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Abstract

Introduction: Diabetes mellitus is a chronic condition that has been rising globally over
the past few decades, and it is projected to continue increasing into 2045. Diabetes is
considered a risk factor for several types of infectious diseases, but the impact of diabetes
on present and future infectious disease burden has not been well-evaluated. This study
aims to quantify the contribution of diabetes on the burden of respiratory, gastrointestinal,
and urinary tract infections, and to estimate the effect of three scenarios of diabetes
prevalence on the future burden.

Methods: We projected diabetes prevalence under three different scenarios, including a
“business as usual” trend, a “stop the rise” in prevalence scenario, and a decline to the
lowest historical value (a potential theoretical minimum exposure level). We used a
population attributable fraction (PAF) model to calculate the proportion of disease that
could be attributed to diabetes in the present and future scenarios. We calculated pooled
estimates of risk from large, population-based cohort studies using a random-effects model.
Results: In 2019, diabetes accounted for approximately 15.25% of respiratory infection
DALYs, 6.67% of gastrointestinal DALY's, and 6.29% of urinary tract infection DALYSs.
Countries in Oceania were disproportionately among the countries with the highest burden
of diabetes-attributable infectious disease, with diabetes accounting for up to 34.73% of
respiratory infection DALY's and 16% - 18% of DALY due to urinary tract and
gastrointestinal infections in the highest-burden nations. Without intervention, diabetes-
related infectious diseases will rise to account for 22% of all respiratory infections, If the

rise in diabetes prevalence can be stopped at 2019 levels, more than 55 million DALY
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from respiratory infections, 7.26 million DALY due to gastrointestinal infections, and 2.55
million DALY from urinary tract infections can be avoided.

Conclusion: Diabetes control has the potential to reduce the burden of gastrointestinal,
respiratory, and urinary tract infections globally and across all regions, though the
magnitude of benefit varies by country and by infectious disease of interest.

Keywords: diabetes, burden of disease, population attributable fraction, infectious

diseases, scenario analysis, risk factor analysis
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Chapter 1 Introduction
1.1 Background:

Diabetes mellitus is a chronic condition of global concern, as the prevalence of diabetes has
more than doubled since 2000, from 4.6% of adults in 2000 to 10.5% in 2021.1 These
figures are projected to continue to rise, from an estimated prevalence of 537 million adults
aged 20-79 years in 2021 to a projected increase to 783 million by 2045.* Characterized by
elevated blood glucose, diabetes mellitus includes type 1 (T1DM), type 2 (T2DM), and
gestational diabetes, but T2DM constitutes more than 90% of diabetes cases globally.*2
While there are many factors internal and external factors influencing the pathogenesis of
diabetes, increased prevalence of T2DM is closely tied with lifestyle factors including
obesity, a trend toward sedentary lifestyles, and unhealthy dietary behaviors like high
intake of processed foods and refined carbohydrates.??
1.2 Diabetes and Infection

Chronic hyperglycemia can increase the risk of other diseases, including kidney
disease, neuropathy, and heart disease. In addition to increasing the risk of other non-
communicable diseases, diabetes also impacts infectious diseases by increasing a person’s
susceptibility to and severity of infection.* There are several physiological processes that
may contribute to this increased infection risk, including immune cell dysfunction and poor
immune response due to chronic inflammation and oxidative stress.*® In addition to
increased susceptibility to infection and higher risk of severe disease, people with diabetes
may experience higher viral loads and longer infectious periods than their normoglycemic
counterparts, which has implications for the spread of infectious disease within

populations.>’
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While the magnitude of increased risk due to diabetes differs by infection site,
people with diabetes experience higher risk of most infectious diseases, including upper
respiratory infections, surgical site infections, urinary tract infections, and skin and soft
tissue infections (SSTIs).58° There is also evidence of increased infection risk from drug
resistant strains® and other uncommon pathogens.!! Many systematic reviews and
observational studies have explored the relationship between diabetes and both rare and
common infectious diseases in a variety of settings and populations,*-12 and the trends in
older adults and hospitalized patients have garnered particular interest since people with
diabetes are at increased risk of mortality due to infection.!*> However, while the evidence
strongly supports a relationship between diabetes and risk of various infectious diseases,
there are still many gaps in the literature that must be understood in the context of
population health and global health priorities.

1.3 Confounders in the Relationship Between Diabetes and Infection

When evaluating the relationship between diabetes and the risk of infection, age and
sex were common variables that most studies adjust for. However, complicating the
relationship between diabetes and infectious diseases are several other confounders
including vaccination rate, smoking, and other comorbid conditions like obesity. These
factors, whose prevalence may be unequally distributed across people with and without
diabetes, may lead to under or overestimation of the risk of infection among people with
diabetes if they are not adequately measured.

Studies suggest that people with diabetes have higher rates of vaccination than
people without diabetes, 62! which may be driven by public health and medical vaccination

guidelines focusing on people with diabetes. While much of the literature has focused on
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the prevention of hospitalization or mortality,'®2? vaccines have also been shown effective
at reducing the risk of incident infection among people with diabetes, although some of this
data has been found to be of low quality.?*?* Estimates for the magnitude of risk reduction
range from 25%-58% in people with diabetes, with similar reductions seen in the risk of
incident infection and greater reductions seen in the risk of hospitalization.1%222°
Additionally, the relative decrease in hospitalizations and mortality as a result of
vaccination may be greater in people with diabetes compared to people without diabetes.®
Smoking is a well-established independent risk factor for many types of infections,
and is thought to increase infection risk in a dose-dependent relationship.?®2” Urinary tract
infections are thought to be a unique exemption from an increase in infection risk.?®2° The
body of evidence on whether smoking prevalence differs between people with and without
diabetes is mixed, and these differences may be rooted in differences in smoking behaviors
across cultures and ethnic groups. Studies out of the United States and Germany suggest
that diabetes prevalence is similar or lower in people with diabetes and without
diabetes,*>*! with the studies out of Germany showing a lower prevalence of smoking
among people with diabetes, though smokers with diabetes smoked more cigarettes per day
than people without diabetes.3? These potential differences in smoking behavior and the
independent effect of smoking on infection risk suggest smoking is an important
confounding factor to account for when considering the risk of diabetes and infection.
Finally, other comorbid conditions may be more common in people with diabetes,
particularly since diabetes is considered an immune-suppressing condition. Many comorbid
conditions independently increase the risk of infection compared to people without

comorbid conditions.*® Some of these conditions are more common among people with
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diabetes than people without diabetes (e.g. asthma, chronic obstructive pulmonary disease
(COPD), obesity).343" Thus, lack of adjustment for these other comorbid conditions may
lead to an overestimation of risk among people with diabetes. Conversely, some comorbid
conditions may be caused by or exacerbated by diabetes, such as chronic kidney disease or
gastroparesis.®® In instances where diabetes may fall along the causal pathway of the other
comorbid conditions, further adjustment may be inappropriate and lead to an
underestimation of the relationship between diabetes and infection.

Behavioral differences may add additional complications in discerning the
relationship between diabetes and infection. Patients and providers may both exhibit
different attitudes surrounding care seeking, diagnosis, and escalation of care.!2 Ruiz et al
suggest the reason behind their study finding of higher hospitalization rate but lower in-
hospital mortality may be a lower threshold for hospitalization in patients with diabetes
compared to their counterparts without diabetes.'® There is the possibility that people with
chronic conditions (including diabetes) are more often recommended to visit their doctor
than people without diabetes, which may influence case-finding and detection.'?> However,
available studies suggest that when examining people with diabetes and people without
diabetes, there may be no difference in the number of doctor’s office visits annually.163°
1.4 Global Implications

Like many other diseases of global concern, disease burden is unequally distributed
globally. Of the estimated 537 million adults aged 20-79 years with diabetes, 80% live in
low- and middle-income countries (LMICs),* where the burden of infectious diseases
remains high.*® LMICs are also projected to experience much of the rising burden of

diabetes while being ill-prepared to handle the healthcare demands of the growing double
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burden of communicable and non-communicable diseases.*! Poor healthcare infrastructure
contributes to high rates of undiagnosed diabetes, and an estimated 87.5% of the people
nearly 270 million people with undiagnosed diabetes live in LMICs.! This also has
implications for health outcomes, since there is some evidence that suggests glycemic
control is a driving factor in increasing the risk of infection among people with diabetes,
with higher levels of glycemia being associated with increased risk and severity. 42

Despite the burden of diabetes and infectious diseases borne by LMICs, most of the
research on diabetes and infectious diseases comes from high-income nations, leaving large
gaps in the literature regarding the impact of diabetes on global infectious disease burden.
1.5 Literature Gaps

While the relationship between diabetes and infectious diseases was well-accepted,
there was not as much epidemiological evidence to support the association until the past
decade, although this is now an a growing area of interest.*> Many of the existing studies
have methodological concerns that make it difficult to establish the causality and
directionality of relationship, as infection may lead to transient hyperglycemia.
Additionally, there have been few studies that quantify the impact of increased risk on
infectious disease burden, particularly at a global level. Many of the available studies focus
on specific populations (e.g. older adults, critically ill patients) or hospitalization outcomes
(e.g. surgical site infections, sepsis). Additionally, while many studies support the link
between diabetes and infectious diseases, few studies explore the impact of decreasing
diabetes prevalence on infectious disease burden.

The Global Burden of Disease Study (GBD) is one of the largest undertakings of

disease burden estimation, focusing on quantifying 369 causes of disease burden across
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communicable, non-communicable, and injury-related burdens.*® However, while the GBD
includes diabetes as a risk factor for tuberculosis, it has yet to publish estimates on the
attributable burden of many infectious diseases due to diabetes. In addition to the GBD,
other studies have produced estimates projecting the role that increased prevalence of
diabetes may have on tuberculosis control, as well as support the role of diabetes
management as the most effective strategy to reduce tuberculosis incidence.** Future
projections from India and Indonesia, two countries with a high tuberculosis disease
burden, show that diabetes will account for an growing proportion of incident tuberculosis
cases and tuberculosis mortality.*>4’ Given the potential role of diabetes on tuberculosis
transmission and control, as well as the growing body of evidence of the relationship
between diabetes and infectious diseases, further exploration into the impact of diabetes on
other infectious disease burden is warranted.
1.6 Study Aims

This study aims to quantify the present impact of diabetes on infectious disease
burden among the global population and estimate how different scenarios of diabetes
intervention may impact infectious disease globally. Our analysis will focus on T2DM
since it is the predominant type of diabetes and can be controlled or prevented through
various public health interventions. We will start with a brief overview of the
epidemiological studies that quantify the associated risks of diabetes on incident infectious
disease and mortality within the general population. Then, we will apply these estimates to
the present disease burden and provide estimates for the impact of several future scenarios
of diabetes prevalence on infectious disease burden due to three major classes of infectious

diseases: respiratory infections, urinary tract infections, and gastrointestinal infections.
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Chapter 2 Methodology:

2.1 Selection of Infection Sites

The GDB was used to rank the highest-burden infectious causes by disability-
adjusted life years (DALYS) in people over 20 years. DALY are a sum of years of life lost
(YLLs) and years lived with disability (YLDs), so they encompass two aspects of disease
burden. Exclusion of those under 20 was done to better reflect the population at risk of
T2DM and the disease burden that could be impacted by a changing prevalence of diabetes.

The cause list was assessed against the available literature to provide for
comparability and consistency between the GBD reported causes and the available
literature, as well as future estimates of disease burden. This resulted in the inclusion of
both level 2 and level 3 GBD causes (Table 1).

Rankings were assessed by their overall global burden in DALY, as well as their
ranking in each of the GBD super regions. The GBD super regions were selected over the
World Health Organization (WHO) regions due to the GBD’s use of a “High-income”
category, which separates high-income nations like the United States, Japan, and Australia
from their geographic neighbors. High-income nations have different trends of
communicable and non-communicable diseases,*® thus using a hybrid system of grouping
by geography and income status may highlight unique contributors to infectious disease
burden that should be explored. The GBD region map is shown in Figure 1.

From the list of the infectious causes of DALY, the top 10 causes globally and
from each region were selected and evaluated according to the following inclusion criteria:

e Acute, infectious disease complications should account for the disease
burden, compared to chronic health impacts resulting from infection

e Demonstrate a direct relationship with diabetes in the available literature.
7
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e Adequate research to support the risk relationship between diabetes and the
infection site of interest, whether from systematic reviews, meta-analyses, or
large cohort studies with sound research design

We excluded infectious diseases where much of the disease burden is due to chronic
health burden, as this requires modeling both acute and chronic burden. Since we aimed to
model the risk relationship and resulting disease burden due to diabetes, infectious causes
also needed to have sufficient evidence of the relationship, which we defined as at least
three studies that fit our inclusion criteria and supported a causal relationship between
diabetes and the disease of interest. Several of the major global diseases were excluded on
account of these criteria, including HIVV/AIDS, malaria, and other tropical infectious
diseases. We excluded HIV/AIDS and tuberculosis due to their long latency periods and
chronic health outcomes. Malaria and other tropical diseases were excluded due to
inadequate evidence of their relationship with diabetes. We also excluded COVID-19, as
there are many unknowns making it difficult to project the future burden associated with it
at the time. After applying the inclusion criteria and completing the literature search, three
infection sites were selected: non-tuberculosis respiratory tract infections (lower and
upper), diarrheal infections, and urinary tract infections and interstitial nephritis (UTIs).

2.2 Study Inclusion

Studies were selected based on predetermined inclusion and exclusion criteria.
Inclusion criteria included (i) meta-analysis or systematic review of observational studies or
(i) original retrospective or prospective population-based cohort or case-control study of
general-population, non-hospitalized adults (aged 18+) where the exposure of interest was

diabetes (either T2DM or undefined diabetes) and the outcome of interest was incidence or
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mortality due to respiratory, urinary tract, or gastrointestinal infection. Original studies
should be observational studies with a healthy comparator group, and measurement of
diabetes was required to occur prior to the identification of infectious disease to control for
the bidirectional relationship between hyperglycemia and infection. Exclusion criteria
included (i) cross-sectional or case study designs, (ii) studies where hospitalization or
intensive care unit admission was the sole outcome of interest, (iii) studies focused on
specific populations (e.g. critically ill, pregnant, stroke patients), <18 years old population,
or only included people with T1DM, (iv) studies that examined the relationship between
diabetes and other comorbid conditions with infection, or (v) inclusive of a single pathogen.
2.3 Quality Assessment

Risk of bias associated with each outcome was assessed using the Risk Of Bias In
Non-Randomized Studies - of Interventions (ROBINS-1) tool.*® The tool includes a set of
signaling questions used to evaluate each study outcome for its risk of bias and assigns a
score for each of its 7 domains (bias due to confounding, participant selection, intervention
classification, deviation from intended intervention, missing data, outcome measurement,
and reporting) as well as an overall rating. ROBINS-1 also includes an additional
assessment for the direction of bias either toward or away from the null hypothesis. Each
outcome would be evaluated differently, as there was potential for different risks of bias
depending on the outcome. Following individual assessment, the studies were collectively
also assessed using the GRADE method.>° Studies were required to receive a rating of

“serious risk of bias” or higher to be included in the final pooling estimates.
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2.4 Statistical Analysis
2.4.1 Data Extraction

Extracted variables included: title, author, source of data, country, study design,
population, length of follow-up, number of participants, risk ratio and confidence intervals,
major study limitations, and included covariates. When available, ICD-9-CM and ICD-10-
CM codes were extracted for comparison with the GBD-ICD code map to determine the
best matching cause.

