonia who were medically admitted. This study primarily utilised
patients' past admission frequencies as the main independent variable, while additionally considering potential
confounders such as the ages, genders, and comorbidity burdens of geriatric patients, as indicated by the AACCI. Our
study demonstrated statistical significance for all four independent variables in estimating the CURB-65 scores of
admitted geriatric patients with community-acquired pneumonia (CAP), yielding a correlation (R) of 0.930 among age,
gender, past admission frequency, and comorbidity burden in relation to the assessed CURB-65 scores. The constructed
regression model accounted for approximately 86.4% of the variability (R2) in the target variable, as explained by the
four independent variables tested. The adjusted goodness of fit was maintained at a high level of 0.864 with the four
independent variables tested. The ANOVA table indicated a statistically significant result for the constructed regression
model [F (4,115.047) = 1013.428, p-value = 0.000] compared to merely predicting the mean of the dependent variable.
Our study demonstrated a regression coefficient of 0.349+0.014 (95% CI; 0.322-0.375) for each prior admission in
relation to CURB-65 incremental scoring. The chi-square analysis previously indicated a positive statistically significant
regression correlation of 0.008+0.003 (95% CI; 0.002-0.014) for each year concerning the incremental CURB-65 scores
of tested patients in this multiple linear regression analysis. The multiple linear regression analysis for the four
independent variables concerning the patients' CUIRB65 scores is presented in Table 2 below.

Table 2 Multiple linear regression analysis for the four examined independent variables in relation to the patients’
CUIRB65 score

Model Unstandardized Standardized t Sig. 95.% CI

Coefficients Coefficients B

B+SE Beta LL UL
(Constant) 0.852+0.188 4.541 0.000 0.484 1.221
Past Amission # | 0.349+0.014 0.789 25.568 0.000 0.322 0.375
Age 0.008+0.003 0.054 2.669 0.008 0.002 0.014
Gender 0.916+0.067 0.502 13.619 0.000 0.784 1.048
AACCI -0.122+0.040 -0.166 -3.019 0.003 -0.201 | -0.043
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This multiple linear regression model revealed in this study a correlation (R) of 0.930 for the four tested independent
variables; age, gender, past admission frequency, and the patients’ comorbidity burden, versus the assessed patients’
CURBG65 score. Additionally, this constructed regressional model revealed approximately 86.4% of the variability
observed (R2) in the target variable which was explained by the four tested independent variables. The corrected
goodness of fit was mainlined high at 0.864 with the tested four independent variables. The ANOVA table revealed a
statistically significant for the constructed regressional model [F (4, 115.047) =1013.428, p-value=0.000] over just
predicting the mean of the dependent variable.

AACCI: Age adjusted charlson comorbidity index. #: Frequency.

B: Regressional coefficient. LL: Lower interval limit.
SE: Standard of error. UL: Upper interval limit.
CI: Confidence intervals

4., Discussion

Community-acquired pneumonia (CAP) is a significant health concern that can lead to increased morbidity and
mortality in medically admitted individuals [19]. The majority of these patients are likely to have multiple conditions
that may contribute to CAP, and the capacity to identify CAP from a background noise of chronic symptoms is unclear
[20]. Estimates of the impact of CAP range from prolonging the average admission by 2 to 8 days [21]. The healthcare
burden associated with CAP comprises a multimillion-pound cost of managing the condition, along with opportunity
costs such as bed congestion and increased workload [22]. Prompting earlier interventions in this population would
help establish a likely definitive diagnosis and guide subsequent therapy [23].

Some comorbid conditions that raise the risk of CAP are chronic conditions such as chronic obstructive pulmonary
disease (COPD) [24]. A diagnosis of CAP when a patient also has a chronic condition complicates effective management
of both conditions, as neither condition will fully and rapidly respond to treatment until both are addressed [25]. Clinical
guidelines for both conditions are currently being developed [26]. It is not known whether medically admitted patients
with an unrecognized past history of admission have an absolute or relative increased risk of CAP [27]. Over half of this
population admitted under the care of our physicians required intravenous antibiotics in the first 72 hours, reflecting
concern for acute clinical deterioration and/or a possible bacterial focus [28]. Given the clinical risks associated with
severe infection in this population, this is a high-risk, high-volume area of clinical need [29].

Numerous studies and meta-analyses reported a strong association between the number of previous admissions and
community-acquired pneumonia (CAP) in the preceding year [30]. Hospitalized CAP patients receiving mechanical
ventilation within 48 hours of admission and the need for inotropes were both associated with significantly increasing
odds of readmission compared to those who were admitted to the ward [31]. Many of them had past admissions more
than double [32]. Frequently admitted patients are characterized by more comorbidities, which could be compounded
by their frequent exposure to multidrug-resistant microorganisms during hospitalization and institutionalization,
making them vulnerable again to acquire pneumonia [33]. A retrospective review of community-acquired pneumonia
(CAP) in patients with multiple admissions concluded that for each new hospitalization episode, the readmitted patient
presented an independent risk of acquiring community-acquired pneumonia [34].

This study revealed a statistically significant correlation between the frequencies of past admissions of medically
admitted geriatric patients and the incidence of community-acquired pneumonia during hospitalisation. Our developed
multiple linear regression model indicates that the CURB-65 score, the standard measure for CAP severity, was
statistically elevated by a regression coefficient of 0.349+0.014. Additionally, consistent with prior studies, we
demonstrated that both ageing and male gender were statistically significant factors associated with elevated CURB-65
scores in geriatric patients with community-acquired pneumonia (CAP), with estimated regression coefficients of
0.008+0.003 for each additional year of age and 0.916+0.067 for male patients compared to female patients. Contrary
to numerous prior studies, our multiple linear regression model unexpectedly demonstrated a statistically significant
negative association between baseline comorbidity burden, as indicated by the AACCI, and the severity of admitted
geriatric community-acquired pneumonia (CAP), as reflected by elevated CURB-65 scores. This unexpected result may
be partially explained by the presence of significant potential confounders from previous admission frequencies that
may overlook the proposed positive impact of geriatric patients' comorbidity burden on the assessment of CAP severity.
This study revealed a statistically significant unadjusted risk estimate for CAP positivity in geriatric patients with a
baseline AACCI of 27, quantified at 82.265 (95% CI; 33.118-204.342). This study is limited by its retrospective and
single-center design. Our institution is a prominent tertiary centre in our country and the Middle East. This study
provides valuable evidence for evaluating the correlation between past admission frequency and the positivity of
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community-acquired pneumonia (CAP) diagnosis, as well as assessing its severity by estimating the CURB-65 score
based on multiple potentially impactful factors. A prospective randomised study is necessary to assess the causal
relationship while minimising the likelihood of biases inherent in retrospective studies.

5. Conclusion

This study demonstrated a statistically significant correlation between the prior admission history of medically
admitted geriatric patients and the positivity for a diagnosis of community-acquired pneumonia (CAP), suggesting an
increased severity of CAP with a higher frequency of past admission days. Clinical management of CAP in patients with
underlying diseases and a positive past admission history must be approached from a multidisciplinary perspective. It
is important to educate patients about the disease and encourage preventive management, including vaccination, to
reduce susceptibility to infection.
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