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REVIEW

Effectiveness of pneumococcal vaccination on hospitalization and death in the 
adult and older adult diabetic population: a systematic review
Marco Del Riccioa, Sara Boccalinia, Claudia Cosmab, Gabriele Vaccarob, Benedetta Bonitoa, Beatrice Zanellaa, 
Cristina Salvatia, Duccio Giorgettib, Lisa Rigonb, Massimiliano Alberto Biamonteb, Matteo Monamic, Paolo Bonannia 

and Angela Bechinia

aDepartment of Health Sciences, University of Florence, Firenze, Italy; bMedical School of Specialization in Hygiene and Preventive Medicine, 
University of Florence, Firenze, Italy; cDiabetology, Careggi Hospital, University of Florence, Florence, Italy

ABSTRACT
Introduction: Diabetic patients are at a higher risk of getting pneumococcal disease and are therefore 
recommended to get vaccinated. The aim of our systematic review is the retrieval and analysis of all 
available evidence on the effect of pneumococcal vaccination on the risk of hospitalization and death in 
adult patients with diabetes.
Research design and methods: MEDLINEand EMBASE were searched from inception until 
January 2023. We included all studies investigating whether pneumococcal vaccination reduces the 
risk of dying or being hospitalized in diabetic patients. The Newcastle-Ottawa scale was used to assess 
risk of bias. 
Results: Only two studies, encompassing a total of 68,246 subjects, were considered eligible for 
inclusion and of high quality. In both studies polysaccharide pneumococcal vaccination was associated 
with a reduction of the risk of hospitalization or death in adult diabetic patients (aHR: 0.76 in one study, 
aOR: 0.97 in the other one). However, in neither of the two included studies the lower risk was 
statistically significant.
Conclusions: Further research is needed due to the potentially major clinical implications for diabetic 
patients. The results of this systematic review can serve as a foundation for future studies, indicating the 
importance of continuing research in this area to improve patient outcomes.
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1. Introduction

The increase in life expectancy has led to more than one-fifth 
of the population in Europe aged 65 years or over in 2021 [1]. 
Older age, a fragility factor itself, and chronic illnesses lead to 
a greater susceptibility to infectious diseases with conse-
quently higher mortality and morbidity rate [2,3]. Diabetes 
mellitus (DM) is an increasingly important public health issue 
worldwide, considering the number of cases more doubled in 
the last two decades [4]: moreover, due to its impact on the 
immune system it causes greater susceptibility to infections 
and leads to a higher risk of hospitalization and death due to 
infectious diseases [5,6].

Among the pathogens that most affect diabetic patients is 
S. pneumoniae (commonly known as pneumococcus), a gram- 
positive bacterium that causes most cases of community- 
acquired pneumonia [7]; over 90 serotypes of S. pneumoniae 
are known [8]. Diseases caused by S. pneumoniae can vary in 
severity: otitis media, sinusitis, and conjunctivitis are generally 
milder, while pneumonia, meningitis and sepsis often lead to 
hospitalization and death. In particular, the most serious pneu-
mococcal-related outcomes are invasive pneumococcal 

disease (IPD) and pneumococcal pneumonia (PP), recognized 
causes of high mortality worldwide [7].

Individuals with DM are among those who present a higher 
risk of contracting the pneumococcal disease [9]: they have up 
to a 1.4-fold increased risk of developing PP and a 1.4- to 
4.6-fold increased risk of developing IPD as well as an 
increased incidence of hospitalizations due to these two con-
ditions [10]. Therefore, these subjects are highly recom-
mended to get vaccinated against pneumococcus [11]. Two 
types of vaccines are available against pneumococcus: poly-
saccharide vaccines (PPV) which contain purified capsular 
polysaccharides of the pathogen, and conjugate vaccines 
(PCV) which contain antigens derived from the most virulent 
subtypes conjugated to carrier proteins [12]. In the adult 
population, PPV is licensed for individuals aged 65 years or 
older and immunocompromised persons or those at high risk 
of infection. It protects against 23 serotypes of S. pneumoniae: 
it is effective in preventing 50–70% of IPDs in adults and 
requires a booster vaccination after 5 years [13,14]. The PCV 
is also recommended for the population aged 65 years and 
over and for people of all ages with some health conditions 
who are at greater risk of complications from pneumococcal 
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disease [15]. Vaccine recommendations around the world are 
very heterogeneous: PCV is recommended in a number of 
countries (e.g. Poland, Slovakia), PPV in others (e.g. Denmark, 
Germany, Spain), while some countries are recommending 
vaccinating with PCV followed by PPV (e.g. Italy, France, 
United States) in order to take advantage of the benefits of 
both vaccines [16,17].