2.4.2 Study Pooling

If there were at least three estimates for an infection site, estimates were pooled
using a DerSimonian and Laird random-effects model due to assumed heterogeneity and
demographic differences across the populations in our studies.>>> We pooled adjusted
estimates from each study and recorded their effect size and 12. One study reported crude
estimates from an age-sex-location matched cohort,> while the other studies all reported
adjusted estimates. Infection sites (i.e. gastrointestinal, respiratory, and urinary tract
infections) were analyzed separately, except in the case of lower and upper respiratory
infections. When available, we generated separate estimates for all respiratory infections,
lower respiratory infections, and upper respiratory infections. If studies reported lower and
upper respiratory infections separately but did not report a joint estimate, we calculated a
within-study estimate using a fixed effects model. Included measures of association were
odds ratios (OR), incidence risk ratios (IRR), and hazard ratios (HR). Other crude measures
of association, including standardized mortality ratios (SMRs) were not included in our

study due to lack of adjustment for confounding.

10
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2.4.3 Data Sources

Data on T2DM prevalence from 1990-2019, as well as all infectious disease burden
outcomes, by country, sex, and 5-year age group came from the 2009 Global Burden of
Disease Study.>* The United Nations population estimates were used for past and future
population distributions from 1990-2045.% These data sources are publicly available.
Relative risks for diabetes and the various sites of infection were calculated from meta-
analyses of previous epidemiological studies according to the methodology previously
described.
2.4.4 Present Situation

Diabetes prevalence estimates were available for age-standardized rates. All
estimates for each year, country, sex, and 5-year-age group were calculated individually
and then aggregated to produce regional, age group, or global estimates. While the GBD
provides diabetes estimates starting at the 15-19 age group, we excluded ages <20 from
our disease burden calculations. Since none of our identified studies include children or
adolescents, we are unable to generalize the risk relationship demonstrated in the included
studies to an adolescent population. However, as this group contributes to diabetes
prevalence globally, we included them when calculating age-standardized diabetes
prevalence or country-specific diabetes average. Age standardization was done via direct
standardization against the WHO reference population 2000-2025.%

To calculate attributable disease burden, we used the population attributable fraction
(PAF) method.>” The PAF represents the proportional reduction in disease burden or
mortality that would occur if the exposure to the risk (or prevalence of the risk factor) was

reduced to zero or shifted to an alternative exposure scenario, and allows for calculating
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attributable and non-attributable disease burden. The PAF was calculated for each country-
age-sex group and applied to disease burden data for historic and future diabetes prevalence
under our three scenarios.

Outcomes were separated into the incidence of infection and mortality, which we
used for calculating YLDs and YLLs respectively. Since there were not enough available
outcomes for mortality due to UTIs and gastrointestinal infections, the risk relationship was
assumed to be the same. YLDs and YLLs were calculated separately for respiratory
infections and then combined to report the burden of disease in DALYS.

2.4.5 Future Prediction Model

Diabetes prevalence was modeled under three different scenarios of diabetes
intervention and control to determine the impact of varying levels of diabetes control on the
estimated future burden of infectious diseases.

Baseline/Business as Usual Scenario:

The “business as usual” scenario, in which the trend of diabetes prevalence was
assumed to follow a similar trend to the past 10 years (2010-2019), was predicted using a
linear regression model. Final values were assessed according to the difference between
their initial and predicted final value in 2045, and the location-age-sex groups in the bottom
and top 1% were compared against historical data for any potential inconsistencies in the
trend that may contribute to extreme change.

Several locations and age groups demonstrated sharp increases or declines from
2015 to 2017, which are two of the years that the Global Burden of Disease study provided
updates. Since differences in methodology, new data availability, or other causes may lead

to artificial changes in prevalence or exaggerate true change, as well as have undue
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influence on future prediction models, any country that showed sharp, short-term declines
or increases, particularly from 2015-2017, was rerun using historical data from 2005-2019
as a basis for the prediction model. This was done to ensure short-term changes in trend did
not exert undue influence on future predictions.

Stop the Rise:

This target was based on the World Health Organization (WHO) diabetes target for
2025, which includes halting the rise of diabetes. While the World Health Organization
target involved maintaining 2010 levels, we set the diabetes prevalence to stay at 2019
levels for each country-age-sex group from 2019 to 2045 due to aggressive intervention.
This does not account for the influence of age structure on the all-age diabetes prevalence,
so in the presence of an aging population, the country-specific diabetes prevalence may
continue to rise.

In the case that the stop the rise scenario prevalence of diabetes was greater than the
future trend of diabetes for that country-age-sex group, the lower estimate was used to
calculate disease burden. This was done under the assumption that additional intervention
would have a compounding effect on the trend of diabetes, lowering it further rather than
raising it. However, due to heterogeneity across countries, we were unable to further adjust
for the impact of intervention on diabetes prevalence.

Minimum Diabetes Prevalence Scenario:

The minimum prevalence of diabetes scenario was chosen as the lowest all-age
diabetes prevalence across all countries and measurement years, as this suggests the
potential minimum prevalence of T2DM. This scenario was selected as an alternative to a

0% all-age global prevalence of diabetes and represents the ideal scenario of diabetes
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prevalence on attributable burden. All age groups were assumed to decline at the same rate,
where the all-age prevalence of diabetes would reach 0.44% (0.00438) by 2045. Groups
could achieve a 0% prevalence of diabetes, but the lower bound was set at 0 as a negative
prevalence of diabetes is not possible.

Future Burden of Disease:

Historic diabetes prevalence was used to estimate the past attributable and non-
attributable burden of infectious disease due to diabetes. We modeled the trend of non-
attributable infectious disease into 2045 using a log-linear model. The log-linear accounts
for a graduated decline toward a non-zero minimum of infectious disease burden over time
and reflect the inability to achieve a negative disease burden. We used the future predicted
non-attributable disease burden to model the total and attributable disease burden under our
three scenarios.

2.5 Sensitivity Analysis

To test the robustness of our pooling study results, we conducted two sensitivity
analyses. We repeated our analysis using a fixed-effects model to examine the impact of
using a random-effects analysis on the results of our analysis. We also conducted influence
analyses by removing each study from our meta-analysis for each of our major outcomes
(all respiratory infections, upper respiratory infections, lower respiratory infections,
gastrointestinal infections, and urinary tract infections).®

To test the robustness of our primary analysis, we repeated our statistical analysis
under several scenarios. First, we separately analyzed lower and upper respiratory
infections using only the studies that reported separate effect sizes to produce individual
lower and upper respiratory infection results, as well as joint results to determine if there

were significant differences. Additionally, if our leave-one-out analysis identified any
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studies that were more highly influential than others, we removed these to calculate our
primary outcomes again.

Finally, we selected the most narrow definition of infectious disease shared between
the available cohort studies and the GBD, so our results would reflect a conservative
estimate of the true impacts of diabetes on those infectious outcomes. In our sensitivity
analyses, we expanded the cause from “diarrheal diseases” to encompass the broader level
three cause “enteric infections” (to include “invasive non-typhoidal Salmonella (iNTS),”
“typhoid fever,” and “paratyphoid fever”) as well as “appendicitis” and “peptic ulcer
diseases.”

While one study (Carey et al. 2018) included “peritonitis” as a gastrointestinal
infection outcome, the GBD study includes this within the “other digestive diseases”
category along with other infectious and non-infectious causes. Given that there are nearly
100 distinct diseases represented within the “other digestive diseases” category, with many
of these diseases having non-infectious etiologies as well as the fact that 25% of peritonitis
cases or fewer are considered spontaneous bacterial peritonitis (SBP),>°%° this cause was
not included in our sensitivity analysis. Infectious etiologies are thought to play a role in
approximately 70% of stomach ulcers and 70-90% of duodenal ulcers,®* so the initial
burden of disease values were set at 70% of initial values. Non-infectious etiologies of
appendicitis are thought to only represent a small proportion of total appendicitis cases,%%3
though the proportion of cases attributed to infection versus non-infectious or genetic
causes has not been quantified. For this reason, no further adjustment was made to these
values. The included ICD codes for gastrointestinal studies that included them can be found

in Appendix 3.
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2.6 Uncertainty Analyses

Due to uncertainty related to estimation, we used a Monte Carlo simulation
approach to randomly compute 1,000 sets of the PAF based on the uncertainty estimates of
the risk exposures and RRs distributions. These distributions were drawn using a lognormal
distribution for all outcomes. We calculated 95% uncertainty intervals of each outcome
based on the resulting 1,000 distributions of estimated attributable burden, whether
DALYs, YLDs, or YLLs. This simulation approach was repeated for each step of the
statistical analysis that was previously described.

All statistical analysis was carried out using R version 4.0.3 and RStudio ver.
2023.03.2. Conversion between ICD-9 and ICD-10 codes was conducted using RStudio icd

package 4.0.9. Visualizations were done using RStudio ver. 2023.03 and Flourish® .
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Chapter 3 Results
3.1 Search Results

We identified 6 studies on urinary tract infections,816:39.536465 4 stydies on
gastrointestinal infections,®1°384 5 studies on the incidence of respiratory infections
(including both upper and lower),816:395364 and 5 studies on mortality due to respiratory
infections.®®-"" One study included “infection mortality” which was composed of 75%
lower respiratory infection outcomes in addition to 5% gastrointestinal infections and
additional other infections,® but this outcome was excluded due to the inability to assign
risk to our specific outcomes. There were 4 studies that reported the incidence of both
lower and upper respiratory infections separately,339°354 with one of the four studies also
providing an “all respiratory infections” result, which is what we used in our combined
lower and upper respiratory infection analysis.%* Of the studies on respiratory infection
mortality, 3 of the 5 focused on lower respiratory infections,®%%70 while 2 included both
upper and lower respiratory infections.®”®® There were no studies that reported separate
upper respiratory infection mortality. These studies were population-based studies from
Canada, China, Japan, Mexico, the Netherlands, the United Kingdom, and the United
States. A summary of each study can be found in Appendix 1.

ICD-9-CM/ICD-10-CM codes were extracted from two studies for primary care
visits on incidence risk of infection,®® and included respiratory (n = 2), gastrointestinal (n
= 1), and urinary tract (n = 1) infection outcomes. Four studies (Carey et al. 2018, Hine et
al. 2017, Hirji et al. 2012, and Muller et al. 2005) reported different clinical classification
methods,33%6485 with Carey et al 2018 only providing ICD codes for hospital visits but not

for primary care visits. Shah and Hux 2003 did not report their included disease codes. Due
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to limited ICD codes availability, analysis of included codes did not provide meaningful
comparisons between studies.
3.2 Quality Assessment

The ratings for individual studies are presented in Figure 2-5, and the rationale for
individual studies can be found in Appendix 2. All studies across all included outcomes
were at serious risk of bias, with the primary domains of concern being bias due to
confounding and bias due to measurement outcomes. Studies with serious risk of bias due
to confounding neglected to adjust for key variables that may influence the results, with
smoking,3%°3% vaccination,?3%536466-70 ghesity, 395385 and other comorbid conditions (e.g.
respiratory disease)®°2%-"0 being commonly neglected confounders. One study adjusted for
vaccination,'® and two studies measured care-seeking behaviors.'®2° Studies were generally
at low risk of bias due to misclassification of outcomes or deviation from intended
intervention, which is consistent with other studies of non-randomized observational
outcomes. The most common missing data was on smoking status.®'4%* Some studies
included various analytical techniques to address missing data, including the use of a
missing indicator and complete case analysis.'® Since diabetes could be diagnosed prior to
the initiation of the study, most studies suffered from survivor bias, in which it is difficult
to know how death among people with diabetes prior to the study initiation may impact
results. Additionally, differences in care-seeking behavior or provider diagnosis may lead
to bias, but few studies attempted to account for these factors. No study was excluded due
to the critical risk of bias.

The collective body of evidence received a GRADE rating for the quality of

evidence. Observational studies start with a “low” rating, but the body of evidence was
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upgraded to “moderate” due to evidence of a dose-response since there is evidence that
higher blood glucose levels lead to a higher risk of infection across all of our study
OUtC0mES.7'42'64’65'67
3.3 Pooling Results

The forest plot generated for respiratory infections showed there was a slightly
increased risk of upper respiratory infections due associated with diabetes (RR 1.16, 95%
Cl: 1.08-1.24) (Appendix 4). The risk of incident infection associated with lower
respiratory infections was greater than upper respiratory infections (RR 1.36, 95% CI 1.26-
1.48)), while the risk of general respiratory infections (including upper and lower) was 1.23
(95% CI: 1.17-1.29).

The pooled risk of mortality due to respiratory infection was 2.36 (Cl 95% 1.65-
3.37), with estimates ranging from 1.58-3.65. The risk of lower respiratory infection
mortality was similar to overall respiratory infection (2.24, 95% CI: 1.43-3.51), but there
were not enough studies to calculate an estimate for upper respiratory infection mortality.
The highest mortality from respiratory infections was reported in a study from Mexico (RR:
3.65, 95% CI: 3.19-4.18), which showed greater than three times the risk of dying due to
respiratory infection among people with diabetes. The risk of urinary tract infections among
people with diabetes compared to the general population was 1.49 (95% CI: 1.27-1.55).

Heterogeneity was high across all meta-analyses with the exception of the
gastrointestinal estimate. This was anticipated a priori due to the inclusion of studies from
various countries and populations, as well as very large sample sizes with narrow

confidence intervals.
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3.4 Present Situation

In 2019, the global age-standardized prevalence of T2DM was 5.31%, and the all-
age prevalence of T2DM was 5.62%. In the Business as Usual scenario, the projected all-
age prevalence of diabetes is 9.31%. If diabetes prevalence for each age group is
maintained at 2019 levels, the 2045 all-age prevalence will be 6.91%. In the minimum
prevalence scenario, the projected all-age prevalence of diabetes is 0.44% (Table 2).

Globally, among the 20+ years old global population in 2019, diabetes accounts for
approximately 15.25% of all respiratory infection diseases, 6.67% of all gastrointestinal
infections, and 6.29% of all urinary tract infections in 2019 (Table 3). Across all regions,
diabetes contributes the largest percent of the disease burden due to gastrointestinal
(8.66%), respiratory (19.50%), and urinary tract (8.68%) in the High-income region. The
lowest percent of DALY s attributable to diabetes occurs in Central Europe, Eastern Europe,
and Central Asia for gastrointestinal (3.36%) and respiratory tract (10.54% ) infections,
with Sub-Saharan Africa having the lowest percent of attributable urinary tract infections
(3.19%). Latin America and the Caribbean have the highest rate of urinary tract infection
DALY due to diabetes, with 11.27 DALYSs per 100,000, while diabetes contributes the
highest rates of respiratory infections and gastrointestinal infections in Sub-Saharan Africa
(165.19 per 100,000) and South Asia (106.29 per 100,000) respectively.

Analysis by country (Table 3) shows the highest rates of diabetes-attributable
respiratory infections among islands in Oceania, including Palau (944.86 DALY per
100,000) and Solomon Islands (805.94 DALY per 100,000). In Niue, over 35% of all
respiratory infection DALY's can be attributed to diabetes, while diabetes contributes 39.77

urinary tract infection DALY per 100,000 in Barbados.
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3.5 Future Predictions of Diabetes

The regional prevalence percent of people with diabetes for the 20-49, 50-69, and
70+ age groups is expected to rise across all GBD regions, with the exception of the 70+
population of Southeast Asia, East Asia, and Oceania (SEAEAOQ). The sharpest increase is
shown in the North Africa and the Middle East (MENA) and South Asia regions in the 70+
and 50-69 age groups, and South Asia for the 20-49 age group. Among the 70+ population
in MENA, the prevalence of diabetes is projected to reach 41% under the current trend. The
lowest prevalence of diabetes has historically been in the Sub-Saharan Africa region. This
trend will continue for the 20-69 population, but the projected prevalence of diabetes in
Sub-Saharan Africa will rise above that of SEA by 2045 (14.19% vs 22.51%).

