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Abstract

Background: We investigated immunization status and preventive care among diabetes
mellitus (DM) patients by stratifying them into clinically distinct risk clusters based on
comorbidities, reflecting a personalized medicine approach. Methods: Using the Austrian
health interview survey 2019, we identified four groups: cluster 1 (DM, arterial hyperten-
sion (aHTN), dyslipidemia; n = 215), cluster 2 (DM, aHTN, dyslipidemia, obesity class II;
n = 33), cluster 3 (DM, aHTN, dyslipidemia, depression; n = 65), and a control cohort (DM
without hyperlipidemia, hypertension, depression, or obesity class II; n = 214). The cohorts
were compared by chi2 tests. By logistic regression the association of the cluster-related
variables and the vaccination status/preventive care variables were analyzed. Results:
Significant differences in intact diphtheria immunization between the cohorts exist (clus-
ter 1: 45.6%, cluster 2: 27.3%, cluster 3: 52.3%, control: 51.9%, p-value 0.047). Differences
in intact tetanus (42.4% vs. 64%, p = 0.027) and diphtheria (27.3% vs. 51.9%, p = 0.013)
immunization between cluster 2 and control cohort were investigated. Cluster 2 was neg-
atively associated with tetanus (OR 0.83, p = 0.009) and diphtheria (OR 0.85, p = 0.018)
immunization. Cluster 1 reports higher rates of fecal occult blood test (50.7% vs. 39.3%,
p = 0.022) and cluster 2 reports a higher rate of colonoscopy (24.2% vs. 8.9%, p = 0.015) in
comparison to the control cohort. Conclusions: A personalized medicine approach reveals
that DM patients with specific comorbidity patterns, particularly those with hypertension,
dyslipidemia, and obesity class II, have lower immunization rates—highlighting the need
for targeted preventive strategies.
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1. Introduction
Diabetes mellitus (DM) is a serious worldwide burden with enormous economic

costs [1]. In 2024, the global costs on diabetes-related healthcare exceeded over
USD 1 trillion [1]. Reports show that as of 2024, 589 million adults worldwide had di-
abetes mellitus, and this number is expected to reach 783 million by 2045 [1]. According
to the Global Burden of Disease Study in 2013, diabetes mellitus ranked as the ninth ma-
jor cause of reduced life expectancy [2]. For example, in 2021 diabetes mellitus led to
1.6 million deaths and 47% of all deaths occurred before the age of 70 years [3]. Even
though the mortality rate of diabetes mellitus individuals is decreasing in the last decade,
this cohort still reports higher risk compared to individuals without diabetes mellitus [4].
High rates of morbidity and mortality [2,5] in diabetes mellitus are largely attributable to
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its microvascular and macrovascular complications [6,7]. As known the risk of diabetes
mellitus complications is increasing with the duration of the disease and worse glucose
profiles [7]. Moreover, individuals with diabetes mellitus who suffer from comorbidities
as dyslipidemia and hypertension had a higher frequency of diabetes complications [8].
Previous research has shown that diabetes mellitus influences cancer incidence, highlight-
ing the critical need for preventive care within this population [9]. Furthermore studies
report that hyperglycemia in patients with cancer leads to higher rates of adverse outcomes
and events [10]. Moreover, diabetes mellitus can affect the immune system and thereby
increases the risk of infections [11]. For example, an Austrian study demonstrated higher
rates for pneumonia in individuals with diabetes mellitus [11]. The reason behind the
alterations of the immune system and the immune response in individuals with diabetes
mellitus is the high blood glucose levels [12]. Further it is known that in healthy subjects
hyperglycemia is able to reduce neutrophil degranulation and interleukin-1α production,
leading to increased inflammation-induced neutrophil activation and aggravated coag-
ulation [13,14]. Moreover, in DM individuals polymorphonuclear leukocytes produce
higher levels of reactive oxygen species, which might modulate natural killer cell function
and therefore influence the risk of infections and malignancies [15,16]. Current findings
concerning vaccination rates in DM individuals vary with good COVID-19 vaccination
rate of 87.7% in a Chinese population, whereas a metanalysis found a high vaccination
hesitancy of 27.8% in DM individuals in 2023 [17,18].