Due to the strong impact that pneumococcal pneumonia 
and invasive pneumococcal disease have on diabetic subjects, 
pneumococcal vaccination plays a key role in preventing the 
associated S. pneumoniae diseases.

The aim of our systematic review is the retrieval and ana-
lysis of all available evidence on the effect of pneumococcal 
vaccination on the risk of hospitalization and death in adult 
patients with diabetes.

2. Materials and methods

2.1. Protocol and registration

The methods and inclusion criteria of this systematic review 
were described according to PRISMA statement 
(Supplementary File 1) and registered in the PROSPERO 
International prospective register of systematic reviews 
(CRD42021248179) [18].

2.2. Search strategy

The literature search was conducted on MEDLINE and EMBASE, 
up to 31 January 2023, on diabetic subjects exposed to pneu-
mococcal vaccination. The search was performed by using 
a string built on the following terms: ‘diabetic patients’ (and 
variations such as ‘diabetes’), ‘pneumococcal vaccination’ (and 
variations such as PCV or PPV). No time, geographical, or 
language restriction was applied as long as an English abstract 
was available to assess the eligibility of each record.

2.3. Study selection

After removing duplicates, the articles were screened based 
on their title and abstract, and those considered potentially 
eligible for inclusion were read in full. The literature search 
and article selection were conducted independently by two 
researchers, and any disagreements were resolved through 

consensus or by seeking advice from a third, more experi-
enced researcher. Additionally, further eligible articles were 
searched for through backward citation chaining and by 
examining the reference lists of previously published reviews 
and meta-analyses, if available.

To be eligible for inclusion in this systematic review, a study 
had to be an original study evaluating and reporting (by 
means of Risk Ratios (RR), Odds Ratios (OR), Hazard Ratios 
(HR) and corresponding 95% confidence intervals (CI) or 
another measure of statistical uncertainty such as standard 
errors, variance, or exact p-values) the effectiveness of pneu-
mococcal vaccination (either PCV or PPV, or both) in adult 
diabetic patients (type 1 and/or type 2). Studies based on 
the pediatric population were not considered eligible for 
inclusion. The main endpoints were hospitalization and 
death in vaccinated diabetic patients. The non-exposed or 
control group were unvaccinated diabetic patients. Only 
observational studies were included.

2.4. Data retrieval

A dedicated extraction spreadsheet was developed to collect 
data. The following parameters were extracted from each 
eligible article: (1) Study identification characteristics; title, 
first author, year of publication; (2) study design; (3) duration 
of follow-up; (4) country in which the study was conducted; (5) 
number, age and sex of enrolled subjects; (6) type of vaccine 
received; (7) type of outcome measure; (8) details on statistical 
analysis methods and variables used for estimates adjustment. 
Measures of risk were extracted directly or calculated from the 
publications.

2.5. Statistical analyses and quality assessment

We had planned to use study-specific measures of risk to 
calculate a pooled OR (with the Mantel-Haenszel formula) 
with 95% CI and quantify heterogeneity across studies by 
using the I2 statistics [19]. Moreover, subgroup analysis and 
leave-one-out sensitivity analysis to identify sources of the 
observed heterogeneity (in case I2 exceeded 50%) were 
planned. In case of a limited number of eligible studies, we 
would not perform a formal meta-analysis and study specific 
results would therefore be reported in tables and commented 
on in the text. Finally, the study quality and susceptibility to 
bias was independently evaluated by two authors by using the 
Newcastle-Ottawa Scale [20].

3. Results

The literature search returned 2,738 records, and two addi-
tional studies were identified by checking reference lists 
(Figure 1).

After removing duplicates, a total of 1,598 articles were 
excluded based on their title or abstract and 110 were read 
in full text. Of these, 108 were not eligible because they did 
not present data on vaccine effectiveness (n = 53), were not 
focused or did not present data on the diabetic population 
(n = 47), were editorials, letters without data or systematic 

Article highlights

● Diabetic patients are at a greater risk of getting pneumococcal 
disease and suffer unfavorable outcomes from it;

● National and international public health organizations recommend 
diabetic patients to vaccinate against pneumococcus;

● Our study evaluated the effectiveness of pneumococcal vaccination in 
reducing the risk of hospitalization and death in diabetic patients;