Diabetes in the SEAEAOQ region is expected to decline in the 70+ age group, while
the number of people with diabetes is predicted to more than double from around 24
million in 2015 to 55 million in 2045. Under these projections in the business as usual
scenario, the total number of people with diabetes globally by 2045 is projected to be
around 875 million (Figure 7). In comparison, stopping the rise of diabetes would prevent
approximately 175 million cases of diabetes, with a large majority of those in the South
Asia, Latin America, and MENA regions.

3.6 Impact of Diabetes on Infectious Disease Burden
The projected impact of diabetes on the sites of infection varies by region. With the

exception of Sub-Saharan Africa, the other world regions show a trend toward increasing
burden due to respiratory infections after a few decades of declining respiratory-related
disease burden. In the high-income region, diabetes will contribute 36.5% of all respiratory
infections by 2045 if there is no intervention (258 DALY per 100,000, Ul 95% : ) (Figure

10a and Figure 10b).
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As shown in Figure 10b, between 2019 and 2045, the high-income nations will have
the highest number of preventable DALY due to respiratory infections associated with
stopping the rise of diabetes compared to the other regions. Stopping the rise would prevent
7.26 million DALY s due to gastrointestinal infections, 2.55 million DALY from urinary
tract infections, and 41.24 million DALY's due to respiratory infections (Figure 11a, Figure
11b, and Figure 11c). A decline to our estimated minimum prevalence of diabetes would
result in 37.07 million avoided DALY's from gastrointestinal infections, 12.65 million
avoided DALY s from urinary tract infections, and 179.66 million avoided DALY from
respiratory tract infections. The minimum diabetes prevalence scenario would lead to a
prevention of 6.90% of global respiratory infection DALY's, 6.38% of urinary tract
infection DALY, and 2.84% of global gastrointestinal infection DALY . Of the avoided
DALY's under both scenarios of diabetes control, South Asia experiences the largest
reduction in DALYs from all three infection sites.

3.7 Sensitivity Analysis

In our primary model with fixed effects, there are minor differences seen in the
point estimate for all respiratory infection incidence (RE: 1.23, 95% CI: 1.17 - 1.29 vs FE:
1.22 95% ClI: 1.22 - 1.23), with similar results for individual lower and upper respiratory
infections and gastrointestinal infections. The random-effect model remains more
conservative, particularly for applications across the global population. All respiratory and
lower respiratory infection mortality and urinary tract infections show some increase in the
magnitude of risk using a random-effects model, though the direction of risk remained

similar. This indicates heterogeneity underlying the cohort-specific estimates, which is
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consistent with a high 12 (>80%) statistic for all estimates with the exception of
gastrointestinal infections.

Influence analysis revealed relatively stable results for respiratory infections, lower
respiratory infections, upper respiratory infections, and gastrointestinal infections. Our
mortality outcomes showed more deviation upon removing each of the studies; however,
we ultimately decided to keep all of these studies in our primary analysis, as each of these
studies reflects racially diverse populations. Since there were no studies on mortality from
upper respiratory infections, we assumed the effect size to be 1.0 when calculating
mortality estimates in our sensitivity analysis. For urinary tract infections, the analysis
revealed Shah and Hux 2003 was an influential study for urinary tract infections, and
estimates varied when removing any study from both lower and total respiratory infection
mortality.

Additionally, we conducted separate analyses of YLDs and YLLs for
gastrointestinal and urinary tract infections. YLDs were calculated using the pooled results
from our literature search and meta-analysis. YLLs were calculated using the values
reported by Bragg et al 2023, which was the only included study to report mortality
estimates for urinary tract infections and gastrointestinal infections.

A detailed presentation of the results is available in Appendix 5.
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Chapter 4 Discussion

If there is no intervention, the global prevalence of diabetes will almost double
between 2019 and 2045, although some of this increase is driven by an aging population, as
an increase is also seen in the global all-age prevalence of the Stop the Rise scenario. The
Minimum Scenario leads to a reduction of 92.17% decrease in diabetes prevalence over 26
years, with the older population being the group to experience the largest reduction in
prevalence. The overall feasibility of achieving either the Stop the Rise or the Minimum
Prevalence scenario on a global scale is low. The Stop the Rise scenario was proposed by
the World Health Organization in 2013, but only fourteen countries are on track to meet
these targets.”* However, these two scenarios were chosen as points of reference due to
their 1) global health significance as a global target from the 75th World Health Assembly
(Stop the Rise) and 2) their use for comparison against the Business as Usual scenario to
illustrate and contextualize the role of diabetes on global infectious disease burden. Despite
concern for feasibility, our study suggests that aggressive targets for diabetes control would
have a significant impact on the global infectious disease burden.

The various regions show unique patterns in infectious disease distribution and the
overall impact of diabetes on infectious disease burden. With the exception of Sub-Saharan
Africa’s declining trend of infectious disease DALY, and South Asia in regard to
gastrointestinal DALY, the regions exhibit an increasing trend of infectious-disease-
related burden. While this will be driven by an increasing disease burden that is not
attributable to diabetes (Figure 9), a rising diabetes prevalence will exacerbate this trend

(Figure 10a, Figure 10b). This is particularly evident when examining the graph of
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attributable disease of respiratory infections across most regions, and urinary tract
infections in the high-income region.

Additionally, this analysis highlights the regional differences in diabetes burden and
impact. In comparison, despite the relatively small proportion of diabetes-attributable
infectious diseases in Sub-Saharan Africa, the DALY associated with respiratory and
gastrointestinal infections are comparable to or greater than many of the other regions.
Thus, while the proportion of attributable disease is lower, diabetes control has the potential
for meaningful impact across all regions in regard to respiratory, gastrointestinal, and
urinary tract infections.

Further analysis at the country level shows that diabetes contributes significantly to
the disease burden among island nations in Oceania (Table 3). In 2019, American Samoa,
Niu, and Marshall Islands were within the top 5 countries that have the highest percent of
gastrointestinal, respiratory, and urinary tract infections attributable to diabetes. These are
also countries that have high rates of diabetes. Care should be taken when interpreting and
applying regional and global estimates of disease burden, as focusing solely on regional
burden can mask the challenges that smaller nations may face.

Looking at the future trend of the SEAEAO region actually shows a declining
prevalence of diabetes over the next two decades, which is primarily driven by a declining
trend in China and Indonesia. However, despite a declining prevalent percentage of people
with diabetes, the prevalent number of people with diabetes continues to rise. This suggests
the effect may be driven by factors other than a decline in diabetes incidence, such as
improved life expectancy and healthcare access leading to a larger pool of healthy, non-

diabetic adults. This is further supported by the growth highlighted in the cumulative
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preventable DALY's under the business as usual and the stop the rise scenario compared to
the minimum prevalence of diabetes scenario. While the prevalence of diabetes will be
around 14% in the 50+ population in SEA compared to 30.6% in Latin America and the
Caribbean and 25% in the High-income region of the same population, the overall
cumulative burden of DALY s due to respiratory infections in SEA is greater than Latin
America and the High-income region combined.

These results support the use of diabetes intervention to not only address a growing
non-communicable disease epidemic, but with the added benefit of reducing the burden of
disease associated with infectious diseases. Additionally, the benefits of diabetes
intervention may be greater than illustrated in this study. While there was not enough
available data to create separate estimates for urinary tract infection or gastrointestinal
infection mortality, the cohort study from Mexico suggests that the risk of mortality
associated with both diseases may be significantly higher than their incident risk, with
urinary tract infection mortality being as much as 10 times higher among people with
diabetes.®” Additionally, the risk may not be borne by all age groups equally. However, the
existing literature on the risks of infection in different age groups is mixed, and more
research is required before drawing significant conclusions.6:67.72

Based on the results of the risk of bias assessment, there is the need for further
research into the relationship between diabetes and selected infectious diseases. The
domains that indicate a serious risk of bias across almost all of the included studies. As
urinary tract infections are less strongly influenced by factors such as vaccination or
smoking, potential differences in providers’ diagnostic behaviors may lead to a slightly

skewed bias toward people with diabetes. Conversely, for respiratory diseases, the direction
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of bias is likely moderately skewed toward people without diabetes, as different vaccination
behaviors may moderate some of the relationship between respiratory infections and
diabetes. Additionally, while some studies did not account for smoking behaviors, only one
study account for vaccination behaviors. Thus, the impact of vaccination on the body of
evidence overall is less represented than that of smoking behaviors. The direction of bias on
the effect size of gastrointestinal infections is unclear, due to the mixed relationship
between diabetes risk and smoking, as well as the potential mediation effect of diabetes on
infection via diabetes-induced comorbid conditions such as gastroparesis.

Other confounders such as smoking show a mixed association with diabetes,
making the direction of bias difficult to predict.
4.1 Comparisons with Existing Literature

Although there are few studies that attempt a global analysis of the infectious
disease burden attributable to diabetes, particularly for gastrointestinal infections, our
results are largely consistent with the literature that does exist regarding respiratory
infections. The GBD Tuberculosis Consortium estimates that 10.6% of tuberculosis cases
in people without HIV could be attributed to diabetes globally,” while a modeling study
from India suggests that, in 2017, 21.9% of the incident cases of TB could be attributed to
diabetes. This number was projected to rise to 33% by 2050.° Bragg et al (2023) calculated
the deaths from infection that were attributable to diabetes in Mexico City, and found that
approximately 33% of infection-related mortality was attributable to diabetes, and over half
of that figure was contributed by uncontrolled diabetes (defined as HbA 1c >9.0%).” The
Bragg estimates are higher than the final estimates for 2019 in this study, but their figures

were likely influenced by their higher gastrointestinal and urinary tract infection effect size,
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while also including other infectious diseases that may have a stronger relationship with
diabetes than those included in this study.

Our diabetes future projections are also comparable to other published estimates.
While we assumed linearity of the relationship without including additional predictors in
our business as usual scenario, our results are largely consistent with those of the
International Diabetes Federation, which estimates there will be 783 million people with
diabetes globally in 2045.* Our baseline estimate, approximately 875 million, is higher but
also includes the global population over 80 years old, while the International Diabetes
Federation excludes this subset of the population. While a more robust diabetes prediction
model may estimate differences in the future prevalence of diabetes, we suspect that the
trends in the impact of diabetes on infectious disease globally and over time would remain
constant.
4.2 Sensitivity Analysis

We also conducted sensitivity analyses to determine the impact of our operational
definitions and to address several of the limitations of this study. The sensitivity results are
consistent with our analysis or suggest an underestimation of attributable disease burden.
Pooling model and the inclusion or exclusion of selected studies had little impact on our
overall results, while broader operant definitions of infectious causes and the use of
separate gastrointestinal and urinary tract infection magnitudes of risk for calculating YLDs
and YLLs calculation had a larger impact (Appendix 5).
4.3 Strengths

There are inadequate studies exploring the attributable burden of selected infectious

diseases due to diabetes across different regions and countries. While some studies have
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attempted to quantify the burden of infectious disease contributed by diabetes within their
study populations, this study’s strength is that it produces estimates across 204 countries
and territories, as well as by sex and age group.

Access to information on the relationship between diseases can lead to synergistic
decision making and cross-collaboration that strengthens public health infrastructure and
informs policymaking. This has been seen as a result of similar research detailing the
relationship between tuberculosis and diabetes, as public health efforts have shifted toward
incorporating diabetes management as a strategy for tuberculosis control.

4.4 Limitations

A primary limitation of this research is the data quality and availability, both
regarding data sources as well as previously published research. The datasets utilized,
including the GBD Study and the United Nations population predictions, are widely used
by organizations and governments in global health. However, we acknowledge the
concerns regarding the credibility and validity of the GBD results.

Another limitation of this research is the paucity of globally-representative literature
examining the interactions between diabetes and the risk of infection. Much of the available
research on the interactions between diabetes and the risk of infection comes from countries
in North America and Europe, with the exception of studies examining respiratory infection
mortality and diabetes. This may limit the generalizability of the findings to other regions
of the world, as there is not enough data to determine if the risk between diabetes mellitus
and infectious disease is constant across racial or ethnic groups. Particularly, the
relationship between diabetes and respiratory infection mortality was stronger in Mexico

and China than in the United States and the United Kingdom.
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Additionally, many of the included studies, especially the studies that included
respiratory infections, were plagued by serious risk of bias due to confounding. Some
studies did not adequately control for important confounders such as smoking, vaccination
status, and other comorbid conditions like asthma or other respiratory diseases, all of which
have been shown to individually impact the risk between diabetes and infectious disease.
While the current research provides valuable insights into the potential burden of infectious
diseases that may be attributed to diabetes, it is important to recognize these limitations and
acknowledge the continued need for globally representative and rigorously designed

research in this area.
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Chapter 5 Conclusion

Our study demonstrates the need to consider interventions to prevent the rise in
diabetes both as a strategy to reduce chronic health disease burden and also to prevent
infection disease burden due to various site-specific infections, including gastrointestinal,
respiratory, and urinary tract infections. As diabetes is projected to continue to rise through
2045, the burden of infectious diseases attributable to diabetes will continue to rise. Care
should be taken to examine trends at a country level as well as regional, since the highest-
burden countries may not come from the highest-burden regions. While the total
attributable burden associated with diabetes varies by region and infection site, stopping the
rise in diabetes has the potential to prevent 55 million combined DALY's from
gastrointestinal, respiratory, and urinary tract infections from 2019 - 2045, which has major
implications for global health. Future studies may consider exploring the dose-response
relationship of diabetes control and glycemia in the context of global infectious disease, as
the burden of undiagnosed diabetes may further complicate projections of diabetes-

attributable infectious disease burden.
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Chapter 6 Tables

Table 1: Ranking of infectious diseases by Global DALY rate and total DALY
Global DALY  Global DALY Rate

Inclusion Age Disease Total (per 100,000)
B 20+ years  Tuberculosis 39461149.76 317.450
B 20+ years  HIV/AIDS 38912549.28 313.037
20+ years Lower respiratory infections 33557506.61 269.958
20+ years Diarrheal diseases 27,376,900.64 220.240
Neglected tropical diseases and
- 20+ years malaria 18939787.86 152.364
20+ years  Other infectious diseases™ 11506320.89 92.564
20+ years  Periodontal diseases 7028197.942 56.539
Urinary tract infections and
20+ years interstitial nephritis 4609992.253 37.086
20+ years  Upper respiratory infections 3627738.265 29.184
20+ years Pancreatitis 3536801.355 28.452

Table 2: Definitions of three scenarios of diabetes prevalence

Description of Diabetes Scenarios
Scenario | Description 2019 - Age 2019 - 2045 -
standardized | All-age All-age
Business | Determined using a linear regression 5.33% 5.62% 9.31%
as usual analysis of the past 10 years of T2DM
prevalence
Stop the Diabetes prevalence remains at 2019 5.33% 5.62% 6.91%
rise estimates through 2045
Returnto | The lowest historical prevalence across 5.33% 5.62% 0.44%
Lowest all countries from 1990-2019 - a
Historical | theoretic minimum risk exposure level
Value
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Table 3: Highest burden of attributable disease ranking by DALY rate and percent for

gastrointestinal, urinary tract, and respiratory infections
Countries with the highest burden of disease attributable to diabetes 2019

