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Abstract
Background: Diabetes is one of the most prevalent diseases in Saudi Arabia to the extent that the country is ranked 4th in terms of incidence rate. Diabetes
poses multiple health threats not only to patients but also to society and the healthcare system. Thus, numerous measures have been adapted to contain
diabetes risk. One of these is the recommendation of vaccination sets for diabetic patients.

Aim: This study aims to measure the coverage of hepatitis B virus (HBV), in�uenza, and pneumococcal vaccines in diabetic patients.

Methods: Using a retrospective chart review, data were collected from 385 diabetic patients. An approved data collection sheet was used. Phone calls were
utilized for subjective-based questions. The sample size was calculated via Raosoft@. Descriptive or inferential statistical analysis was performed using
SPSS.

Results: Type 1 and type 2 diabetic patients represented 44.2% and 55.8%, respectively. Only 15.2% of patients received in�uenza vaccination in the last 12
months. Approximately 14.2% of diabetic patients received the pneumococcal vaccine, while the HBV vaccination rate was 12.9%. Hospital admission within
the last 12 months of in�uenza-vaccinated patients was 22.8%, while the unvaccinated patients recorded 77.8%. Diabetic patients reported that physicians’
recommendation rates of vaccines were 25.8% for in�uenza vaccine, 15.5% for pneumococcal vaccine, and 10.8% for HBV vaccine.

Conclusions: Measuring vaccination rates of 12.9%, 14.2% and 15.2%, respectively, concludes that compliance with the medical recommendations of
vaccinating diabetic patients is suboptimal. Healthcare institutions must collaborate with primary care physicians to integrate more e�cient and adherent
vaccination programs.

Background
Diabetes is a chronic disease that occurs when pancreatic insulin production is insu�cient, and the body cannot utilize insulin effectively [1]. Type 1 diabetes
is an autoimmune disease that occurs when the destruction of insulin-producing β cells leads to a severe decrease or absence of insulin production [2,3]. Type
2 diabetes, on the other hand, is when insulin resistance leads to elevated demand for secretion of insulin to maintain normal blood glucose levels. However,
pancreatic β cells are unable to maintain a continuous demand for insulin, developing a progressive insulin de�ciency [4]. Among type 1 diabetic patients,
Saudi Arabia has ranked 8th in prevalence, with 35,000 patients, and 7th among type 2 diabetic patients. In addition, Saudi Arabia is also ranked 4th in terms
of the incidence rate of type 1 diabetes (33.5 per 100,000 individuals) according to the Diabetes Atlas (8th edition) [3-5]. Patients with diabetes are more prone
to infections and worse health outcomes due to alterations in immunity, such as impaired leukocyte function and inadequate antibody response [6,7].
Moreover, an increased risk of morbidity, mortality, and hospitalization has been linked to diabetic patients due to in�uenza and pneumococcal disease [8].
However, taking vaccines helps to reduce the risk even after being exposed to the viruses [9]. According to the CDC, it is recommended that people six months
and older receive the seasonal in�uenza vaccine each year. In particular, diabetic patients as it can reduce the risk of hospitalization by 79% [10]. In addition,
vaccination for HBV is advised for diabetic patients below 60 years of age as soon as possible. In addition, for those who are 60 years and older, vaccination
is recommended at the discretion of their health care provider [11]. Likewise, the CDC recommends that people with diabetes receive pneumococcal vaccines
once before they reach 65 years of age and then twice after they reach 65 years old [10,11]. The annual national target for in�uenza vaccine coverage among
children aged six months or more and adults recommended by Healthy People 2020 is 70% [12]. At the same time, the target of pneumococcal vaccine
coverage in adults aged 65 or older is 90% [13]. Moreover, a target of 90% or more is recommended by the CDC regarding HBV vaccines [14]. One study
conducted in the USA showed that only 16.6% of diabetic individuals had been vaccinated against pneumococcal polysaccharide vaccine [15]. Furthermore,
the HBV vaccine revealed a prevalence of 26.9% for at least one dose, while the in�uenza vaccine demonstrated a prevalence of 47% [15,16]. Similarly,
in�uenza vaccination in diabetic individuals in Spain accounted for 43.2% [17]. Furthermore, in Spain, type 1 diabetic patients’ adherence to vaccination
showed that 83% did not receive hepatitis B vaccination [18]. In addition, 85% of type 1 diabetic patients were not vaccinated by PPV23[18]. In Poland, the
established prevalence for in�uenza vaccine and PPV23 in elderly diabetic individuals was 26.48% and 9.13%, respectively [7]. A prevalence of 47.8% and
2.8% for in�uenza vaccine and PPV23 was demonstrated in a study conducted in Riyadh, Saudi Arabia, for diabetic patients [9]. Due to in�uenza, the
prevalence of diabetic patients admitted to intensive care units in Montreal, Canada, is substantially higher than that of nondiabetic patients (32.3% versus
9.2%) [19]. The Advisory Committee on Immunization Practices recommends that all diabetic patients receive in�uenza vaccination annually and revaccinate
every �ve years for pneumococcal vaccination [20,21]. In a study conducted in Singapore, healthcare provider advice was the most in�uential factor as a
vaccination reason [22]. While educating the patient plays a major role for health care providers, an in�uential factor for not getting vaccinated was that
vaccines are either infective or have serious side effects, as the majority have reported not having any advice from their health care provider. [22,23].