Because of the increased risk of complications in individuals with DM and comor-
bidities, it is essential to investigate and improve preventive care strategies tailored to
individual patient profiles. Recent work has applied advanced analytic methods such as
clustering and machine learning to better characterize the heterogeneity of diabetes mellitus
and its comorbidities. For example, deep embedding and clustering approaches in large
cohorts have revealed distinct patient subgroups with differing disease trajectories and
complication risks [19–21]. A personalized medicine approach recognizes that preventive
and immunization needs may differ significantly depending on the presence and type of
comorbid conditions. Hence, the aim of the present study was to investigate the status of
preventive care and immunization in individuals with DM without comorbidities, as well
as in cohorts with different comorbidities, to support more targeted and individualized
preventive healthcare strategies.

2. Materials and Methods
In this study the data used from The Austrian Health Information Survey (AT-HIS)

were obtained after a written application from Statistik Austria. AT-HIS was part of the
larger European Health Information Survey (EHIS) [22]. This survey was conducted in
2019 with Computer Assisted Telephone Interviewing and surveys in written form after
obtaining informed consent from all the participants. Informed Consent for our study is
not required for the use of data from The Austrian Health Information Survey (AT-HIS)
with anonymous information. For our analysis we only used individuals diagnosed with
diabetes mellitus (n = 964, 52.2% males, 47.8% females). Further we defined disease clusters
that are already described to have a higher diabetes mellitus complication rate [8]. Cluster 1
included individuals with diabetes mellitus, hypertension, and dyslipidemia. Cluster 2
consists of individuals with diabetes mellitus, hypertension, dyslipidemia, and obesity class
II (defined as a BMI of more than or equal to 35 kg/m2). Cluster 3 consists of individuals
with diabetes mellitus, hypertension, dyslipidemia, and depression. Our control cohort
(DM) consisted of patients with diabetes mellitus without hypertension, dyslipidemia,
depression, or BMI more than or equal to 35 kg/m2.
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Outcome measures included variables related to the vaccination status and to preven-
tive medical examination. In the AT-HIS survey the question and the available answers
were as follows “Last time of blood pressure measurement by a health care professional?”,
“Last time of blood cholesterol measurements of a health care professional?”, “Last time
of fecal occult blood test?”, “Last time of colonoscopy?”, “Last time of mammography
(breast X-ray)?”, “Last time of cervical smear?”, “Last flu vaccination”—Available answer
“Within the past 12 months”, “over 12 months ago”. Further questions concerning intact
immunization status (tetanus, diphtheria, Polio, FSME, pneumococcus) were dichotomous.

Statistical Analysis

Descriptive results were reported as frequency and percentage for categorical variables.
The different cohorts were compared using a chi2 test. First a comparison over all cohorts
was carried out. Afterwards each cohort was compared to all other cohorts individually. If
the observation number was under five a Fisher exact test was performed. The relationship
between the disease clusters and the preventive care variables and vaccination status
were assessed using a logistic regression model for each study group. In order to test the
model fit a Hosmer–Lemeshow was performed (Supplementary Table S4). Data analysis
was performed using R software (Version 4.0.3). p-values < 0.05 were considered to be
statistically significant.

3. Results
3.1. Comparison of All Risk Clusters

In Table 1 the descriptive analyses of the control cohort and the risk clusters are
reported. Comparing all study cohorts at the same time, only differences in sex, age, and
diphtheria immunization can be seen.

Table 1. Baseline characteristics and comparison of cohorts.

Variable DM
(n = 214)

Cluster 1
(n = 215)

Cluster 2
(n = 33)

Cluster 3
(n = 65)

p-Value
Chi2 Test

Age:

<0.001

- 15–49 28
13.4%

2
1% *

2
6%

5
7.9%

- 50–74 126
59.0%

119
55.4% *

22
67%

31
47.4%

- >74 59
27.5%

93
43.2% *

9
27%

29
44.7%

Sex:

<0.001
- male 130

60.7%
111

51.6%
16

48.5% #
21

32.3% *

- female 84
39.3%

104
48.4%

17
51.5% #

44
67.7% *

Last influenza shot in the past
12 months

30
14.0%

38
17.7%

6
18.2%

9
13.8% 0.704

Intact tetanus immunization 137
64.0%

134
62.3% +

14
42.4% *

40
61.5% 0.112

Intact diphtheria
immunization

111
51.9%

98
45.6%

9
27.3% *,#

34
52.3% 0.047

Intact Polio immunization 99
46.3%

94
43.7%

11
33.3%

28
43.1% 0.545
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Table 1. Cont.