Attributable DALY s per 100,000 % of DALY s attributable to diabetes
Rate Male Female % Male Female
Gastrointestinal
Global 35.59 32.14 38.99 | Global 6.67 6.40 6.90
1. Central African Republic  221.58 303.13 142.12 1. Niue 17.63 17.15 18.07
2. Solomon Islands 205.21 212.38 197.97 2. American Samoa 17.52 17.2 17.9
3. Kiribati 176.8 170.65 182.24 3. Marshall Islands 16.5 15.86 17.03
4. Lesotho 138.92 165.53 113.49 4. Fiji 15.43 15.15 15.77
5. India 119.17 93.77 145.88 5. Sri Lanka 14.51 13.35 15.54
6. Vanuatu 111.31 108.41 114.11 6. Mauritius 14.09 13.72 14.56
7. Eritrea 101.96 139.07 67.66 7. Palau 13.8 12.82 14.7
8. Papua New Guinea 101.2 127.55 73.31 8. Puerto Rico 13.53 13.73 13.34
9. Marshall Islands 98.24 84.76 112 9. Cook Islands 13.29 12.81 13.81
10. Niue 97.91 94.89 100.71 10. Seychelles 12.85 11.46 14.63
Respiratory
Global 112.68 126.65 98.89 | Global 15.62 15.62 15.63
1. Palau 32.12 31.54 32.59 1. Niue 32.12 31.54 32.59
2. Solomon Islands 31.53 27.09 34.12 2. American Samoa 31.53 27.09 34,12
3. Seychelles 28.43 28.99 28.12 3. Brunei Darussalam  28.43 28.99 28.12
4. Niue 28.97 26.84 30.5 4. Marshall Islands 28.97 26.84 30.5
5. Marshall Islands 27.69 2741 27.97 5. Czcchia| 27.69 27.41 27.97
6. Malaysia 29.15 28.69 29.51 6. Cook Islands 29.15 28.69 29.51
7. Zimbabwe 35.38 355 35.27 7. Puerto Rico 35.38 35.5 35.27
8. Central African Republic  27.71 29.35 26.45 8. Grenada 27.71 29.35 26.45
9. Lesotho 28.09 27.51 28.59 9. Palau 28.09 27.51 28.59
10. Micronesia (Federated 27.62 28.31 27.1 10. SVG 27.62 28.31 27.1
States of)
Urinary Tract Infection
Global 5.63 5.40 5.87 Global 6.29 6.51 6.10
1. Barbados 39.77 47.41 33 1. American Samoa 16.35 16.99 15.8
2. Seychelles 31.11 31.28 30.91 2. Niue 15.16 15.83 14.64
3. American Samoa 26.3 25.93 26.65 3. Fiji 14.65 16.26 13.21
4. Saint Kitts and Nevis 25.27 38.98 12.59 4. Brunei Darussalam 14.35 17.12 12.59
5. U.S. Virgin Islands 24.13 22.53 25.47 5. Marshall Islands 13.21 13.58 12.94
6. SVG* 23.27 24.1 22.39 6. Bahrain 13.1 12.77 13.41
7. Portugal 22.97 18.79 26.58 7. Czechia 12.76 14.18 11.43
8. Puerto Rico 22.81 20.6 24,73 8. Puerto Rico 12.31 12.89 11.92
9. Armenia 21.7 25.35 18.99 9. Mauritius 11.65 11.89 11.41
10. Suriname 21.17 22.96 19.42 10. Saint Lucia 11.57 11.6 11.52

*Saint Vincent and the Grenadines
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Chapter 7 Figures

Global Burden of Disease Super Regions

@ North Africa and the Middle East  Central Europe, Eastern Europe, and Central Asia @ Southeast Asia, East Asia, and Oceania
B High-income @ Sub-Saharan Africa @ Latin America and the Caribbean | South Asia

Source: World Bank Official Boundaries, IHME Global Burden of Disease Study

Figure 1: World map by Global Burden of Disease super region

Risk of bias domains

Domains: Judgement
D1: Bias due to confounding. )

D2: Bias due to selection of participants. . Serious
D3: Bias in classification of interventions. - Moderate
D4: Bias due to deviations from intended interventions.

D5: Bias due to missing data. . Low

D6: Bias in measurement of outcomes.
D7: Bias in selection of the reported result.

Figure 2: Traffic light plot of risk of ROBINS-I ratings for studies included in the
gastrointestinal infections analysis
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Figure 3: Traffic light plot for ROBINS-I for respiratory infection incidence
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D6: Bias in measurement of outcomes.
D7: Bias in selection of the reported result.

Figure 4: Traffic light plot of ROBINS-I results for respiratory infection mortality
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D5: Bias due to missing data. . Low

Dé: Bias in measurement of outcomes.
D7: Bias in selection of the reported result.

Figure 5: Traffic light plot of ROBINS-I results for urinary tract infections
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Age Standardized Percent Prevalence of Diabetes in 2019
0 P

Source: World Bank Official Boundaries

Figure 6: Age standardized prevalence of diabetes in each country in 2019
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Figure 8: Predicted trend in diabetes prevalence and corresponding PAF 1990-2045
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Past and Predicted Non-Attributable Urinary Tract Infection DALY's (Per 100,000)
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Figure 9: Trends in non-attributable infectious disease burden across regions and sex, 1990-
2045
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Breakdown of Gastrointestinal Infection DALY Attributed to Diabetes in Three Scenarios 1980-2045
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Figure 10a: Regional trends in historic and future diabetes-attributable disease burden for
gastrointestinal infections, 1990-2045
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Regional Breakdown of Urinary Tract Infection DALYs Attributed to Diabetes in Three Scenarios 1990-2045
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Figure 10b: Regional trends in historic and future diabetes-attributable disease burden for
selected infection diseases, 1990-2045
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Avoided DALY's from Gastrointestinal Infections Under Two Alternate Scenarios of Diabetes Control 2019-2045
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Avoided DALYs from Urinary Tract Infections Under Two Alternate Scenarios of Diabetes Control 2019-2045
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Figure 11b: Avoided DALY's under alternate scenarios of diabetes prevalence from 2019-
2045 for urinary tract infections
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Avoided DALYs from Respiratory Infections Under Two Alternate Scenarios of Diabetes Control 2019-2045
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Figure 11c: Avoided DALY under alternate scenarios of diabetes prevalence from 2019-
2045 for respiratory tract infections

43
doi:10.6342/NTU202303883



References

1 International Diabetes Federation. IDF Diabetes Atlas. Brussels, Belgium, 2021
https://www.diabetesatlas.org.

2 Schuster DP, Duvuuri V. Diabetes mellitus. Clin Podiatr Med Surg 2002; 19: 79-107.

3 Zheng Y, Ley SH, Hu FB. Global aetiology and epidemiology of type 2 diabetes
mellitus and its complications. Nat Rev Endocrinol 2018; 14: 88-98.

4 Casqueiro J, Casqueiro J, Alves C. Infections in patients with diabetes mellitus: A
review of pathogenesis. Indian J Endocrinol Metab 2012; 16: 27.

5 Fisher-Hoch SP, Mathews CE, McCormick JB. Obesity, diabetes and pneumonia: the
menacing interface of non-communicable and infectious diseases. Trop Med Int Health
2013; 18: 1510-9.

6 Saliba W, Nitzan O, Chazan B, Elias M. Urinary tract infections in patients with type 2
diabetes mellitus: review of prevalence, diagnosis, and management. Diabetes Metab
Syndr Obes Targets Ther 2015; 129.

7 Pearson-Stuttard J, Blundell S, Harris T, Cook DG, Critchley J. Diabetes and infection:
assessing the association with glycaemic control in population-based studies. Lancet
Diabetes Endocrinol 2016; 4: 148-58.

8 Carey IM, Critchley JA, DeWilde S, Harris T, Hosking FJ, Cook DG. Risk of Infection
in Type 1 and Type 2 Diabetes Compared With the General Population: A Matched
Cohort Study. Diabetes Care 2018; 41: 513-21.

9 Kim EJ, Ha KH, Kim DJ, Choi YH. Diabetes and the Risk of Infection: A National
Cohort Study. Diabetes Metab J 2019; 43: 804.

100sei Sekyere J. Candida auris: A systematic review and meta-analysis of current updates

44
doi:10.6342/NTU202303883


https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K

on an emerging multidrug-resistant pathogen. MicrobiologyOpen 2018; 7: e00578.

11 Carrillo-Larco RM, Anza-Ramirez C, Saal-Zapata G, et al. Type 2 diabetes mellitus and
antibiotic-resistant infections: a systematic review and meta-analysis. J Epidemiol
Community Health 2022; 76: 75-84.

12Brunetti VC, Ayele HT, Yu OHY, Ernst P, Filion KB. Type 2 diabetes mellitus and risk
of community-acquired pneumonia: a systematic review and meta-analysis of
observational studies. CMAJ Open 2021; 9: E62-70.

13Chowdhury S, Barai L, Afroze SR, et al. The Epidemiology of Melioidosis and Its
Association with Diabetes Mellitus: A Systematic Review and Meta-Analysis.
Pathogens 2022; 11: 149.

14Chang C-H, Wang J-L, Wu L-C, Chuang L-M, Lin H-H. Diabetes, Glycemic Control,
and Risk of Infection Morbidity and Mortality: A Cohort Study. Open Forum Infect Dis
2019; 6: 0fz358.

15The Emerging Risk Factors Collaboration. Diabetes Mellitus, Fasting Glucose, and Risk
of Cause-Specific Death. N Engl J Med 2011; 364: 829-41.

16 Abu-Ashour W, Twells L, Valcour J, et al. The association between diabetes mellitus
and incident infections: a systematic review and meta-analysis of observational studies.
BMJ Open Diabetes Res Care 2017; 5: e000336.

17Lau D, Eurich DT, Majumdar SR, Katz A, Johnson JA. Working-age adults with
diabetes experience greater susceptibility to seasonal influenza: a population-based
cohort study. Diabetologia 2014; 57: 690-8.

18Yang L, Nan H, Liang J, et al. Influenza vaccination in older people with diabetes and

their household contacts. Vaccine 2017; 35: 889-96.

45
doi:10.6342/NTU202303883


https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K

19Ruiz PLD, Bakken 1J, Haberg SE, et al. Higher frequency of hospitalization but lower
relative mortality for pandemic influenza in people with type 2 diabetes. J Intern Med
2020; 287: 78-86.

20 Verket M, Jacobsen M, Schutt K, Marx N, Miller-Wieland D. Influenza vaccination in
patients affected by diabetes. Eur Heart J Suppl J Eur Soc Cardiol 2023; 25: A36-41.

21Zens KD, Baroutsou V, Fehr JS, Lang P. Pneumococcal VVaccination Coverage and
Uptake Among Adults in Switzerland: A Nationwide Cross-Sectional Study of
Vaccination Records. Front Public Health 2022; 9: 759602.

22 Looijmans-Van Den Akker I, Verheij TIM, Buskens E, Nichol KL, Rutten GEHM, Hak
E. Clinical Effectiveness of First and Repeat Influenza Vaccination in Adult and Elderly
Diabetic Patients. Diabetes Care 2006; 29: 1771-6.

23Remschmidt C, Wichmann O, Harder T. Vaccines for the prevention of seasonal
influenza in patients with diabetes: systematic review and meta-analysis. BMC Med
2015; 13: 53.

24 Goeijenbier M, Van Sloten TT, Slobbe L, et al. Benefits of flu vaccination for persons
with diabetes mellitus: A review. Vaccine 2017; 35: 5095-101.

25Restivo V, Costantino C, Bono S, et al. Influenza vaccine effectiveness among high-risk
groups: A systematic literature review and meta-analysis of case-control and cohort
studies. Hum Vaccines Immunother 2018; 14: 724-35.

26Jiang C, Chen Q, Xie M. Smoking increases the risk of infectious diseases: A narrative
review. Tob Induc Dis 2020; 18. DOI:10.18332/tid/123845.

27 Lawrence H, Hunter A, Murray R, Lim WS, McKeever T. Cigarette smoking and the

occurrence of influenza — Systematic review. J Infect 2019; 79: 401-6.

46
doi:10.6342/NTU202303883


https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K

28Wallin HP, Gissler M, Korhonen PE, Ekblad MO. New insights into smoking and
urinary tract infections during pregnancy using pregnancy-pair design: A population-
based register study. Acta Obstet Gynecol Scand 2023; 102: 25-32.

29 Alnaif B, Drutz HP. The Association of Smoking with Vaginal Flora, Urinary Tract
Infection, Pelvic Floor Prolapse, and Post-Void Residual Volumes. J Low Genit Tract
Dis 2001; 5: 7-11.

30Clair C, Meigs JB, Rigotti NA. Smoking Behavior among US Adults with Diabetes or
Impaired Fasting Glucose. Am J Med 2013; 126: 541.e15-541.e18.

31Morton DJ, Garrett M, Reid J, Wingard DL. Current Smoking and Type 2 Diabetes
Among Patients in Selected Indian Health Service Clinics, 1998-2003. Am J Public
Health 2008; 98: 560-5.

32Schipf S, Schmidt CO, Alte D, et al. Smoking prevalence in Type 2 diabetes: results of
the Study of Health in Pomerania (SHIP) and the German National Health Interview and
Examination Survey (GNHIES). Diabet Med 2009; 26: 791-7.

33Shea KM, Edelsberg J, Weycker D, Farkouh RA, Strutton DR, Pelton SI. Rates of
Pneumococcal Disease in Adults With Chronic Medical Conditions. Open Forum Infect
Dis 2014; 1: ofu024.

34George C, Ducatman AM, Conway BN. Increased risk of respiratory diseases in adults
with Type 1 and Type 2 diabetes. Diabetes Res Clin Pract 2018; 142: 46-55.

35Lee KH, Lee HS. Hypertension and diabetes mellitus as risk factors for asthma in
Korean adults: the Sixth Korea National Health and Nutrition Examination Survey. Int
Health 2020; 12: 246-52.

36Zawada A, Moszak M, Skrzypczak D, Grzymistawski M. Gastrointestinal complications

47
doi:10.6342/NTU202303883


https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K

in patients with diabetes mellitus. Adv Clin Exp Med 2018; 27: 567—72.

37Ehrlich SF, Quesenberry CP, Van Den Eeden SK, Shan J, Ferrara A. Patients Diagnosed
With Diabetes Are at Increased Risk for Asthma, Chronic Obstructive Pulmonary
Disease, Pulmonary Fibrosis, and Pneumonia but Not Lung Cancer. Diabetes Care 2010;
33: 55-60.

38Huang J. Analysis of the Relationship between Helicobacter pylori Infection and
Diabetic Gastroparesis. Chin Med J (Engl) 2017; 130: 2680-5.

39Muller LMAJ, Gorter KJ, Hak E, et al. Increased Risk of Common Infections in Patients
with Type 1 and Type 2 Diabetes Mellitus. Clin Infect Dis 2005; 41: 281-8.

40Vos T, Allen C, Arora M, et al. Global, regional, and national incidence, prevalence, and
years lived with disability for 310 diseases and injuries, 1990-2015: a systematic
analysis for the Global Burden of Disease Study 2015. The Lancet 2016; 388: 1545-602.

41 Dunachie S, Chamnan P. The double burden of diabetes and global infection in low and
middle-income countries. Trans R Soc Trop Med Hyg 2019; 113: 56-64.

42 Critchley JA, Carey IM, Harris T, DeWilde S, Hosking FJ, Cook DG. Glycemic Control
and Risk of Infections Among People With Type 1 or Type 2 Diabetes in a Large
Primary Care Cohort Study. Diabetes Care 2018; 41: 2127-35.

43Knapp S. Diabetes and Infection: Is There a Link? - A Mini-Review. Gerontology 2013;
59: 99-104.

44 Awad SF, Critchley JA, Abu-Raddad LJ. Epidemiological impact of targeted
interventions for people with diabetes mellitus on tuberculosis transmission in India:
Modelling based predictions. Epidemics 2020; 30: 100381.

45 Awad SF, Huangfu P, Ayoub HH, et al. Forecasting the impact of diabetes mellitus on

48
doi:10.6342/NTU202303883


https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K

tuberculosis disease incidence and mortality in India. J Glob Health 2019; 9: 020415.