Only one study speci�cally assessed in�uenza, pneumococcal, and hepatitis B virus (HBV) vaccine uptake among adult diabetic patients conducted in Spain
[18]. Accordingly, the number of studies conducted to address the topic was limited. Therefore, our study’s clinical signi�cance is to assess the awareness of
AICP recommendations among adult diabetic patients by evaluating the rate of adherence to in�uenza, pneumococcal, and HBV vaccination. If the adherence
rate is low, we would recommend that health professionals implement immunization in adult diabetic patients. Adult diabetes mellitus patients should be
counseled about the bene�ts of vaccination to prevent adverse effects and recommend that health professionals implement immunization for adult type 1
diabetes mellitus patients. As a result, we aim to assess the uptake of HBV, in�uenza, and pneumococcal vaccination and the barriers to uptake among
National Guard Health Affairs (NGHA) diabetic patients in the western region of Saudi Arabia.

Methods
Methods and materials:
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This is a retrospective, quantitative chart review study to assess the coverage of HBV, in�uenza, and pneumococcal vaccination in all diabetic patients from
2016-2021 at NGHA Jeddah. Additionally, we investigated barriers that hinder proper vaccination adherence and evaluated the level of vaccine
recommendation knowledge among diabetic patients in all age groups, including pediatric patients. We assessed HBV, in�uenza, and pneumococcal
vaccination coverage in type one and type two diabetic patients. Although the prevalence of diabetes in Saudi Arabia has been studied intensively, the exact
population of adult diabetes mellitus patients reports insu�cient information regarding the population size. Therefore, in�nite population size was used in the
calculation of this sample size with a population proportion of 50% (p=0.5), a 95% con�dence interval (z score = 1.960), and a 5% margin of error (M=0.05).
Statistically, the sample size was determined to be 385 (n=385). Computer-generated simple random sampling from the health care facilities database and
phone calls were used for this study.

Data collection and study variables:

Available demographic data, vaccine uptake status, and the diagnosis of diabetes mellitus types 1 and 2 through ICD-9/10 diagnosis codes were obtained
from Saudi Arabian national guards health affairs (NGHA) electronic medical records that include medical data of all national guards members and a�liates
since January 2016, which is, consequently, the look-back period for our research. However, anonymous demographic information, knowledge of vaccine
recommendations for diabetes patients, and the participants’ perception regarding the bene�t-risk ratio were assessed with structured, systematic questions
asked by the data collectors team consisting of the research authors and coauthors to the participants using phone calls. Then, answers were �lled into the
researcher’s data pool for analysis.  The reference date for responses acquired using medical records such as hospital admissions and vaccination status was
extracted on the day they were assessed simultaneously. The data collection and extraction procedures started from May 2021 to September 2021. Moreover,
questions answered on phone calls had the interview date as their reference date. Con�dentiality of patients’ data was maintained throughout the research
process and ethical approval was received from the Institutional Review Board at King Abdullah International Medical Research Centre (NRJ21J/084/04) in
accordance with The Code of Ethics of the World Medical Association (Declaration of Helsinki).This study included qualitative variables such as gender, age
group, educational level, previous diagnosis with diabetes, vaccination status, reasons for not being vaccinated, and knowledge about recommendations and
vaccination barriers in diabetic patients.