Variable DM
(n = 214)

Cluster 1
(n = 215)

Cluster 2
(n = 33)

Cluster 3
(n = 65)

p-Value
Chi2 Test

Intact TBE immunization 126
58.9%

116
54.0%

13
39.4%

30
46.2% 0.081

Intact pneumococcus
immunization

27
12.6%

32
14.9%

3
9.1%

7
10.8% 0.781

Last blood pressure
measurement in the past

12 months

192
89.7%

203
94.4%

32
97.0%

61
93.8% 0.245

Last blood cholesterol
measurement in the past

12 months

194
90.7%

203
94.4%

32
97.0%

61
93.8% 0.413

Last fecal occult blood test in
the past 12 months

84
39.3%

109
50.7% *

15
45.5%

32
49.2% 0.108

Last colonoscopy in the past
12 months

19
8.9%

25
11.6% +

8
24.2% *

5
7.7% 0.072

Last mammogram in the past
12 months

22
26.2%

28
26.9%

5
29.4%

13
29.5% 0.953

Last PAP smear in the past
12 months

35
41.7%

30
14.7%

4
23.5%

15
34.1% 0.234

Frequency and percentage of immunization status and preventive medical examination in the DM cohort, clusters
1, 2, and 3. Further, a chi2 test was performed in order to compare all 4 study cohorts and the p-values are reported.
Moreover, each cohort was compared with each other cohort by a chi2 test. * indicates a significant difference
between the DM cohort and the specific cluster. + indicates a significant difference between the clusters 1 and 2.
# indicates a significant difference between the clusters 2 and 3.

3.2. Cluster 2 Reports Worse Immunization Status—Individual Comparison of Each Cluster

Moreover, each cohort was compared to all the other cohorts individually (see
Supplementary Materials Tables S1–S3). Compared to the control cohort, cluster 2 showed
lower immunization rates for tetanus and diphtheria but a higher frequency of colonoscopy.
When compared with cluster 1, cluster 2 again demonstrated lower tetanus immunization
rates and more frequent colonoscopy. In comparison with cluster 3, cluster 2 exhibited
lower diphtheria immunization. Additionally, cluster 1 underwent fecal occult blood test-
ing more often than the control cohort. No relevant differences were observed between
cluster 3 and the control cohort, nor between clusters 1 and 3.

3.3. Association of Preventive Care/Immunization Status and Risk Clusters

Further the association of immunization status and preventive care on the charac-
teristics of the study cohorts were investigated (see Table 2 and Figure 1). Cluster 2 was
negatively associated with tetanus and diphtheria immunization but positively associated
with colonoscopy and PAP smear. In the control cohort, colonoscopy was more frequent,
whereas mammography was less frequent. Cluster 1 showed positive associations with
fecal occult blood testing and colonoscopy. Cluster 3 was positively associated with fecal
occult blood testing.
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Table 2. Association of study cohorts and immunization status/preventive care.

Variable DM Cluster 1 Cluster 2 Cluster 3

Last influenza shot in the past
12 months

1.02
[0.93–1.12]

(0.688)

1.12
[1.00–1.26]

(0.059)

0.85
[0.71–1.01]

(0.064)

1.39
[0.97–1.97]

(0.077)

Intact tetanus immunization
1.01

[0.94–1.08]
(0.836)

1.04
[0.94–1.14]

(0.465)

0.83
[0.72–0.95]

(0.009)

1.02
[0.79–1.30]

(0.901)

Intact diphtheria immunization
1.06

[0.99–1.12]
(0.077)

1.05
[0.95–1.14]

(0.343)

0.85
[0.74–0.97]

(0.018)

1.12
[0.88–1.44]