46Pan S-C, Ku C-C, Kao D, Ezzati M, Fang C-T, Lin H-H. Effect of diabetes on
tuberculosis control in 13 countries with high tuberculosis: a modelling study. Lancet
Diabetes Endocrinol 2015; 3: 323-30.

47 Awad SF, Critchley JA, Abu-Raddad LJ. Impact of diabetes mellitus on tuberculosis
epidemiology in Indonesia: A mathematical modeling analysis. Tuberculosis 2022; :
102164.

48Preedy VR, Watson RR. Handbook of disease burdens and quality of life measures. New
York: Springer, 2010.

49 Sterne JA, Herndn MA, Reeves BC, et al. ROBINS-I: a tool for assessing risk of bias in
non-randomised studies of interventions. BMJ 2016; : i14919.

50Guyatt G, Oxman AD, Akl EA, et al. GRADE guidelines: 1. Introduction—GRADE
evidence profiles and summary of findings tables. J Clin Epidemiol 2011; 64: 383-94.

51Borenstein M, Hedges LV, Higgins JPT, Rothstein HR. A basic introduction to fixed-
effect and random-effects models for meta-analysis. Res Synth Methods 2010; 1: 97—
111.

52 Dettori JR, Norvell DC, Chapman JR. Fixed-Effect vs Random-Effects Models for
Meta-Analysis: 3 Points to Consider. Glob Spine J 2022; 12: 1624-6.

53Shah BR, Hux JE. Quantifying the Risk of Infectious Diseases for People With Diabetes.
Diabetes Care 2003; 26: 510-3.

54 Global Burden of Disease Collaborative Network. Global Burden of Disease Study 2019
(GBD 2019) Results. 2020. https://vizhub.healthdata.org/gbd-results/.

55 United Nations, Department of Economic and Social Affairs, Population Division.

49
doi:10.6342/NTU202303883


https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K

World Population Prospects 2022, Online Edition. 2022. https://population.un.org/wpp/.

56 Ahmad OB, Boschi-Pinto C, Lopez AD, Murray CJ, Lozano R, Inoue M. Age
Standardization of Rates: A New WHO Standard. 2001.

57 Levine B. What does the population attributable fraction mean? Prev Chronic Dis 2007,
4: Al4,

58 Viechtbauer W, Cheung MW-L. Outlier and influence diagnostics for meta-analysis. Res
Synth Methods 2010; 1: 112-25.

59 Ameer MA, Foris LA, Mandiga P, Haseeb M. Spontaneous Bacterial Peritonitis. In:
StatPearls. Treasure Island (FL): StatPearls Publishing, 2023.
http://www.ncbi.nlm.nih.gov/books/NBK448208/ (accessed July 28, 2023).

60 Laroche M, Harding G. Primary and secondary peritonitis: An update. Eur J Clin
Microbiol Infect Dis 1998; 17: 542-50.

61 O’Connor HJ. The role of Helicobacter pylori in peptic ulcer disease. Scand J
Gastroenterol Suppl 1994; 201: 11-5.

62 Carr NJ. The pathology of acute appendicitis. Ann Diagn Pathol 2000; 4: 46-58.

63Bhangu A, Sgreide K, Di Saverio S, Assarsson JH, Drake FT. Acute appendicitis:
modern understanding of pathogenesis, diagnosis, and management. The Lancet 2015;
386: 1278-87.

64 Hine JL, De Lusignan S, Burleigh D, et al. Association between glycaemic control and
common infections in people with Type 2 diabetes: a cohort study. Diabet Med 2017;
34: 551-7.

65Hirji I, Guo Z, Andersson SW, Hammar N, Gomez-Caminero A. Incidence of urinary

tract infection among patients with type 2 diabetes in the UK General Practice Research

50
doi:10.6342/NTU202303883


https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K

Database (GPRD). J Diabetes Complications 2012; 26: 513-6.

66 Bragg F, Holmes MV, lona A, et al. Association Between Diabetes and Cause-Specific
Mortality in Rural and Urban Areas of China. JAMA 2017; 317: 280.

67Bragg F, Kuri-Morales P, Berumen J, et al. Diabetes and infectious disease mortality in
Mexico City. BMJ Open Diabetes Res Care 2023; 11: e003199.

68 Campbell PT, Newton CC, Patel AV, Jacobs EJ, Gapstur SM. Diabetes and Cause-
Specific Mortality in a Prospective Cohort of One Million U.S. Adults. Diabetes Care
2012; 35: 1835-44.

69Wang M, Muraki I, Liu K, et al. Diabetes and Mortality From Respiratory Diseases: The
Japan Collaborative Cohort Study. J Epidemiol 2020; 30: 457—63.

70Li S, Wang J, Zhang B, Li X, Liu Y. Diabetes Mellitus and Cause-Specific Mortality: A
Population-Based Study. Diabetes Metab J 2019; 43: 319.

71Wilkinson E. World Health Assembly ratifies first global diabetes targets. Lancet
Diabetes Endocrinol 2022; 10: 560.

72Cousin E, Duncan BB, Stein C, et al. Diabetes mortality and trends before 25 years of
age: an analysis of the Global Burden of Disease Study 2019. Lancet Diabetes
Endocrinol 2022; 10: 177-92.

73Kyu HH, Maddison ER, Henry NJ, et al. The global burden of tuberculosis: results from

the Global Burden of Disease Study 2015. Lancet Infect Dis 2018; 18: 261-84.

51
doi:10.6342/NTU202303883


https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K
https://www.zotero.org/google-docs/?JXJm7K

Appendices

Appendix 1: Summary Results of Included Studies

Appendix table 1: Summary of Included Results

Gastrointestinal infections

Study Country Operational diagnosis | Population | Population Unadjusted Adjusted estimate
method (exposed) | (unexposed) | estimate (95% CI) | (95% CI)
Abu-Ashour et al Primary care 1,779 11,066 OR: 0.96 (0.86- OR: 1.21 (1.07 -
2018? Canada surveillance database 1.06) 1.37)
Carey et al 2018" | United Primary care database | 96,630 191,822 NR IRR: 1.58 (1.50-
Kingdom (CPRD) 1.66)
Hine et al 2017¢ | United Primary care database | 34278 647330 NR OR: 1.37 (1.19 -
Kingdom (RCGP RSC) 1.57)
Canada Physician claim or 401,661 401,661 OR: 1.50 (1.46— NR
hospital discharge for 1.54)
Shah et al 2003 ¢ infection
Incident Respiratory Infections - All
Study Country Measurement Population | Population Unadjusted Adjusted estimate
(exposed) | (unexposed) | estimate (95% CI) | (95% CI)
Abu-Ashour et al Primary care 1,779 11,066 OR:0.84 (0.75—- |OR:1.30(1.13-
20182 Canada surveillance database 0.94) 1.48)
Hine et al 2017¢ | United Primary care database | 34,278 647,330 NR OR: 1.30 (1.26 —
Kingdom (RCGP RSC) 1.34)
Incident Respiratory Infections - Lower
Study Country Measurement Population | Population Unadjusted Adjusted estimate
(exposed) | (unexposed) | estimate (95% CI) | (95% CI)
Carey et al 20182 | United Primacy care database | 96,630 191,822 NR IRR: 1.59 (1.53-
— Pneumonia Kingdom 1.66)
Carey et al 2018 | United Primacy care database | 96,630 191,822 NR IRR: 1.24 (1.22-
— Lower Kingdom 1.26)
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respiratory tract
infection

Hine et al 2017°¢ - | United Primary care database | 34,278 647,330 NR OR: 1.38 (1.32 —
Bronchitis Kingdom (RCGP RSC) 1.44)
Hine et al 2017°¢ — | United Primary care database | 34,278 647,330 NR OR: 1.21 (1.02 -
Influenza-like Kingdom (RCGP RSC) 1.42)
IlIness
Hine et al 2017¢ - | United Primary care database | 34,278 647,330 NR OR: 143 (1.18 -
Pneumonia Kingdom (RCGP RSC) 1.74)
Muller et al 2005° | Netherlands | Primary Care registry | 6,712 18,811 NR OR: 1.30 (1.11 -
1.52)
Shah et al 2003¢ | Canada Health claims data 401,661 401,661 OR: 1.46 (1.42- NR
1.49)
Incident Respiratory Infections - Upper
Study Country Measurement Population | Population Unadjusted Adjusted estimate
(exposed) | (unexposed) | estimate (95% CI) | (95% CI)
Carey et al 20182 | United Primacy care database | 96,630 191,822 NR IRR: 1.02 (0.97-
— Sinusitis (acute) | Kingdom 1.07)
Carey et al 2018 | United Primacy care database | 96,630 191,822 NR IRR: 1.16 (1.13-
— Upper Kingdom 1.18)
respiratory tract
infection (other)
Hine et al 2017¢ | United Primary care database | 34,278 647,330 NR OR: 1.25(1.19-
Kingdom (RCGP RSC) 1.30)
Muller et al 2005° | Netherlands | Primary Care registry | 6,712 18,811 OR: 0.97 (0.87 - |OR:1.02 (0.91 -
1.09) 1.14)
Shah et al 2003¢ | Canada Health claims data 401,661 401,661 OR:1.18 (1.17- NR
1.19)
Respiratory Infection Mortality - All
Study Country Measurement Population | Population Unadjusted Adjusted estimate
(exposed) | (unexposed) | estimate (95% CI) | (95% CI)
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Li et al 2019f USA NHANES survey + 1,909 8,834 3.90 (2.16 - 7.03) | 3.56 (1.95-6.49)
mortality files
Bragg et al 20239 | Mexico Mexico City 22,493 108,504 NR 3.65 (3.19 - 4.18)
Prospective Study
cohort + electronic
death registry
Bragg et al 2017" | China China’s Disease 30,280 482,589 NR 2.47 (1.80 - 3.38)
Surveillance Points
system
Wang et al 2020' | Japan Japan Collaborative 2,983 92,073 NR 1.39 (1.10-1.76)
— Male Cohort Study
Wang et al 2020' | Japan Japan Collaborative 689 54,442 NR 2.30 (1.71-3.11)
- Female Cohort Study
Campbell et al USA Cancer Prevention 40,116 715,061 NR 1.64 (1.08 - 2.9)
2012 - Male Study-I1 (CPS-11)
Campbell et al USA Cancer Prevention 26,090 560,598 NR 1.58 (1.45-1.73)
2012 - Female Study-I1 (CPS-II)
Incident Urinary Tract Infections
Study Country Measurement Population | Population Unadjusted Adjusted estimate
(exposed) | (unexposed) | estimate (95% CI) | (95% CI)
Abu-Ashour et al | Canada Primary care 1,779 11,066 OR:1.10(0.94—- |OR:1.48(1.12-
2018? surveillance database 1.29) 1.75)
Carey et al 2018° | United Primacy care database | 96,630 191,822 NR IRR: 1.46(1.42-
Kingdom 1.49)
Hine et al 2017¢ | United Primary care database | 34,278 647,330 NR OR: 1.59 (1.50-
Kingdom (RCGP RSC) 1.69)
Hirji et al 2012 | United Primary care database | 135,920 135,920 OR: 157 (1.52- |OR:1.53 (1.46-
Kingdom (GPRD) 1.63) 1.59)
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a: Covariates included: Age, sex, smoking status, comorbidities (including nephropathy, neuropathy, retinopathy, coronary artery
disease, peripheral and cerebral vascular disease, heart failure, respiratory disease, dyslipidemia, fatty liver disease, obesity),
several medications including inhaled corticosteroids, and number of infections in the previous year

b: Covariates included: Age, sex, duration of diabetes, practice region, BMI, smoking status, and Index of Multiple Deprivation
(IMD) quintile**

c: Covariates included: Age, sex, socioeconomic status, smoking status and comorbidities (chronic kidney disease, asthma or
chronic obstructive pulmonary disease, previous stroke or transient ischemic attack, peripheral vascular disease and heart failure or
ischemic heart disease)

d: Shah et al 2003 reports crude rates from a cohort matched “1:1 for date of birth within 30 days, sex, region, and income quintile
by ecological attribution of neighborhood-level census data”

e: Covariates included: Age, sex, type of health insurance, and comorbidities (pulmonary disease, cardiovascular disease, peripheral
neuropathy, and neurologic disease)

f: Covariates include: sex, age, BMI, smoking status, and alcohol consumption

g: Covariates include: sex and age (5-year groups), geographic location (district), educational level, smoking status, alcohol
consumption, height, weight, and waist and hip circumference.

h: Covariates include: sex and age (5-year groups), education level, smoking status, alcohol consumption, physical activity, BMI,
and location

i: Covariates include: age, educational level, BMI, smoking status, alcohol consumption, physical activity, walking time, family
history of diabetes

J: Covariates include: age, educational level, BMI, smoking status, alcohol consumption, vegetable intake, red meat intake, physical
activity, and aspirin use

k: Covariates included: age, gender, study entry year, and past history of UTI

** Carey et al 2018 reported age-sex-location adjusted estimates and provided estimates with further adjustment, which were
available in their supplementary materials
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Appendix 2: ROBINS-I Detailed analysis for included outcomes
Appendix Table 2: ROBINS-I Assessment of Bias Results

Gastrointestinal Infections

Study Domain Rating Notes
Abu-Ashour et Confounding Serious | Confounding is expected. Rigorous sensitivity analysis was conducted on
al 2018 potential cofounding variables, but there may have been some adjustment for

intermediary conditions (e.g. chronic kidney disease) and use of missing
indicator for incomplete smoking status introduces an important source of bias.

Participant Moderate | Since diabetes diagnosis occurred before study initiation, survivorship bias is
Selection introduced if people with diabetes die before study inclusion. Authors
attempted to adjust for this by adjusting for number of infections in the year
prior to the study period.

Intervention Low Intervention groups clearly defined and recorded at start of intervention / study
Classification initialization.
Deviation from Low Low chance of deviation from the assigned group outside of usual practice (i.e.
intervention new diagnosis of diabetes) during the study window.
Missing data Serious | Complete case analysis on smoking status was not conducted, nor was smoking

status included in the final multivariate analysis or sensitivity analysis, so
between group differences are unclear for this confounder.
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Measurement of Moderate | Differences in practitioner diagnosis, frequency of regular appointments, or
outcomes patient care-seeking behaviors may influence outcome measurement. The study
attempted to account for care-seeking behaviors and diagnosis using number of
primary care visits in the year prior to the study. Differences between the two
groups did not reach statistical significance.
Reported result Moderate | There is evidence that analyses are consistent with the initial plan, without
indication that selection of reported analyses.
Overall Serious | Based on the handling of smoking data, the direction of bias may slightly favor
the experimental group, since smoking is tied to diabetes.
Study Domain Rating Notes
Carey et al Confounding Moderate | Appropriate statistical analysis (multivariate regression) and sensitivity
2018 analysis conducted.
Participant Moderate | Since diabetes diagnosis occurred before study initiation, survivorship bias is
Selection introduced but difficult to account for. Patients who were eligible but couldn’t
be matched were excluded, though sensitivity analysis showed no significant
differences if they were included.
Intervention Low Intervention groups clearly defined and recorded at start of intervention / study
Classification initialization. Sensitivity analysis regarding people who developed diabetes
during study period did not alter their findings.
Deviation from Low There is no evidence of deviation from standard practice of care or that this

intervention

would have any significant impact.
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Missing data Moderate | Analysis excluded included only those with complete data, with sensitivity
analysis on missing data showing no meaningful differences.

Measurement of Serious | Differences in practitioner diagnosis, frequency of regular appointments, or
outcomes patient care-seeking behaviors may influence outcome measurement.

Reported result Moderate | Their reported result was only adjusted for age-sex-location, however they
completed additional analysis which was available in the appendices that
adjusted for BMI and socioeconomic status, or comorbid conditions for whole
cohort analysis. While the results were not fully attenuated, and this may have
been a sensitivity analysis.