Statistical analysis:

Data were collected and entered using Microsoft Excel and then transferred to Statistical Package for the Social Sciences (SPSS version 24) for data analysis.
The qualitative variables, such as gender, age group, and educational level, are presented as frequencies and percentages. Quantitative variables such as body
mass index are presented as the mean ± standard deviation. The chi-square test assessed the association between two categorical variables. A p value less
than 0.05 was accepted for signi�cance.

Results
Table 1. Demographic characteristics of diabetic patients.
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Table 1
Demographic characteristics of diabetic patients.

  N Mean SD

Age 322 47.24 25.29

BMI 320 27.17 8.15

    n %

Gender(n = 322)    

  Male 161 50.0

  Female 161 50.0

Marital status(n = 321)  

  Married 197 61.4

  Single 124 38.6

Smoking status(n = 301)  

  Smoker 21 7.0

  Nonsmoker 280 93.0

Type of diabetes(n = 319)  

  Type 1 141 44.2

  Type 2 178 55.8

HbA1c(n = 322)    

  ≤ 7 58 18.0

  > 7 264 82.0

In�uenza vaccine uptake (n = 322) Yes 49 15.2

  No 273 84.8

Pneumococcal vaccine uptake (n = 318) Yes 45 14.2

  No 273 85.8

Hepatitis vaccine uptake (n = 318) Yes 41 12.9

  No 277 87.1

This study included a sample of 383 patients; only 322 patients were included, as 40 did not have an adequate vaccination history. The remaining patients
were excluded due to a lack of contact information. As described in Table 1. Out of 322 patients, there was an equal distribution between males and females
(50%). The patients’ age range was 5–94 years. The mean age of the diabetic patients was 47.27 ± 25.29 years. The mean body mass index was 27.17 ± 8.15.
Furthermore, 61.4% were married, and the rest were single. The majority were nonsmokers (93%). Type 1 diabetic patients represented 44.2%, whereas type 2
diabetic patients accounted for 55.8%. Approximately 82% presented with a recent HbA1c of more than 7. Forty-two diabetic patients out of 322 in the last 12
months had in�uenza vaccination (15.2%), and the rest did not receive it, representing the majority (84.8%). Only 14.2% of diabetic patients received the
pneumococcal vaccine, while the hepatitis B vaccination rate was 12.9%. The rest of the demographic variables are shown in Table 1.

Table 2: Overall uptake of vaccination regarding primary health care recommendation.
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Table 2
Overall uptake of vaccination regarding primary health care recommendation.

    Did your health care provider recommend Hepatitis b vaccine for you?  

    Yes No p

    n = 16 % n = 132 %  

Have you ever received hepatitis B vaccine?   0.014**

  Yes 7 25.0 21 75.0  

  No 9 7.5 111 92.5  

    Did your health care provider recommend pneumococcal vaccine for you?  

    Yes No P

    n = 23 % n = 125 %  

Have you received pneumococcal vaccine recently? < 0.001**

  Yes 12 41.4 17 58.6  

  No 11 9.2 108 90.8  

    Did your health care provider recommend in�uenza vaccine for you?  

    Yes No p

    n = 38 % n = 110 %  

Have you received the in�uenza vaccine during the last 12 months? 0.003*

  Yes 16 44.4 20 55.6  

  No 22 19.6 90 80.4  

*chi-squared test **Fisher’s exact test

While only 28 patients received HBV vaccination, the recommendation of HBV vaccination portrayed 75% of the diabetic patients who received HBV vaccine as
not receiving recommended advice from their primary health care provider, which was signi�cant (P = 0.014). Most patients vaccinated with PCV did not
receive recommendations from their physicians. A signi�cant percentage of those who were vaccinated with the annual in�uenza vaccine were not aware of
the recommendation of its uptake in diabetic patients, representing the majority (P = 0.003).

Table 3. Demographics and comorbidities in relation to vaccination.
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Table 3
Diabetic patient perception regrading in�uenza, Hepatitis B, pneumococcal vaccination.