(0.363)

Intact Polio immunization
1.04

[0.98–1.11]
(0.183)

1.03
[0.94–1.13]

(0.529)

0.93
[0.81–1.07]

(0.293)

1.05
[0.82–1.36]

(0.685)

Intact TBE immunization
1.03

[0.97–1.10]
(0.324)

0.98
[0.90–1.08]

(0.739)

1.02
[0.88–1.17]

(0.830)

0.90
[0.71–1.15]

(0.417)

Intact pneumococcus
immunization

1.05
[0.96–1.15]

(0.270)

1.09
[0.97–1.23]

(0.148)

0.94
[0.79–1.14]

(0.547)

1.33
[0.89–1.99]

(0.173)

Last blood pressure measurement
in the past 12 months

0.94
[0.85–1.05]

(0.278)

1.15
[0.95–1.39]

(0.166)

1.08
[0.82–1.42]

(0.600)

1.14
[0.75–1.73]

(0.551)

Last blood cholesterol
measurement in the past

12 months

0.99
[0.90–1.10]

(0.947)

1.18
[0.96–1.45]

(0.114)

1.14
[0.89–1.46]

(0.308)

1.06
[0.72–1.56]

(0.777)

Last fecal occult blood test in the
past 12 months

1.00
[0.90–1.12]

(0.963)

1.52
[1.15–2.01]

(0.004)

1.02
[0.72–1.35]

(0.729)

1.34
[1.05–1.71]

(0.021)

Last colonoscopy in the past
12 months

1.09
[1.02–1.16]

(0.012)

1.14
[1.05–1.25]

(0.003)

0.99
[0.81–1.22]

(0.937)

0.78
[0.53–1.15]

(0.218)

Last mammogram in the past
12 months

0.87
[0.76–0.99]

(0.049)

1.07
[0.95–1.20]

(0.258)

1.25
[1.00–1.57]

(0.053)

1.20
[0.87–1.65]

(0.276)

Last PAP smear in the past
12 months

0.99
[0.87–1.12]

(0.852)

1.07
[0.95–1.20]

(0.258)

1.26
[1.01–1.57]

(0.042)

1.22
[0.92–1.63]

(0.185)
The relationship between the DM and risk clusters and the preventive care variables, vaccination status, satisfaction
with healthcare services, and unmet healthcare needs were assessed using a logistic regression model. The odds
ratios for the logistic regression are reported. Furthermore, the 95% confidence interval are reported in the squared
brackets and the p-values in the round brackets.
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Figure 1. Association of preventive care/immunization status and the DM cohort and cluster 2. This
figure illustrates the odds ratios with corresponding 95% confidence intervals for the likelihood of
being immunized and undertaking preventive care examination among cluster 2 and the control
group. An OR below 1 indicates lower odds of immunization, whereas an OR above 1 indicates
higher odds. The dashed line represents the control cohort.

4. Discussion
In summary the worst intact immunization was investigated in cluster 2, which were

individuals with diabetes mellitus, hypertension, dyslipidemia, and obesity grade 2. Com-
pared to the control group, individuals with diabetes mellitus, hypertension, dyslipidemia,
and grade 2 obesity were less likely to have complete tetanus and diphtheria immunization.
Nevertheless, the rate of preventive care usage as fecal occult blood test or colonoscopy
was higher in the risk clusters compared to the control cohort. When we examined indi-
vidual comorbidities, some associations were observed. The cluster differences highlight
meaningful patterns and might suggest that comorbidity clusters can help identify pa-
tient subgroups with different preventive care and immunization needs, supporting a
personalized medicine approach.