Overall Serious | Due to practitioner knowledge of intervention status that may have led to
differential diagnosis of outcomes, this direction of bias likely favors
experimental group.

Study Domain Rating Notes

Hine et al 2017 Confounding Moderate | While there was risk of confounding, appropriate statistical analysis
(multivariate logistic regression) and sensitivity analysis were conducted.
However, there was control potential post-intervention variables (i.e. chronic

kidney disease).
Participant Moderate | Since diabetes diagnosis occurred before study initiation, survivorship bias is
Selection introduced but difficult to account for. In a study of this size (over 500,000),

we anticipate the impact would not impart serious bias.

Intervention Low Intervention groups clearly defined and recorded at start of intervention / study
Classification initialization.
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Deviation from Low Low chance of deviation from the assigned group outside of usual practice (i.e.
intervention new diagnosis of diabetes) during the study window.
Missing data Moderate | Analysis included only those with complete data, with sensitivity analysis on
missing data showing no meaningful differences.
Measurement of Serious | A recognized limitation of the study — differences in practitioner diagnosis or
outcomes patient care-seeking behaviors may influence results, additionally diagnosis
may occur based on subjective judgment versus quantitative proof of disease.
Reported result Moderate | There is evidence that analyses are consistent with the initial plan, without
indication that selection of reported analyses.

Overall Serious | The direction of bias is difficult to predict since it revolves around societal
factors (e.g. care seeking behaviors or differential diagnostic behaviors across
practices) but may suggest bias favors experimental group.

Study Domain Rating Notes
Shah et al 2003 Confounding Serious | While there was matching for age-sex-region-socioeconomic status, there are
additional variables that are important to adjust for, including other comorbid
conditions like smoking or obesity that were not adjusted for.
Participant Serious | Since diabetes diagnosis occurred before study initiation, survivorship bias is
Selection introduced but difficult to account for. Also, some participants with diabetes

were excluded on the basis of no available matched pair, though the reasons for
this are unclear. Additionally, the impact of this exclusion was not explored.
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Intervention Low Intervention group was clearly defined for a specific time period preceding the
Classification study, and intervention status would not have been impacted by outcomes.
Deviation from Low There is nothing to indicate that diagnostic behavior did not reflect usual
intervention practice, or that there would be systemic deviation from intervention.
Missing data Low There is no evidence of missing data across groups
Measurement of Serious | Differences in practitioner diagnosis or patient care-seeking behaviors may
outcomes influence results, additionally diagnosis may occur based on subjective
judgment versus quantitative proof of disease.
Reported result Moderate | There is no indication of selection of the reported analysis and analysis seems
to follow a predetermined plan.

Overall Serious | Due to lack of adjustment for additional variables of concern as well as
excluded participants on a basis of matching without investigation of
meaningful differences between the matched and unmatched participants.
Direction of bias likely favors experimental due to lack of adjustment for
comorbidities and detection bias.

Urinary Tract Infections
Study Domain Rating Notes
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Abu-Ashour et al Confounding Moderate | Confounding is expected. Rigorous sensitivity analysis was
2018 conducted on potential cofounding variables, but there may
have been some adjustment for intermediary conditions (e.g.
chronic kidney disease). While a missing indicator was used for
smoking status, a link between smoking and UTIs is
inconclusive, so smoking is not considered a known confounder

for UTls.
Participant Moderate | Since diabetes diagnosis occurred before study initiation,
Selection survivorship bias is introduced if people with diabetes die

before study inclusion. Authors attempted to adjust for this by
adjusting for number of infections in the year prior to the study

period.
Intervention Low Intervention groups clearly defined and recorded at start of
Classification intervention / study initialization.
Deviation from Low Low chance of deviation from the assigned group outside of
intervention usual practice (i.e. new diagnosis of diabetes) during the study
window.
Missing data Low Data was reasonable complete, particularly for known
confounders.

Measurement of Moderate | Differences in practitioner diagnosis, frequency of regular
outcomes appointments, or patient care-seeking behaviors may influence

outcome measurement. The study attempted to account for care-

seeking behaviors and diagnosis using number of primary care
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visits in the year prior to the study. Differences between the two
groups did not reach statistical significance.

Reported result Moderate | There is evidence that analyses are consistent with the initial
plan, without indication that selection of reported analyses.
Specific subgroups of population not analyzed.

Overall Moderate | There is moderate risk of bias in this study due to probably
baseline confounding associated with non-randomized studies
and potential role of survivorship bias. However, there was
rigorous sensitivity testing. Bias is likely to favor experimental
due to survivorship bias.

Study Domain Rating Notes

Carey et al 2018 Confounding Moderate | Appropriate statistical analysis (multivariate regression) and
sensitivity analysis conducted.

Participant Moderate | Since diabetes diagnosis occurred before study initiation,
Selection survivorship bias is introduced but difficult to account for.
Patients who were eligible but couldn’t be matched were
excluded, though sensitivity analysis showed no significant
differences if they were included.

Intervention Low Intervention groups clearly defined and recorded at start of
Classification intervention / study initialization. Sensitivity analysis regarding
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people who developed diabetes during study period did not alter
their findings.

Deviation from Low There is no evidence of deviation from standard practice of care
intervention or that this would have any significant impact.
Missing data Moderate | Analysis excluded included only those with complete data, with

sensitivity analysis on missing data showing no meaningful
differences.

Measurement of Serious Differences in practitioner diagnosis, frequency of regular
outcomes appointments, or patient care-seeking behaviors may influence
outcome measurement.

Reported result Moderate | Their reported result was only adjusted for age-sex-location,
however they completed additional analysis which was
available in the appendices that adjusted for BMI and
socioeconomic status, or comorbid conditions for whole cohort
analysis. While the results were not fully attenuated, and this
may have been a sensitivity analysis.

Overall Serious Due to practitioner knowledge of intervention status that may
have led to differential diagnosis of outcomes. Direction of bias
likely favors experimental due to detection bias.

Study Domain Rating Notes
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Hine et al 2017 Confounding Moderate | While there was risk of confounding, appropriate statistical
analysis (multivariate logistic regression) and sensitivity
analysis were conducted. However, there was control potential
post-intervention variables (chronic kidney disease).

Participant Moderate | Since diabetes diagnosis occurred before study initiation,
Selection survivorship bias is introduced but difficult to account for. In a
study of this size (over 500,000), we anticipate the impact
would not impart serious bias.

Intervention Low Intervention groups clearly defined and recorded at start of
Classification intervention / study initialization.
Deviation from Low Low chance of deviation from the assigned group outside of
intervention usual practice (i.e. new diagnosis of diabetes) during the study
window.
Missing data Moderate | Analysis included only those with complete data, with

sensitivity analysis on missing data showing no meaningful
differences.

Measurement of Serious A recognized limitation of the study — differences in
outcomes practitioner diagnosis or patient care-seeking behaviors may
influence results

Reported result Moderate | There is evidence that analyses are consistent with the initial
plan, without indication that selection of reported analyses.
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Overall Serious The direction of bias is difficult to predict since it revolves
around societal factors (e.g. care seeking behaviors or
differential diagnostic behaviors across practices) but may
suggest bias favors experimental group.

Study Domain Rating Notes

Muller et al 2005 Confounding Serious Multivariate analysis was used to address potential confounders
including age, sex, socioeconomic status, and some comorbid
conditions. However, this study neglected to control for several
key confounding variables, including obesity.

Participant Serious Only people who had a physician contact over a 1-year period
Selection were included in the study, but this does not account for
increased likelihood of people with diabetes to have physician
contacts for routine management, or people are more likely to
have physician contact if they have a disease concern.
Additionally, due to the potential period of time between
diagnosis and study initiation, there is also survivorship bias.

Intervention Low Intervention groups are clearly defined, with little room for
Classification misclassification.
Deviation from Moderate | Those enrolled in the study report an average of 9 visits for
intervention people with diabetes and 7 visits for control subjects — which

was reported as non-significant difference, but is greater than
the 4 that would be recommended by Dutch primary care. This
application of co-intervention may introduce case-finding bias.
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Missing data Low No evidence of missing data, particularly missing data being
different across groups

Measurement of Serious Diagnosis of infection was subject to practitioner bias,

outcomes particularly since they are aware of the intervention status of the
patient. This study tracked practitioner-patient interactions to
control for increased case-finding and care-seeking, with some
differences between patients with type 2 diabetes and the
control patients (9 vs 7).

Reported result Low Additionally, non-significant results are reported and discussed,
without attempt to include additional statistical analysis to reach
significance.

Overall Serious The direction of bias is unclear, since the different confounders

that were not adjusted for may have different impacts (e.g.
obesity + diabetes may increase risk, while increased
vaccination in people with diabetes may decrease risk)

Study Domain Rating Notes

Shah et al 2003 Confounding Serious While there was matching for age-sex-region-socioeconomic
status, there are additional variables that are important to adjust
for, including other comorbid conditions like obesity that were
not adjusted for.
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Participant Serious Since diabetes diagnosis occurred before study initiation,
Selection survivorship bias is introduced but difficult to account for. Also,
some participants with diabetes were excluded on the basis of
no available matched pair, though the reasons for this are
unclear. Additionally, the impact of this exclusion was not
explored.
Intervention Low Intervention group was clearly defined for a specific time
Classification period preceding the study, and intervention status would not
have been impacted by outcomes.
Deviation from Low There is nothing to indicate that diagnostic behavior did not
intervention reflect usual practice, or that there would be systemic deviation
from intervention.
Missing data Low There is no evidence of missing data across groups
Measurement of Serious Differences in practitioner diagnosis or patient care-seeking
outcomes behaviors may influence results, diagnosis or treatment for
UTlIs in people with diabetes may occur based on subjective
judgment versus quantitative proof of disease.
Reported result Moderate | There is no indication of selection of the reported analysis and
analysis seems to follow a predetermined plan.
Overall Serious Due to lack of adjustment for additional variables of concern as

well as excluded participants on a basis of matching without
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investigation of meaningful differences between the matched
and unmatched participants.

Study Domain Rating Notes

Hirji et al 2012 Confounding Serious While there was matching for age, gender and index year, there
was no adjustment for other confounders like comorbid
conditions (e.g. obesity). They include previous UTI incidence
as a confounder, since some evidence suggests that one UTI
increases the risk of another

Participant Moderate | Since diabetes diagnosis occurred before study initiation,
Selection survivorship bias is introduced but difficult to account for.
However, in a study of this size, we might anticipate that impact
to be low.
Intervention Low Intervention group was clearly defined for a specific time
Classification period preceding the study, and based on the measurement of
intervention status, it would not have been impacted by the
outcome.
Deviation from Low There is no indication that clinical practice differed from
intervention standard practice.
Missing data Low There is no evidence of missing data across groups
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Measurement of Serious Differences in practitioner diagnosis or patient care-seeking

outcomes behaviors may influence results, diagnosis or treatment for
UTlIs in people with diabetes may occur based on judgments
influenced by knowledge of intervention status.

Reported result Moderate | Analysis seems to follow a predetermined plan, and all
indicated analyses are reported. Included appropriate sensitivity
analysis.

Overall Serious Due to lack of adjustment for additional confounders like
comorbid conditions, as well as the potential for knowledge of
the intervention to influence outcome measurement (particularly
in the case of detection bias).

Respiratory Tract Infections - All

Study Domain Rating Notes
Abu-Ashour et Confounding Serious Confounding is expected. Rigorous sensitivity analysis was
al 2018 conducted on potential cofounding variables, but there may

have been some adjustment for intermediary conditions (e.g.
chronic kidney disease) and use of missing indicator for
incomplete smoking status introduces an important source of

bias.
Participant Moderate Since diabetes diagnosis occurred before study initiation,
Selection survivorship bias is introduced if people with diabetes die

before study inclusion. Authors attempted to adjust for this by
adjusting for number of infections in the year prior to the study
period.
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Intervention Low Intervention groups clearly defined and recorded at start of

Classification intervention / study initialization.

Deviation from Low Low chance of deviation from the assigned group outside of
intervention usual practice (i.e. new diagnosis of diabetes) during the study
window.

Missing data Serious Complete case analysis on smoking status was not conducted,
nor was smoking status included in the final multivariate
analysis or sensitivity analysis, so between group differences
are unclear for this confounder and lead to serious risk of bias.

Measurement of Moderate Differences in practitioner diagnosis, frequency of regular
outcomes appointments, or patient care-seeking behaviors may influence
outcome measurement. The study attempted to account for care-
seeking behaviors and diagnosis using number of primary care
visits in the year prior to the study. Differences between the two
groups did not reach statistical significance.
Reported result Moderate There is evidence that analyses are consistent with the initial
plan, without indication that selection of reported analyses.
Overall Serious Based on the handling of smoking data, the direction of bias
may slightly favor the experimental group, since smoking is tied
to diabetes.
Incident Respiratory Infections — Lower
Study Domain Rating Notes
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Carey et al Confounding Serious Appropriate statistical analysis (multivariate regression) and
2018 sensitivity analysis conducted. No consideration of key
comorbid conditions (e.g. respiratory diseases) potential
differential vaccination rates (e.g. if vaccination against
respiratory infections occurs more often in people with

diabetes).
Participant Moderate Since diabetes diagnosis occurred before study initiation,
Selection survivorship bias is introduced but difficult to account for.

Patients who were eligible but couldn’t be matched were
excluded, though sensitivity analysis showed no significant
differences if they were included.

Intervention Low Intervention groups clearly defined and recorded at start of
Classification intervention / study initialization. Sensitivity analysis regarding
people who developed diabetes during study period did not alter
their findings.

Deviation from Low There is no evidence of deviation from standard practice of care
intervention or that this would have any significant impact.
Missing data Moderate Analysis excluded included only those with complete data, with

sensitivity analysis on missing data showing no meaningful
differences.

Measurement of Serious Differences in practitioner diagnosis, frequency of regular
outcomes appointments, or patient care-seeking behaviors may influence
outcome measurement.
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Reported result Moderate Their reported result was only adjusted for age-sex-location,
however they completed additional analysis which was
available in the appendices that adjusted for BMI and
socioeconomic status, or comorbid conditions for whole cohort
analysis. While the results were not fully attenuated, and this
may have been a sensitivity analysis.

Overall Serious Due to concerns over lack of adjustment for vaccination rates
and other comorbid conditions like respiratory diseases.

Study Domain Rating Notes

Hine et al 2017 Confounding Serious While there was risk of confounding, appropriate statistical
analysis (multivariate logistic regression) and sensitivity
analysis a conducted. However, there was control potential
post-intervention variables (chronic kidney disease) and no
consideration of potential differential vaccination rates (e.g. if
vaccination against respiratory infections occurs more often in
people with diabetes)

Participant Moderate Since diabetes diagnosis occurred before study initiation,
Selection survivorship bias is introduced but difficult to account for. In a
study of this size (over 500,000), we anticipate the impact
would not impart serious bias.

Intervention Low Intervention groups clearly defined and recorded at start of
Classification intervention / study initialization.
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Deviation from Low Low chance of deviation from the assigned group outside of
intervention usual practice (i.e. new diagnosis of diabetes) during the study
window.

Missing data Moderate Analysis included only those with complete data, with
sensitivity analysis on missing data showing no meaningful
differences.