    In�uenza vaccine Pneumococcal vaccine Hepatitis B vaccine

    Yes No   Yes No   Yes No

    Mean SD Mean SD p Mean SD Mean SD p Mean SD Mean SD

Age   49.94 23.14 46.75 25.66 .418 41.07 24.41 48.48 25.29 .068 36.51 22.57 49.04 25.27

BMI   27.02 9.200 27.20 7.960 .890 25.78 8.565 27.43 8.076 .208 23.71 7.750 27.72 8.098

Recent A1C level
within 12 months

8.69 1.893 8.90 2.263 .565 9.10 2.189 8.80 2.208 .431 9.06 2.437 8.81 2.165

    Yes No p Yes No p Yes No

    n % n %   n % n %   n % n %

Gender         0.877*         0.597*        

  Male 25 15.5% 136 84.5%   21 13.1% 139 86.9%   20 12.5% 140 87.5%

  Female 24 14.9% 137 85.1%   24 15.2% 134 84.8%   21 13.3% 137 86.7%

Type of diabetes         0.701*         0.037*        

  Type 1 20 14.2% 121 85.8%   26 19.0% 111 81.0%   25 18.2% 112 81.8%

  Type 2 28 15.7% 150 84.3%   19 10.7% 159 89.3%   15 8.4% 163 91.6%

Treatment type         0.516**         > 
0.99**

       

  Hypoglycemic
agents

11 20.0% 44 80.0%   8 14.5% 47 85.5%   7 12.7% 48 87.3%

  Insulin 38 15.5% 207 84.5%   36 14.9% 205 85.1%   33 13.7% 208 86.3%

Hospital admission in the last 12 months   0.006*         0.533*        

  Yes 26 22.8% 88 77.2%   18 15.9% 95 84.1%   22 19.5% 91 80.5%

  No 23 11.2% 182 88.8%   27 13.4% 175 86.6%   19 9.4% 183 90.6%

Ischemic heart disease     0.417*         0.877*        

  Yes 6 11.3% 47 88.7%   7 13.2% 46 86.8%   7 13.2% 46 86.8%

  No 42 15.7% 226 84.3%   37 14.0% 227 86.0%   34 12.9% 230 87.1%

Peripheral vascular disease   0.329*         0.108*        

  Yes 6 10.9% 49 89.1%   4 7.3% 51 92.7%   4 7.3% 51 92.7%

  No 43 16.1% 224 83.9%   41 15.6% 222 84.4%   37 14.1% 226 85.9%

Cerebrovascular disease   0.427**         > 
0.99**

       

  Yes 6 20.0% 24 80.0%   4 13.3% 26 86.7%   3 10.0% 27 90.0%

  No 43 14.7% 249 85.3%   41 14.2% 247 85.8%   38 13.2% 250 86.8%

Retinopathy     0.027*         0.919*        

  Yes 22 21.8% 79 78.2%   14 13.9% 87 86.1%   10 9.9% 91 90.1%

  No 27 12.2% 194 87.8%   31 14.3% 186 85.7%   31 14.3% 186 85.7%

Nephropathy     < 
0.001*

        0.256*        

  Yes 23 33.8% 45 66.2%   12 18.2% 54 81.8%   18 27.3% 48 72.7%

  No 25 9.9% 228 90.1%   32 12.7% 219 87.3%   23 9.2% 228 90.8%

Neuropathy     0.792*         0.144*        

  Yes 6 13.6% 38 86.4%   3 6.8% 41 93.2%   6 13.6% 38 86.4%

  No 42 15.2% 235 84.8%   41 15.0% 232 85.0%   35 12.8% 238 87.2%

*chi-squared test **Fisher’s exact test
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Age and body mass index were signi�cant factors regarding the uptake of HBV vaccination (P = 0.003) (P = 0.003), respectively. Type of diabetes shows a
signi�cant correlation with the uptake for both pneumococcal (P = 0.037) and HBV vaccination (P = 0.009). Hospital admission for type 1 and 2 diabetic
patients was signi�cantly decreased in in�uenza-vaccinated patients (22.8%) versus unvaccinated patients (77.8%) (P = 0.006) and decreased signi�cantly
with HBV vaccination in diabetic patients (P = 0.011). The prevalence of retinopathy for diabetic patients was signi�cantly lower in patients who received
in�uenza vaccination (21.8%) versus unvaccinated patients (78.2%) (P = 0.027). Additionally, nephropathy showed a signi�cant role in in�uenza vaccination,
as 33 vaccinated patients versus 66.2% unvaccinated patients developed nephropathy (P < 0.001). Additionally, HBV-vaccinated patients showed a substantial
decrease in nephropathy between vaccinated patients (27.3%) and unvaccinated patients (72.7%) (P < 0.001). Other data can be seen in Table 3.