The rate of complicated courses of infectious diseases are claimed to be higher in
diabetes mellitus patients compared to individuals without diabetes mellitus [23]. The
increased susceptibility and prevalence rates of infections in diabetes mellitus individuals
might be caused by a disturbed innate immune response [23]. Higher infection risk of
various viruses including Kaposi’s sarcoma-associated herpesvirus, severe acute respira-
tory syndrome coronavirus, Middle East respiratory syndrome coronavirus, hepatitis C
virus, and West Nile encephalitis is reported in individuals with diabetes mellitus [24–27].
Furthermore, the previous literature analyzed that individuals with diabetes mellitus are
at increased risk of influenza- and pneumonia-mediated morbidity and mortality [11,28].
In our study, influenza immunization coverage ranged between 14% and 18% across all
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cohorts, which is notably lower than reported in other settings—for example, a study
in Saudi Arabia found that 43.5% of individuals with diabetes mellitus had received the
influenza vaccine [29]. Also, in a Korean study population almost 60% of diabetes mellitus
patients were vaccinated against influenza [30]. The Austrian Health Interview Survey,
as well as the Hungarian Health Information Survey, were part of the European Health
Information Survey with a similar protocol. The Hungarian study concluded that even
though the data are self-reported, the influenza vaccination data could be considered valid
due to the strict regulations applied during data collection [31]. The past literature already
found a high vaccine hesitance in Austria caused by the fear of adverse events, doubt of
effectiveness, and distrust towards the pharmaceutical industry [32]. Furthermore, our
results report lower intact immunization (tetanus: 42.4% versus 64.0%, diphtheria: 27.3%
versus 51.9%) in an even more vulnerable diabetes mellitus risk cluster including individu-
als with diabetes mellitus, hypertension, dyslipidemia, and obesity grade 2. This finding
could be related to the possibility that individuals with obesity may be less likely to attend
medical appointments if they perceive or experience negative attitudes or stereotypes from
healthcare providers, which can contribute to stress, mistrust, and lower adherence to
care [33]. It is postulated that healthcare providers might view obesity as an avoidable
risk factor that hinders their ability to treat and prevent disease and therefore they have a
negative attitude towards them [33]. This negative attitude further reduces the likelihood
that individuals with obesity attend medical check-ups [33]. Even though previous studies
report that diabetes mellitus individuals with comorbidities have a higher influenza im-
munization rate [34,35]. Still no data concerning tetanus and diphtheria immunization in
the current literature can be found. Concerning obesity, it is already known that obesity
is related to a higher frequency of community-acquired infections and is accompanied
by longer hospitalization rate [36,37]. Obesity may alter the immune system as excess
adipose tissue is associated with a chronic inflammation state and leads to cell necrosis
and dysfunction [36]. Further visceral adipose tissue produces more cytokines including
tumor necrosis factor α and interleukin 6 and 1β, which weaken the immune response
against infectious diseases [36]. During the COVID-19 pandemic, it has been investigated
that higher infection rates and worse disease outcomes were reported in diabetes mellitus
and obese patients [38]. Furthermore, the COVID-19 mortality was 3 times higher in type 2
diabetes mellitus individuals with a BMI of 30 kg/m2 compared to other individuals at the
ICU department with COVID-19 [38]. Also, dyslipidemia might affect the immune system
by modulating T regulatory (Treg) cell metabolism. Within Treg cells, mTORC1 supports
metabolic regulation by enhancing glycolysis in T cells [39]. Nevertheless, cholesterol
accumulation might inhibit mTORC1 [40]. In addition, dyslipidemia influences Treg cell
metabolism through the activation of peroxisome proliferator-activated receptors, lipid-
sensitive transcription factors that regulate cellular metabolism [41]. Also, in hypertension,
the influence of the immune system gained importance. It is postulated that numerous
pro-inflammatory markers are elevated in hypertension such as interleukin-17, interleukin-
6, interleukin-1β, tumor necrosis factor-α, and inteurleukin-23 [42,43]. Therefore, intact
immunization is crucial in obese type 2 diabetes mellitus individuals with hypertension
and dyslipidemia.