● Only two studies met the inclusion criteria. Both reported that 
pneumococcal vaccination was associated with a reduction of the 
risk of hospitalization or death in adult diabetic patients, but in 
neither the lower risk was statistically significant;

● More studies aimed at assessing the effectiveness of pneumococcal 
vaccination in specific risk groups are needed.
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reviews with a different research question (n = 7). Among the 
studies that focused on diabetic patients but were found not 
to be eligible, the studies by Butler et al. and Sotiropoulos 
et al. were excluded [21,22]. Butler et al. did not focus on the 
adult population only, while Sotiropoulos et al. did not 

mention whether both children and adults were included 
[21,22]. The same was true for the abstract by Blinova et al. 
[23]. Lastly, Gilbertson et al. analyzed the association of pneu-
mococcal vaccination with hospitalization and mortality in 
hemodialysis patients (40% of whom were diabetic) but did 

Figure 1. Flow-chart of the literature search and articles selection for the systematic review.

Table 1. Characteristics of included studies on pneumococcal vaccine effectiveness in diabetic patients.

Author, year Country Study design Period Study sample (n)
Population’s 
conditions

Mean age and standard 
deviation or age group

Male 
(%)

Davis TME, 
2017 [25]

Australia Longitudinal 
prospective cohort 
study

Enrollment 2008–2011, 
follow-up until 
June 2013

1,465 (624 vaccinated; 
841 unvaccinated)

Diabetes mellitus 
(type 2)

65.7 ± 11.6 years 51.9

Kuo CS, 
2016 [26]

Taiwan Population-based 
retrospective cohort 
study

2007–2009 66,790 (33,395 
vaccinated; 33395 

unvaccinated)

Diabetes mellitus 
(type not 
specified)

75 years or more 52.1

Table 2. Results of studies on the association between pneumococcal vaccination and the risk of hospitalization or death in diabetic adult patients.

Author, year
Pneumococcal 
vaccine used Outcome Main Result Adjustment

Davis TME, 2017 [25] PPV23a Hospitalizations or death due 
to pneumonia

aHR: 0.76 (95%CI : 
0.47-1-26)

GFRb; major depression

Kuo CS, 2016 [26] PPV23a Hospitalizations aOR: 0.97 (95%CI 
0.93–1.01)

age; gender; COPDc; flu vaccination; Charlson index; 
duration of diabetes

aGlomerular Filtration Rate. 
bChronic Obstructive Pulmonary Disease. 
cPolysaccharide Pneumococcal Vaccine 23-valent. 
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not report measures of association regarding the effectiveness 
of pneumococcal vaccination in the specific subgroup of dia-
betic patients [24]. Only two articles published between 2016 
and 2017 were found eligible for inclusion in this systematic 
review [25,26]. Overall, the two studies had good methodolo-
gical quality, with the risk of bias judged to be low (overall 
score 9 out of 9 for both studies) (Supplementary File 2). The 
two studies encompassed a total of 68,246 subjects, of which 
most were contributed by Kuo et al., and were conducted in 
the Asia-Pacific WHO region. The main characteristics of these 
studies are summarized in Table 1.

The manuscript by Davis and colleagues reports 
a longitudinal prospective cohort study that aimed to assess 
the importance of pneumococcal vaccination in preventing 
hospitalizations or death due to pneumonia in type 2 diabetic 
adult patients [25]. Of the 1,465 included participants, 624 
(42.6%) recalled pneumococcal vaccination in the previous 5  
years. Over the course of the follow-up period, 72 patients 
were hospitalized and 9 died due to pneumonia. Although the 
results of the adjusted analysis suggested that pneumococcal 
vaccination may have a potential impact in preventing poor 
outcomes (aHR: 0.76), the vaccination status did not emerge as 
a significant predictor of pneumonia-related hospitalization or 
mortality (95%CI: 0.47–1.26) (Table 2).

4. Discussion

The present systematic review aimed to assess the impact of 
pneumococcal vaccination on the risk of hospitalization and 
death in adult patients with diabetes. Only two studies were 
included in the present work as a result of the selection 
process described in the methods section [25,26]. Both studies 
found that pneumococcal vaccination had a positive impact in 
reducing hospitalizations or deaths, as indicated by measures 
of association below one. Both direct (e.g. reduction of pneu-
mococcal infections) and indirect mechanisms could play 
a relevant role; it has been demonstrated, for example, that 
pneumococcal infections can worsen glycemic control in 
patients with diabetes and increase blood glucose in non- 
diabetic patients [27]. Pneumococcal infections can also be 
associated with a higher number of cardiovascular events, 
even if no higher risk of hospitalization or death have been 
observed in the two included studies [25,26,28].