Figure 1. Diabetic patient perception regarding in�uenza, hepatitis B, pneumococcal vaccination.

A total of 25.8% of diabetic patients reported that their primary care physicians recommended in�uenza vaccination. Only 15.5% reported that their physicians
recommended pneumococcal vaccination. HBV vaccination was recommended to 10.8% of diabetic patients by their physicians. Additionally, 12.8% of
diabetic patients were against receiving an annual in�uenza immunization, 10.1% were against taking pneumococcal vaccination, and 9.5% of diabetic
patients were also against receiving HBV vaccine.

Discussion
The burden of diabetes mellitus in Saudi Arabia regarding its prevalence and incidence rate has increased dramatically in the last four decades [3]. Previous
studies have shown the role of vaccinations in decreasing hospitalization related to in�uenza and pneumococcal disease in diabetic patients. Unfortunately,
few studies have been performed in Saudi Arabia regarding the vaccination of diabetic patients. The purpose of this study was to measure the prevalence of
HBV, in�uenza, and pneumococcal vaccinations and to assess the factors that hinder the uptake of these vaccines. Lack of proper documentation of the ICD
9/10 code established in diagnosing diabetes and the accuracy of date of diagnosis were the major hindrances for this study. This study shows that only
15.2% of diabetic patients had received the in�uenza vaccine in the last 12 months, while 14.2% of diabetic patients received the pneumococcal vaccine. In
addition, only 12.9% of patients were vaccinated against HBV. The hospitalization rates in type 1 and 2 diabetic patients decreased signi�cantly in individuals
who received the in�uenza vaccine 22.8% versus 77.8% in unvaccinated individuals. Patients vaccinated against HBV showed decreased hospital admissions
(P = 0.011). Additionally, this study showed that diabetic patients were recommended by their primary care physicians to receive the in�uenza vaccine (25.8%),
pneumococcal vaccine (15.5%), and HBV vaccine (10.8%). Furthermore, most diabetic patients were not aware of PCV, HBV, and in�uenza vaccine
recommendations by their primary health care provider. The percentage of vaccinated patients with PCV, HBV, and in�uenza vaccine who did not receive
recommendations was higher than those who were recommended by their physicians, which was statistically signi�cant (P > 0.001) (P = 0.014) (P = 0,003),
respectively. While HBV and in�uenza vaccination uptake were signi�cantly associated with not receiving recommendations by primary health care providers,
the number of vaccinated patients was extremely low. National cross-sectional surveys to investigate barriers, motivations, and expectations of diabetic
patients with regard to vaccination would further this research aim (Table 1).

Recent A1C levels, sex, marital status, treatment type, and macrovascular complications did not signi�cantly in�uence the uptake of all recommended
vaccinations. Marital status also did not in�uence the uptake of all recommended vaccinations, as 61.4% were married, and no signi�cant relation was found.
A study performed in Saudi Arabia showed that the prevalence of in�uenza vaccine uptake in type 2 diabetic patients was 61% [25]. Another study performed
in Arar, Saudi Arabia, showed an in�uenza vaccine uptake of 42.3% in type 2 diabetic patients [26]. Moreover, another study in Saudi Arabia demonstrated
adherence rates of 46% in type 2 diabetic patients to in�uenza vaccine and 46.2% to pneumococcal vaccine [27]. In contrast, only 35.8% of all adult diabetic
patients in the United States reported not taking the in�uenza vaccine [28]. A total of 74.3% of diabetic patients reported that their primary care physicians did
not recommend the in�uenza vaccine to them. The perception of diabetic patients toward vaccination demonstrated that 12.8% were against taking the
annual in�uenza shot. In Spain, 24% did not believe in in�uenza vaccine effectiveness [29]. In a study conducted in Saudi Arabia, half of type 2 diabetic
patients did not know if PPV23 and in�uenza vaccine were important for them [30]. The extremely low in�uenza vaccine coverage can be explained by the fact
that most patients in Saudi Arabia did not receive recommendations from their physicians and the perception that some diabetic patients are against taking
annual in�uenza vaccination [30]. Diabetic patients in Saudi Arabia portrayed a noticeable decrease in HBV vaccine coverage, as only 12.9% reported receiving
it, while 28.6% in the United States reported taking the HBV vaccine [31]. (Table 2)