Measurement of Serious A recognized limitation of the study — differences in
outcomes practitioner diagnosis or patient care-seeking behaviors may
influence results
Reported result Moderate There is evidence that analyses are consistent with the initial
plan, without indication that selection of reported analyses.
Overall Serious The direction of bias is difficult to predict since it revolves
around societal factors (e.g. care seeking behaviors or
differential diagnostic behaviors across practices) but may
suggest bias favors experimental group.
Study Domain Rating Notes
Muller et al Confounding Serious Multivariate analysis was used to address potential confounders
2005 including age, sex, socioeconomic status, and comorbid

conditions. However, this study neglected to control for several
key confounding variables, including obesity, vaccination, and
smoking.
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Participant Serious Only people who had a physician contact over a 1-year period
Selection were included in the study, but this does not account for
increased likelihood of people with diabetes to have physician
contacts for routine management, or people are more likely to
have physician contact if they have a disease concern.
Additionally, due to the potential period of time between
diagnosis and study initiation, there is also survivorship bias.

Intervention Low Intervention groups are clearly defined, with little room for
Classification misclassification.
Deviation from Moderate Those enrolled in the study report an average of 9 visits for
intervention people with diabetes and 7 visits for control subjects — which

was reported as non-significant difference, but is greater than
the 4 that would be recommended by Dutch primary care. This
application of co-intervention may introduce case-finding bias.

Missing data Low No evidence of missing data, particularly missing data being
different across groups

Measurement of Serious Diagnosis of infection was subject to practitioner bias,

outcomes particularly since they are aware of the intervention status of the
patient. This study tracked practitioner-patient interactions to
control for increased case-finding and care-seeking, with some
differences between patients with type 2 diabetes and the
control patients (9 vs 7).
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Reported result Low Additionally, non-significant results are reported and discussed,
without attempt to include additional statistical analysis to reach
significance.

Overall Serious The direction of bias is unclear, since the different confounders
that were not adjusted for may have different impacts (e.g.
obesity + diabetes may increase risk, while increased
vaccination in people with diabetes may decrease risk)

Study Domain Rating Notes

Shah et al 2003 Confounding Serious While there was matching for age-sex-region-socioeconomic
status, there are additional variables that are important to adjust
for, including other comorbid conditions like smoking or
obesity that were not adjusted for.

Participant Serious Since diabetes diagnosis occurred before study initiation,
Selection survivorship bias is introduced but difficult to account for. Also,
some participants with diabetes were excluded on the basis of
no available matched pair, though the reasons for this are
unclear. Additionally, the impact of this exclusion was not

explored.
Intervention Low Intervention group was clearly defined for a specific time
Classification period preceding the study, and intervention status would not

have been impacted by outcomes.
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Deviation from Low There is nothing to indicate that diagnostic behavior did not
intervention reflect usual practice, or that there would be systemic deviation
from intervention.
Missing data Low There is no evidence of missing data across groups
Measurement of Serious Differences in practitioner diagnosis or patient care-seeking
outcomes behaviors may influence results, additionally diagnosis may
occur based on subjective judgment versus quantitative proof of
disease.
Reported result Moderate There is no indication of selection of the reported analysis and
analysis seems to follow a predetermined plan.

Overall Serious Due to lack of adjustment for additional variables of concern as
well as excluded participants on a basis of matching without
investigation of meaningful differences between the matched
and unmatched participants.

Incident Respiratory Infection - Upper
Study Domain Rating Notes
Carey et al Confounding Serious Appropriate statistical analysis (multivariate regression) and
2018 sensitivity analysis conducted. No consideration of key

comorbid conditions (e.g. respiratory diseases).
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Participant Moderate Since diabetes diagnosis occurred before study initiation,
Selection survivorship bias is introduced but difficult to account for.
Patients who were eligible but couldn’t be matched were
excluded, though sensitivity analysis showed no significant
differences if they were included.

Intervention Low Intervention groups clearly defined and recorded at start of
Classification intervention / study initialization. Sensitivity analysis regarding
people who developed diabetes during study period did not alter
their findings.

Deviation from Low There is no evidence of deviation from standard practice of care
intervention or that this would have any significant impact.
Missing data Moderate Analysis excluded included only those with complete data, with

sensitivity analysis on missing data showing no meaningful
differences.

Measurement of Serious Differences in practitioner diagnosis, frequency of regular
outcomes appointments, or patient care-seeking behaviors may influence
outcome measurement.

Reported result Moderate Their reported result was only adjusted for age-sex-location,
however they completed additional analysis which was
available in the appendices that adjusted for BMI and
socioeconomic status, or comorbid conditions for whole cohort
analysis. While the results were not fully attenuated, and this
may have been a sensitivity analysis.
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Overall Serious Due to concerns over lack of adjustment for vaccination rates
and other comorbid conditions like respiratory diseases.
Direction of bias likely favors the comparator group, although
direction and magnitude is unclear since some neglected
confounders may result in differential direction of bias.

Study Domain Rating Notes

Confounding Serious Multivariate analysis was used to address potential confounders
including age, sex, socioeconomic status, and comorbid
conditions. However, this study neglected to control for several
key confounding variables, including obesity, vaccination, and

smoking.
Participant Serious Only people who had a physician contact over a 1-year period
Selection were included in the study, but this does not account for

increased likelihood of people with diabetes to have physician
contacts for routine management, or people are more likely to
have physician contact if they have a disease concern.
Additionally, due to the potential period of time between
diagnosis and study initiation, there is also survivorship bias.

Muller et al
2005
Intervention Low Intervention groups are clearly defined, with little room for
Classification misclassification.
Deviation from Moderate Those enrolled in the study report an average of 9 visits for
intervention people with diabetes and 7 visits for control subjects — which

was reported as non-significant difference, but is greater than
the 4 that would be recommended by Dutch primary care. This
application of co-intervention may introduce case-finding bias.
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Missing data Low No evidence of missing data, particularly missing data being
different across groups

Measurement of Serious Diagnosis of infection was subject to practitioner bias,

outcomes particularly since they are aware of the intervention status of the
patient. This study tracked practitioner-patient interactions to
control for increased case-finding and care-seeking, with some
differences between patients with type 2 diabetes and the
control patients (9 vs 7).

Reported result Low Additionally, non-significant results are reported and discussed,
without attempt to include additional statistical analysis to reach
significance.

Overall Serious The direction of bias is unclear, since the different confounders

that were not adjusted for may have different impacts (e.g.
obesity + diabetes may increase risk, while increased
vaccination in people with diabetes may decrease risk)

Study Domain Rating Notes

Hine et al 2017 Confounding Moderate While there was risk of confounding, appropriate statistical
analysis (multivariate logistic regression) and sensitivity
analysis a conducted. However, there was control potential
post-intervention variables (chronic kidney disease). While this
study does not account for vaccination, routine vaccination for
upper respiratory infections is not standard.
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Participant Moderate Since diabetes diagnosis occurred before study initiation,
Selection survivorship bias is introduced but difficult to account for. In a
study of this size (over 500,000), we anticipate the impact
would not impart serious bias.

Intervention Low Intervention groups clearly defined and recorded at start of
Classification intervention / study initialization.
Deviation from Low Low chance of deviation from the assigned group outside of
intervention usual practice (i.e. new diagnosis of diabetes) during the study
window.
Missing data Moderate Analysis included only those with complete data, with

sensitivity analysis on missing data showing no meaningful
differences.

Measurement of Serious A recognized limitation of the study — differences in
outcomes practitioner diagnosis or patient care-seeking behaviors may
influence results

Reported result Moderate There is evidence that analyses are consistent with the initial
plan, without indication that selection of reported analyses.

Overall Serious The direction of bias is difficult to predict since it revolves
around societal factors (e.g. care seeking behaviors or
differential diagnostic behaviors across practices) but may
suggest bias favors experimental group.
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Study Domain Rating Notes

Shah et al 2003 Confounding Serious While there was matching for age-sex-region-socioeconomic
status, there are additional variables that are important to adjust
for, including other comorbid conditions like smoking or
obesity that were not adjusted for.

Participant Serious Since diabetes diagnosis occurred before study initiation,
Selection survivorship bias is introduced but difficult to account for. Also,
some participants with diabetes were excluded on the basis of
no available matched pair, though the reasons for this are
unclear. The impact of excluding unmatched patients was not

explored.
Intervention Low Intervention group was clearly defined for a specific time
Classification period preceding the study, and intervention status would not

have been impacted by outcomes.

Deviation from Low There is nothing to indicate that diagnostic behavior did not
intervention reflect usual practice, or that there would be systemic deviation
from intervention.

Missing data Low There is no evidence of missing data across groups
Measurement of Serious Differences in practitioner diagnosis or patient care-seeking
outcomes behaviors may influence results, additionally diagnosis may
occur based on subjective judgment versus quantitative proof of
disease.
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Reported result

Moderate

There is no indication of selection of the reported analysis and
analysis seems to follow a predetermined plan.

Overall

Serious

Due to lack of adjustment for additional variables of concern
(smoking and obesity would lead to bias toward the
experimental group) as well as excluded participants on a basis
of matching without investigation of meaningful differences
between the matched and unmatched participants.

Respiratory Infection Mortality

Study

Domain

Rating

Notes

Li et al 2019

Confounding

Serious

While there was matching based on a number of important
confounders, including other respiratory disease and
vaccination were missing.

Participant
Selection

Serious

There’s an unknown amount of time between diagnosis
(intervention) and the start of the study, which could lead to
survivorship bias. It’s also not clear whether the rate ratio is
held constant over time or if it also increases with age.

Intervention
Classification

Low

There is little chance for misclassification of outcomes, and the
groups are clearly defined at the start. Those who are
ambiguous are excluded, although new research al f so means to
include this group.
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Deviation from Low There’s no indication that any of the participants would have

intervention received treatment that deviated from standard clinical
procedure.

Missing data Low Missing data was identified and underwent sensitivity analysis
to determine whether it different significantly from the observed
data.

Measurement of Low Measurement of death due to infectious cause is unlikely to be

outcomes strongly influenced by knowledge of the people’s intervention
status.

Reported result Moderate Data analysis is consistent with the described methods, results

are reported regardless of significance

Overall Serious This study neglects to address a number of important
confounding variables, including obesity and vaccination status,
but the direction of bias is unclear as vaccination is suggested to
be higher in a population with diabetes, which would suggest
bias toward the null, while lack of adjustment for BMI would
bias it toward the experimental in this population.

Study Domain Rating Notes
Bragg et al Confounding Serious Adjustment was done for some relevant confounders, but major
2023 confounders like pre-existing respiratory disease and

vaccination rate was neglected
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Participant
Selection

Moderate

There’s a varying amount of time between diagnosis
(intervention) and the start of the study, which could lead to
survivorship bias. However, it’s thought that, given the large
sample size, this may be relatively small percentage of the

population

Intervention Low The intervention group criteria were clearly defined in the

Classification beginning with specific guidelines, and group assignment is
unlikely to be tied with the outcome.

Deviation from Low There’s no indication that any of the participants would have
intervention received treatment that deviated from standard clinical
procedure, though their participation in this study may have led
to their diagnosis of unknown diabetes sooner. However,
systematic differences in level of care are unlikely.

Missing data Low This study was missing 4.5% of its initial study population due
to missing information on covariates. This might be considered
reasonably complete.

Measurement of Low Measurement of death due to infectious cause is unlikely to be
outcomes strongly influenced by knowledge of the participant’s
intervention status, particularly since death registry was used as
a data source.
Reported result Moderate Results seem soundly generated without attempts to generate

biased results or subgroups.
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Overall Serious This is primarily driven by lack of adjustment for vaccination
and survivorship bias in participant selection. The direction of
bias is likely slightly toward comparator on the basis of

vaccination.
Study Domain Rating Notes
Wang et al Confounding Serious Adjustment was done for some relevant confounders, but major
2020 confounders like pre-existing respiratory disease and

vaccination rate were neglected (respiratory disease was also an
outcome in this story)

Participant Moderate Since diabetes diagnosis occurred before study initiation,
Selection survivorship bias is introduced but difficult to account for.
Patients who were eligible but couldn’t be matched were
excluded, though sensitivity analysis showed no significant
differences if they were included.

Intervention Low The intervention group criteria were clearly defined in the
Classification beginning with specific guidelines, and group assignment is
unlikely to be tied with the outcome.

Deviation from Low There’s no indication that any of the participants would have

intervention received treatment that deviated from standard clinical
procedure, though their participation in this study may have led
to their diagnosis of unknown diabetes sooner. However,
systematic differences in level of care are unlikely.

85
doi:10.6342/NTU202303883



Missing data Serious Those without an intervention status (missing diabetes status) at
baseline were excluded, which constituted 15,529 (~14%). It’s
hard to predict the direction of this and to adjust for who would
be missing intervention status.

Measurement of Low Measurement of death due to infectious cause is unlikely to be
outcomes strongly influenced by knowledge of the participant’s
intervention status, particularly since death registry was used as
data source.
Reported result Moderate Results seem soundly generated without attempts to generate

biased results or subgroups.

Overall Serious This is primarily driven by lack of adjustment for vaccination
and survivorship bias in participant selection, as well as high
proportion of missing data due to intervention status without
ability to properly adjust for it.

Study Domain Rating Notes
Bragg et al Confounding Serious Adjustment was done for some relevant confounders, but key
2017 ones such as respiratory disease/asthma and vaccination rate

were neglected

Participant Moderate There’s a varying amount of time between diagnosis
Selection (intervention) and the start of the study, which could lead to
survivorship bias. However, in a study of this size, the
proportion of cases may be negligible.
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Intervention Low The intervention group criteria were clearly defined in the
Classification beginning with specific guidelines, and group assignment is
unlikely to be tied with the outcome.
Deviation from Low There’s no indication that any of the participants would have
intervention received treatment that deviated from standard clinical
procedure, though their participation in this study may have led
to their diagnosis of unknown diabetes sooner. However,
systematic differences in level of care are unlikely.
Missing data Low This study was missing (n = 22) for data, which is negligible
from a population of over 500,000.
Measurement of Low Measurement of death due to infectious cause is unlikely to be
outcomes strongly influenced by knowledge of the participant’s
intervention status, particularly since death registry was used as
data source. <5% did not have official medical death records, so
these were ascertained by other standardized procedures.
Reported result Moderate Results seem soundly generated without attempts to generate
biased results or subgroups.

Overall Serious This is primarily driven by lack of adjustment for vaccination
and other key confounders. The direction of bias is likely
slightly toward experimental on the basis of comorbid
conditions, given the study population showed more comorbid
conditions in the diabetes group.

Study Domain Rating Notes
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Campbell et al Confounding Serious Adjustment was done for some relevant confounders, but major
2012 confounders like pre-existing respiratory disease and
vaccination rate were neglected

Participant Moderate There’s a varying amount of time between diagnosis
Selection (intervention) and the start of the study, which could lead to
survivorship bias. However, in a study of this size, the
proportion of cases may be negligible.

Intervention Low The intervention group criteria were clearly defined in the
Classification beginning with specific guidelines, and group assignment is
unlikely to be tied with the outcome.

Deviation from Low There’s no indication that any of the participants would have

intervention received treatment that deviated from standard clinical
procedure, though their participation in this study may have led
to their diagnosis of unknown diabetes sooner. However,
systematic differences in level of care are unlikely.

Missing data Moderate About 11% of participants were excluded for some reason, but
the most common was missing data. No sensitivity analysis was
done to determine if there were significant differences between
the included and excluded groups.