Previous work could already report that the defined risk clusters have worse diabetes
mellitus outcome [8]. More specifically the combination of diabetes mellitus, hypertension,
and dyslipidemia had higher frequencies of macrovascular and microvascular complica-
tions [8]. In the previously described disease clusters higher rates of cardiovascular disease,
atherosclerosis, and amputation of legs compared to the diabetes mellitus cohort can be
found [8]. Moreover, previous work investigated that individuals with diabetes mellitus
and major depressive disorder are associated with worse glycemic control than the general
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diabetes mellitus cohort without depression [44]. That is why sufficient preventive medical
exanimations and check-ups are of importance especially in individuals with diabetes melli-
tus and other comorbidities. However, the current literature suggests that individuals with
depression are less likely to obtain influenza vaccination and preventive care [45]. Individu-
als with depressive symptoms may be less likely to engage in preventive healthcare due to
low motivation and negative attitudes, including concerns about the safety and efficacy of
vaccines [46]. In all our study cohorts as well as the control cohort we can report cholesterol
measurements rates of over 90%, which is similar to findings in the US with 83% of type 2
diabetes mellitus patients obtaining cholesterol measurements [47]. In our study higher
frequency of fecal occult blood test in individuals with diabetes mellitus, hypertension, and
hyperlipidemia was found compared to the control cohort. Moreover, a higher frequency of
colonoscopy in individuals with diabetes mellitus, hypertension, hyperlipidemia, and obe-
sity grade 2 was investigated. These findings might be explained due to a higher frequency
of doctor visits or hospitalization in individuals with diabetes mellitus and comorbidities
compared to individuals with diabetes mellitus without comorbidities. Nevertheless, the
previous literature reported that diabetes mellitus individuals with an age over 50 years
have a higher rate of doctors’ visits but still undergo less preventive care examinations as
mammographies compared to their non-diabetes mellitus counterparts [48]. Furthermore,
it is known that individuals with obesity have a hesitancy to vaccination even though
they are at higher risk [49], which might explain the lower vaccination rate observed in
cluster 2. Nevertheless, other studies suggest higher vaccination rate in obesity caused
by the awareness of higher virus-related complications and higher rate of doctors’ visits.
Conversely, other studies have reported higher vaccination uptake among people with
obesity, potentially driven by greater awareness of infection-related risks and more frequent
healthcare interactions [50].

This study has some limitations. First, it relies on self-reported data, which may
introduce recall bias or result in over- or underestimation of disease prevalence, healthcare
utilization, and immunization rates. Second, the data do not distinguish between type 1
and type 2 diabetes mellitus. Although it is reasonable to assume that most cases in our
cohort represent type 2 diabetes, given its substantially higher global prevalence [51,52],
we recognize that comorbidity patterns, healthcare utilization, and preventive care needs
can differ between type 1 and type 2 diabetes. Therefore, the lack of differentiation may
have influenced our findings, and the results should be interpreted with this limitation
in mind. Thirdly, some of our reported odds ratios are close to 1, and thus their clinical
relevance at the individual level may be limited. Still, even modest effect sizes can be
meaningful in public health contexts when applied across large populations, or when
combined with other risk factors. Fourthly, the cross-sectional design of this study inhibit
any causal inferences, and the small sample size in cluster 2 may result in unstable estimates
and reduced precision and robustness. Finally, because the data were obtained from
Austria, unmeasured confounders—such as socioeconomic status, healthcare access, and
regional differences—may have influenced the observed associations and might limit
generalizability outside Austria.

Previous studies have indicated that certain groups, such as the elderly, adolescents,
and individuals with lower socioeconomic status, are less likely to respond to health
surveys in Austria. This non-response can lead to underrepresentation of these populations,
potentially skewing the results [53].

5. Conclusions
The novel strength of this study lies in its focus on a diabetes mellitus cohort without

comorbidities, compared to various diabetes mellitus cohorts with comorbidities, across a
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range of immunizations and preventive medical examinations. While numerous studies
have examined influenza immunization, feet and eye examinations and primary care usage
of diabetes mellitus individuals, few have systematically compared various immunization
rates and preventive care measures simultaneously across subgroups defined by comorbid-
ity status. By highlighting these differences, our study provides valuable insights that can
inform more nuanced and individualized care strategies. Ultimately, this research supports
the development of a more personalized treatment approach that better addresses the
specific preventive care needs of both the general and more vulnerable DM populations.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/jpm15090441/s1, Figure S1: Flow diagram of study participants;
Table S1: Comparison of DM cohort vs. risk cohorts, Table S2: Comparison of cluster 1 vs. risk
cohorts, Table S3: Comparison of cluster 2 vs. risk cohorts, Table S4: Model Fit Assessment.
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