Age and body mass index were signi�cant factors for HBV vaccination, and in a study done in the US, age was also a factor for HBV vaccine uptake, as
patients as elderly patients are more likely to be vaccinated, yet the prevalence in Saudi Arabia is considerably lower [31]. Additionally, only 10.8% of diabetic
patients received recommendations for HBV vaccination, contributing to its low prevalence. Pneumococcal vaccination in the US in the ages between 19–64
years was estimated to be approximately 23%, which is higher than PPV23 in Saudi Arabia [32]. Moreover, the US vaccination rate for the pneumococcal
vaccine in participants aged over 65 was nearly triple that in those between the ages of 19–64 (63.6%) (23.0%). The diagnosis type of diabetes played an
important role in the uptake of the pneumococcal vaccine, as it was more prevalent in type 1 diabetic patients. The overall coverage for the recommended
vaccination for diabetic patients in Saudi Arabia was lower than that in the US. A major factor for vaccine uptake is the knowledge of the healthcare provider
and the accessibility of vaccination for the patients [32]. In a longitudinal study that was performed in Brazil, there was an increasing number of
hospitalizations by 1.83% between 2008 and 2019, and 95% of all admissions were more severe cases [33]. In the US, 30% of diabetic patients have multiple
hospitalizations, which increases the �nancial burden [34]. Vaccination in diabetic patients has been associated with a decrease in hospitalization [33–35]. A
case–control in�uenza vaccination demonstrated a 79% reduction in hospital admission [35]. The hospitalization rate for diabetic patients in Saudi Arabia
was signi�cantly decreased in in�uenza-vaccinated patients. The high hospital admission in unvaccinated patients could be explained as 82% of all patients
having an HbA1c of more than 7. Additionally, 33.8% of in�uenza-vaccinated patients developed nephropathy, in contrast to 66.2% of unvaccinated patients
(P < 0.001), but a correlation between not receiving the in�uenza vaccine and developing nephropathy was not established, as patients were not followed up.
Additionally, in Saudi Arabia, a study of 5917 patients showed that 21% of all admissions were for blood glucose control [36]. Further studies to assess the
knowledge and attitudes of primary care physicians regarding vaccination for diabetic patients are essential (Table 3) (Fig. 1)
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Conclusions
In conclusion, vaccination adherence to in�uenza, pneumococcal and HBV in patients with T1DM and T2DM was below desirable levels, as only 15.2% had
the in�uenza vaccine in the last 12 months, 14.2% received the pneumococcal vaccine, and 12.9% of patients were vaccinated against HBV. Primary care
physicians should make efforts to implement vaccination with the in�uenza vaccine, pneumococcal, and HBV among diabetic patients through education of
the desirable bene�ts, raising awareness, implanting vaccination programs, and encouragement. Recommendations by primary care physicians are not
regarded to be su�cient alone considering the various factors contributing to vaccine uptake. Moreover, recommendation is only a fraction of a wider
campaign involving raising awareness to both diabetic patients and primary health care providers that was not assessed in this study and should be further
assessed in future research.

Limitation
Our study is vulnerable to minute limitations. The main limitation is that our study is restricted to patients of National Guard Health Affairs and may not
represent all diabetic patients who are treated in other public hospitals in Saudi Arabia. Another limitation is that the immunization history was assembled
from National Guard Health Affairs’ medical records and self-reports. Thus, self-reported immunization records are prone to recall bias. Although there are
certain limitations, the strengths of this study outweigh its limitations. Only one study had assessed the uptake of in�uenza, pneumococcal, and HBV
vaccination among diabetes patients, yet it was only focused on adult patients with Type 1 diabetes. In addition, the sample size of our study is adequate in
providing e�cient results. Future studies on this topic should include a wider range of populations, including different cities, and explore socioeconomic
disparities in Saudi Arabia.
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