Measurement of Low Measurement of death due to infectious cause is unlikely to be
outcomes strongly influenced by knowledge of the people’s intervention
status.
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Reported result Moderate Results seem soundly generated without attempts to generate
biased results or subgroups.
Overall Serious This is primarily driven by lack of adjustment for key
confounders.
89

doi:10.6342/NTU202303883



Appendix 3: ICD Codes from Select Gastrointestinal Studies

Gastrointestinal Infections

Source Definition ICD Codes
Abu-Ashour Salmonella ICD-9: 003, 005
etal 2018  Shigellosis ICD-9: 004
Amebiasis ICD-9: 006
Gastroenteritis ICD-9: 009.0, 009.1
Ulcer ICD-9: 531-535
Appendicitis ICD-9: 540-543
Peritonitis ICD-9: 567
Carey etal Cholera ICD-10: A0O
2018 Typhoid and paratyphoid fevers ICD-10: A0l
Other salmonella infections ICD-10: A02.0, A02.2
Shigellosis ICD-10: A03
Other bacterial intestinal infections  ICD-10: A04
Other bacterial foodborne ICD-10: AO5
intoxications, not elsewhere classified
Amebiasis ICD-10: AO6
Other protozoal intestinal diseases ICD-10: A07
Viral and other specified intestinal ICD-10: A08
infections
Infectious gastroenteritis and colitis, 1CD-10: A09

unspecified
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Corresponding GBD Cause List

Invasive Non-typhoidal Salmonella (iNTS) / Diarrheal diseases

Diarrheal diseases
Diarrheal diseases
Diarrheal diseases
Peptic ulcer disease
Appendicitis

Other digestive diseases
Diarrheal diseases
Typhoid fever / Paratyphoid fever
Diarrheal diseases
Diarrheal diseases
Diarrheal diseases
Diarrheal diseases

Diarrheal diseases
Diarrheal diseases

Diarrheal diseases

Diarrheal diseases
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Appendix 4: Pooling results and forest plots

Carey et al 2018 - Sinusitus —_— 16.30% 1.02[0.97, 1.07]
Carey et al 2014 - Upper respiratory infection —— 83.70% 1.16[1.14,1.18]
FE Model —— 100% 1.14[1.12,1.16]

| | | | 1 |
095 1 105 11 115 12

Pooled Results of Carey et al 2018, Upper Respiratory Infections

Carey et al 2018- Lower respiratory infection 86.47% 1.24[1.22 1.26]
Carey et al 2018 - Pneumonia —— 13.53% 1.59[1.55, 1.63]
FE Model - 100% 1.281[1.27,1.30]

| | T . | 1
12 13 14 15 16 17

Pooled Results of Carey et al 2018, Lower Respiratory Infections

Carey et al 25[)1 8- Lower respiratory infection | 5495% 124122 1.26]
Carey et al 2018 - Pneumonia —_— 8.60% 1.59[1.55,1.63]
Carey et al 2018 - Sinusitus —— 594% 1.02[0.97,1.07]
Carey et al 2014 - Upper respiratory infection - 3051% 1.16[1.14,1.18]
FE Model - 100% 1.23[1.22,1.24]
T T T T T 1
08 1 1.2 14 16 18
Paooled Results of Carey et al 2018
Shah et al 2003 (upper) ] 88.96% 118[117,1.19]
Shah et al 2003 (lower) —— 11.04% 1.46[1.44, 1.48]
FE Model - 100% 1.21[1.20,1.22]
[ I I I |
11 12 13 14 15
Pooled Results of Shah et al 2003
Mulleriet al 2005 (upper) —a— 66.06% 1.02[0.91,1.13]
Muller;et al 2005 (lower) — 33.94% 1.31[1.15, 1.47]
FE Madel — 100% 1.11[1.02, 1.20]

09 11 13 15
Pooled Results of Muller et al 2005
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Hine et al 2017 (Bronchitis) -y 89.34% 1.38[1.34,1.42]

Hine et al 2017 (Inflluenza-like illness) +————— 6.18% 1.21[1.04,1.38]
Hife et al 2017 (Pneumonia) e 448% 143[124,162]
FE Model - 100% 1.37[1.33,1.41]

| | | | |
1 12 14 16 18

Pooled Results of Hine et al 2017

Weight Weight

Study TE SE(TE) 95%-Cl (common) (random)
Campbelletal 2012 -Male 16400 1.2866 —i'— 164 [1.00;2.69] 31% 31%
Campbell et al 2012 - Female 1.5800 1.0461 | 1.58 [1.45;1.73] 96.9% 96.9%
|
Common effect model <I> 1.58 [1.45;1.73] 100.0% -
Random effects model : : | < | 1.58 [1.45; 1.73] - 100.0%
i i 2 1 0 1 2
Heterogeneity: I© = 0%, t* =0, p = 0.88 Campbell Infection Mortality
Weight Weight
Study TE SE(TE) 95%-Cl (common) (random)
Wang etal 2020 - Male  1.3900 1.1274 —'—:* 1.39 [1.10;1.76] 61.8% 51.8%
Wang et al 2020 - Female 23000 1.1648 :L*'— 230 [1.71;3.10] 38.2% 48 2%
Common effect model < 1.68 [1.40;2.03] 100.0% -
Random effects model {lﬁ} 1.77 [1.08; 2.90] - 100.0%

i i 3 2 1 0 1 2 3
Heterogeneity: /- = 85%, v~ = 0.1080, p < 0.01 Wang Infection Mortality
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Study

Carey et al 2018
Abu-Ashour et al 2018
Shah et al 2003

Hine et al 2017

Muller et al 2005

Common effect model
Random effects model
Prediction interval

Heterogeneity: I = 87%, ©° = 0.0022, p < 0.01

Study

Carey et al 2018
Muller et al 2005
Shah et al 2003
Hine et al 2017

Common effect model
Random effects model
Prediction interval

TE SE(TE)

1.2300
1.3000
1.2100
1.3000
1.1100

1.0042
1.0713
1.0042
1.0158
1.0423

TE SE(TE)

1.1400
1.0200
1.1800
1.2500

1.0090
1.0592
1.0043
1.0228

-1.5

-1 05 0 05 1
All Respiratory Infections

I

I

1
&

-

{
i
4
i
H
H
i
&

95%-Cl

U123 [122:124]
+— 130 [1.14;149]
121 [1.20;1.22]
]
]

1
|+

1.30 [1.26;1.34

|
- 111 [1.02;1.20

1.22 [1.22; 1.23]
1.23 [1.17; 1.29]
[1.04; 1.45]

95%-Cl

114 [1.12:116
1.02 [0.91:1.14
118 [1.17:119

:

1.25 [1.20;1.31

1

[ i it

1.17 [1.16; 1.18]
1.16 [1.08; 1.24]
[0.85; 1.58]

I I I
-1 05 0 05 1

|
15

Heterogeneity: I© = 88%, t° = 0.0039, p < 0.01 Upper Respiratory Infections

Study

Carey et al 2018
Muller et al 2005
Shah et al 2003
Hine et al 2017

Common effect model
Random effects model
Prediction interval

TE SE(TE)

1.2800 1.0060
1.3100 1.0835
1.4600 1.0124
14300 1.1041

g

95%-Cl

1.31 [1.30; 1.33]
1.36 [1.26; 1.48]
[0.97; 1.93]

I I I I I
15105005 11

5

Heterogeneity: /* = 97%, - = 0.0047, p < 0.01 Lower Respiratory Infections
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Weight Weight
(common) (random)

48.8% 26.4%
0.2% 8.4%

47 2% 26.4%
3.4% 23.9%
0.5% 14.9%
100.0% -
- 100.0%
Weight Weight
(common) (random)
18.3% 26.8%
0.4% 16.0%
78.4% 29.2%
2.9% 26.0%
100.0% -
- 100.0%
Weight Weight
(common) (random)
80.4% 36.7%
0.4% 15.6%
18.9% 35.8%
0.3% 11.9%
100.0% -
- 100.0%



Weight Weight

Study TE SE(TE) 95%-Cl (common) (random)
Abu-Ashour etal 2018 1.4000 1.1206 —'J;— 1.40 [1.12;1.75] 1.1% 4.5%
Carey etal 2018 15800 1.0262 = 158 [1.50;1660] 209% 35.86%
Hine et al 2017 13700 1.0733 —+ 1.37 [1.19157] 28% 10 4%
Shah et al 2003 15000 1.0137 a 150 [1.46;1.54] 75.3% 49 2%
]
]
Common effect model ¢ 1.51 [1.48; 1.55] 100.0% -
Random effects model ¢ 1.51 [1.44; 1.59] - 100.0%
Prediction interval — | | |_ [1.26; 1.81]
i ) 151050 05 1 15
Heterogeneity: I~ = 47%, t~ = 0.0011, p =0.13  Gastrointestinal Infections
Weight Weight
Study TE SE(TE) 95%-Cl (common) (random)
Bragg et al 2023 3.6500 1.0714 = 3.65 [3.19;4.18] 24.3% 22.3%
Wang et al 2020 16800 1.0994 Lt 168 [1.40;2.02] 12.9% 216%
Lietal 2019 3.5600 1.3590 :r—'— 3.56 [1.95;6.49] 1.2% 13.9%
Bragg et al 2017 24700 11744 hi 247 [1.80; 3.38] 4.5% 19.5%
Campbell et al 2012 1.5800 1.0461 : 1.58 [1.45;1.73] 57 1% 22.7%

Common effect model llb 2.01 [1.88; 215] 100.0% -
Random effects model <= 2.36 [1.65; 3.37] - 100.0%

Prediction interval : | [0.62; 9.03]
) ) -5 0 ]

Heterogeneity: I~ = 86%, t~ = 0.1448, p < 0.01 Respiratory Infection Mortality

Weight Weight
Study TE SE(TE) 95%-Cl (common) (random)
Lietal 2019 3.5600 1.3590 i 356 [1.95, 6.49] 2.0% 24.0%
Bragg et al 2017 24700 11744 ; 247 [1.80; 3.38] T 1% 34 8%
Campbell et al 2012 15800 1.0461 158 [145 173 90.9% 41.3%
Common effect model 1.66 [1.52; 1.80] 100.0% -
Random effects model 224 [1.43; 3.51] - 100.0%
Prediction interval | | | | [0.01; 477.73]

i ) 400 -200 0 200 400
Heterogeneity: I~ = 85%, 1~ = 0.1255, p = 0.01 Lower Respiratory Mortality
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Weight Weight

Study TE SE(TE) 95%-Cl (common) (random)
Muller et al 2005 1.2400 1.0615 —I?ﬁ 1.24 [1.10;1.39] 0.4% 15.2%
Abu-Ashour et al 2018 1.4800 1.1059 —— 148 [1.22;1.80] 0.2% 11.1%
Shah et al 2003 1.1800 1.0043 1.18 [1.17;1.19] 84.0% 18.9%
Carey et al 2018 14600 1.0124 i ; 146 [1.43;1.50] 10.4% 18.7%
Hine et al 2017 1.5900 1.0309 iv 1.59 [1.50;1.69] 1.7% 17.8%
Hirji et al 2012 15300 1.0220 i i 153 [1.47;160] 3.3% 18.3%
Common effect model Ii : 1.22 [1.21;1.23] 100.0% -
Random effects model <= 1.40 [1.27; 1.55] - 100.0%
Prediction interval | | ﬁ [0.98; 2.02]
-2 -1 0 1 2

Heterogeneity: I* = 99%, t° = 0.0144, p <0.01  Urinary Tract Infecfions
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Appendix 5: Sensitivity Analysis

Influence Analysis
Study

Omitting Carey et al 2018
Omitting Abu-Ashour et al 2018
Omitting Shah et al 2003
Omitting Hine et al 2017
Omitting Muller et al 2005

Random effects model

Study

Omitting Carey et al 2018
Omitting Muller et al 2005
Omitting Shah et al 2003
Omitting Hine et al 2017

Random effects model

95%-C| P-value

5123
5122
=123
1.21
125

& 1.23

I I
05 0 05

[
A

05 0

| |
05 1

Upper Respiratory Infections

Study

Omitting Carey et al 2018
Omitting Muller et al 2005
Omitting Shah et al 2003
Omitting Hine et al 2017

Random effects model

116

114

I<:> 116

138
= 136

<:>-| 1.36

1
95%-Cl P-value

[1.04; 1.29]
[1.13; 1.24]
[1.03; 1.27]
[1.07; 1.21]

1.18
1.13

[1.08; 1.24]

95%-Cl P-value

1.45 [1.38;1.51]
[1.25;1.52]
[1.27:1.30]

[1.23; 1.49]

]

onoco

1.28

[1.26; 1.48]

-1.5

|
-1

| | |
05 0 05 1

Lower Respiratary Infections

Study

Omitting Muller et al 2005
Omitting Abu-Ashour et al 2018
Omitting Shah et al 2003
Omitting Carey et al 2018
Omitting Hine et al 2017
Omitting Hirji et al 2012

Random effects model

1.5

95%-Cl P-value

S 1.43
~ 139
& 147
£ 139
137
138

[1.28: 1.60]

1

[1.24; 1.57]

2

[1.36;1.59]

1

[1.23:1.58]

[1.22; 1.52]
[1.22; 1.55]

-

—

—_—

1.5

-1 05 0 05 1
Urinary Tract Infections
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<5|> 1.40 [1.27; 1.55]

1.5

[1.17; 1.29]

Tau2 Tau
=0.01
=0.01
=0.01
=0.01
=0.01

0.0038 0.0619
0.0026 0.0508
0.0036 0.0604
0.0003 0.0163
0.0011 0.0329

88%
90%
84%
78%
86%
<0.01

0.0022 0.0468 87%

Tau2 Tau 12

=0.01 0.0077 0.0876 84%
=0.01 0.0017 0.0414 90%

0.01 0.0077 0.0879 89%
<0.01 0.0024 0.0486 89%

<0.01 0.0039 0.0628 88%

Tau2 Tau 12
=0.01 0.0005 0.0229 0%
=0.01 0.0060 0.0773 98%

0 0 0 0%

<0.01 0.0056 0.0751 98%

<0.01 0.0047 0.0684 97%

Tau2 Tau 12
=0.01
=0.01
=0.01
=0.01
=0.01
=0.01

0.0146 0.1207 99%
0.0166 0.1289 99%
0.0059 0.0769 78%
0.0179 0.1337 98%
0.0133 0.1155 99%
0.0158 0.1258 99%

<0.01 0.0144 0.1200 99%
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Study

Omitting Abu-Ashour et al 2018
Omitting Carey et al 2018
Omitting Hine et al 2017
Omitting Shah et al 2003

Random effects model

Study

Omitting Bragg et al 2023
Omitting Wang et al 2020
Omitting Li et al 2019
Omitting Bragg et al 2017
Omitting Campbell et al 2012

Random effects model

Study

Omitting Li et al 2019
Omitting Bragg et al 2017
Omitting Campbell et al 2012

Random effects model

15 1 05 0 05 1
Gastrointestinal Infections

1.5

—_—

—_—

-4::&:::—
T

-2 0 2
Respiratary Infection Mortality

—_—
-

—_—

c:i}
I |

-4 -2 0 2 4
Lower Respiratory Mortality
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2.02
2.59
2.20
2.35
2.64

2.36

1.92
2.24
2.70

95%-Cl P-value

<|'> 1.51 [1.44; 1.59]

95%-Cl P-value

[1.48; 2.75]
[1.71,3.92]
[1.49; 3.26]
[1.49; 3.70]
[1.80; 3.88]

[1.65; 3.37]

95%-Cl P-value

[1.25; 2.97]
[1.02; 4.93]
[1.99; 3.68]

2.24 [1.43; 3.51]

Tau2 Tau 12
0.0012 0.0345 61%
0.0011 00326 0%
0.0008 0.0279 45%

0.0050 0.0704 54%

< 0.01
< 0.01
<0.01
< 0.01

<0.01 0.0011 0.0333 47%

Tau2 Tau 12
0.2764 78%
0.3908 97%
0.3874 97%
0.4407 97%

0.3548 93%

<0.01 0.0764
=0.01 0.1527
<0.01 0.1501
<0.01 0.1942
< 0.01 0.1259

<0.01 0.1448 0.3805 96%

Tau2 Tau 12
0.2931
0.5309

0.0827

86%
85%
10%

< 0.01 0.0859
0.04 0.2819
< 0.01 0.0068

<0.01 0.1255 0.3542 85%
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Respiratory Infection DALY's (in millions)
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