There are several studies performed in adult population 
aimed at assessing the effectiveness of pneumococcal vacci-
nation. Huss and colleagues conducted a meta-analysis on 22 
trials showing trivial protective effects of vaccine in trials with 
a higher methodological quality [29]. Similar results were 
found by a Cochrane review in which PPV seems to be asso-
ciated with a lower risk of IPD, but not mortality [30]. Despite 
these potential favorable effects, there is very limited evidence 
focusing on the effectiveness of conjugated and polysacchar-
ide pneumococcal vaccines on the diabetic adult population. 
This lack of evidence is particularly problematic due to the 
importance of protecting frail population, affected by chronic 
disease, such as diabetes, potentially affecting the immune 
response [5]. Vaccination has been considered one of the 
most effective methods for preventing pneumococcal 

infections, which are associated with relevant morbidity and 
mortality, particularly among immunocompromised indivi-
duals [11,31]. Gilbertson and colleagues reported a small but 
significant association between pneumococcal vaccination 
and lower mortality and hospitalization risk in patients with 
end-stage renal disease [24]. Similarly, Blinova and colleagues 
showed that pneumococcal vaccination in patients with 
chronic obstructive pulmonary disease (COPD) and DM can 
improve the course of the COPD by reducing the number of 
exacerbations [23].

Several limitations of the present systematic review should 
be recognized: the first is the limited number of included 
studies, which prevented formal meta-analysis and did not 
allow to draw any reliable conclusions on the effectiveness of 
pneumococcal vaccination in reducing the risk of hospitaliza-
tion and death in adult diabetic patients. The paucity of 
studies has an impact as well on the geographical represen-
tativeness of the conclusions that might be taken, consider-
ing that it is not possible to assess any differences between 
countries, where there are different recommendations or 
vaccination coverage rates. The review process and research 
questions used in this study had been chosen to be appro-
priate to achieve reliable conclusions; however, this approach 
could have limited the inclusion of other studies, such as 
those conducted on mixed populations (both adults and 
children).

Despite these limitations, it must be acknowledged that the 
two included studies represent a good starting point for future 
primary studies or systematic reviews on this topic, consider-
ing that both are good quality studies: as an example, despite 
conducting a retrospective study (thus possibly limiting the 
reliability of the used classifications, such as the chosen out-
comes), Kuo and colleagues used ‘hospitalization’ as outcome 
rather than ‘pneumonia hospitalization,’ therefore reducing 
the chances of misclassification, as they included all hospita-
lized patients, which is an objective measure (Supplementary 
File 2).

To obtain a more comprehensive understanding of the 
topic, further studies are needed, both primary studies and 
secondary studies that could focus on a broader range of 
endpoints, including pneumonia, bacteremia, and other rele-
vant health outcomes. Furthermore, future research should 
delve into various aspects in depth to unearth potential nuan-
ces that may have eluded prior studies: this includes investi-
gating the effects of the recommended combination of 
pneumococcal and influenza vaccinations in these subjects, 
as well as examining the implications of different vaccination 
schedules. In fact, no studies fulfilling our inclusion criteria 
have explored the effects of conjugated pneumococcal vac-
cines on health outcomes [32].

5. Conclusions

This study attempted at evaluating the effectiveness of 
pneumococcal vaccination on the risk of all-cause mortality 
and hospitalization in adult diabetic population. This 
attempt is particularly important due to the high risk of 
adverse events in case of pneumococcal pneumonia in 
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patients with diabetes. This subgroup of patients, in fact, 
should be considered at high risk because of the impaired 
immune response. This may have a relevant impact on 
public health policies and ultimately on the burden of 
the diabetic disease, considering that 537 million adults 
(20–79 years) worldwide suffer from diabetes [33]; more-
over, considering the aging population and the increase 
in chronic diseases, it is conceivable that vaccination 
should be implemented in the near future. Moreover, the 
onset of the COVID-19 pandemic has rapidly changed life-
style and disease management of elderly patients with 
diabetes and has negatively impacted routine immuniza-
tion [34,35].

Despite the aforementioned limitations, the results of this 
systematic review should be viewed as a starting point for 
future studies aimed at clarifying the effectiveness of pneu-
mococcal vaccination in specific immunocompromised popu-
lations. This can help optimize vaccine policies and improve 
overall health outcomes.
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