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Abstract

Background: Individuals with diabetes have an increased risk of infection-related hospital-
ization; however, whether type 1 diabetes (T1D) and type 2 diabetes (T2D) differentially
influence outcomes following hospitalization remains unclear. We compared mortality,
metabolic complications, and hospital outcomes among adults with T1D, T2D, or no docu-
mented diabetes admitted with urinary tract infection (UTI) or pneumonia. Methods: We
performed a retrospective cohort study using electronic health records from a tertiary 1500-
bed medical center (2018-2026). Eligible adult hospital admissions for UTI or pneumonia
were classified according to documented T1D, T2D, or no diabetes. The study included
22,475 UTI admissions (211 with T1D, 9230 with T2D, and 13,034 without diabetes) and
32,703 pneumonia admissions (208 with T1D, 15,112 with T2D, and 17,383 without di-
abetes). Multivariable logistic regression was used to evaluate the association between
diabetes status and 30-day mortality, with adjustment for age, sex, BMI, CCI, and MEWS.
Because individuals could contribute multiple eligible admissions, the primary mortality
models used patient-level cluster-robust standard errors to account for within-patient
correlation. Results: T1D admissions involved substantially younger individuals than
T2D or non-diabetes admissions but were associated with the greatest metabolic instability
during hospitalization. Hypoglycemia occurred in 41.2% of T1D admissions for UTI and
19.7% for pneumonia, compared with 19.6% and 4.1% in T2D, respectively (both p < 0.001).
Hyperglycemia was also markedly more frequent in T1D, affecting 88.6% of UTI and 72.6% of
pneumonia admissions. ICU transfer was nearly threefold higher in T1D than T2D during
UTI hospitalization (10.0% vs. 3.5%, p < 0.001). After adjustment, T1D was not indepen-
dently associated with 30-day mortality, whereas T2D was associated with modestly lower
adjusted odds of 30-day mortality compared with patients without documented diabetes.
No significant mortality differences were observed between T1D and T2D. Conclusions:
Diabetes type was not independently associated with higher short-term mortality following
hospitalization for UTI or pneumonia after adjustment for measured confounders. However,
T1D was associated with substantially greater glycemic instability and increased intensive
care utilization, suggesting that diabetes type may influence the metabolic complexity and
intensity of inpatient management more than short-term survival.

Keywords: type 1 diabetes; type 2 diabetes; urinary tract infection; pneumonia; infection-
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1. Introduction

Diabetes mellitus is associated with an increased susceptibility to infections, greater
disease severity, and higher rates of infection-related hospitalization than the general
population [1-3]. Infections are increasingly recognized as a major complication of diabetes
and have recently emerged as the third leading cause of death among individuals with type
2 diabetes (T2D), after cardiovascular disease and cancer [4]. As the prevalence of diabetes
continues to rise, understanding the clinical course and outcomes of infection-related
hospitalizations has become an important public health priority.

Although both type 1 diabetes (T1D) and T2D predispose individuals to infection,
the underlying mechanisms differ. T1D is characterized by autoimmune destruction of
pancreatic 3-cells and absolute insulin deficiency, resulting in marked metabolic instability
and impaired immune responses [5-7]. In contrast, T2D is characterized by insulin resis-
tance, chronic low grade inflammation, and dysfunction of innate immune cells, including
neutrophils and macrophages [6,8]. In both conditions, hyperglycemia further impairs host
defenses through reduced phagocytosis, diminished complement activity, and impaired
T-cell function, thereby increasing susceptibility to bacterial infections and potentially
worsening clinical outcomes [7,9].

Although prior studies have demonstrated increased infection-related hospitalization
and mortality in both T1D and T2D compared with individuals without diabetes [1-4],
important gaps remain. First, most existing studies have focused on comparisons between
diabetic and non-diabetic populations, with relatively limited data directly comparing
outcomes between T1D and T2D in the setting of acute infection. Second, it remains
unclear whether diabetes type is independently associated with short-term outcomes after
accounting for differences in age, comorbidity burden, and acute illness severity. Third, the
clinical course of infection-related hospitalization, including metabolic complications such
as hypoglycemia and hyperglycemia, as well as the need for intensive care support, has
not been well characterized across diabetes types.

Therefore, we aimed to compare clinical characteristics, in-hospital complications,
and short-term mortality among patients with T1D, T2D, and no diabetes hospitalized
with common bacterial infections, including urinary tract infection and pneumonia. We
further examined whether diabetes type is independently associated with 30-day mortality
after adjustment for demographic factors, comorbidity burden, and markers of acute
illness severity.

2. Methods
2.1. Study Design and Data Source

This retrospective cohort study utilized the MDclone healthcare analytics platform
to extract deidentified electronic health record (EHR) data from a tertiary 1500 bed med-
ical center in Israel between 1 January 2018 and 31 May 2026. MDclone enables secure,
population-level analysis of structured clinical data while preserving patient privacy [10].
Available data included demographics, diagnoses, laboratory values, procedures, medica-
tions, and hospitalization outcomes.

2.2. Study Population

Adults (>18 years) admitted to an internal medicine department with UTI or pneu-
monia and with documented T1D or T2D or without documented diabetes were eligible
for inclusion. The hospital admission was the unit of analysis. Individuals could contribute
more than one eligible admission during the study period, with each eligible hospitalization
treated as a separate admission-level observation. An individual could also contribute
admissions to both infection-specific cohorts if separate eligible hospitalizations for UTI and
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pneumonia occurred during the study period. In the UTI cohort, 15,682 unique patients con-
tributed 22,475 eligible admissions, with 11,107 admissions from patients contributing one
admission, 6194 from patients contributing two admissions, 2754 from patients contributing
three admissions, 1552 from patients contributing four admissions, and 868 from patients
contributing five or more admissions. In the pneumonia cohort, 22,811 unique patients
contributed 32,703 eligible admissions, with 15,919 admissions from patients contributing
one admission, 9780 from patients contributing two admissions, 3750 from patients con-
tributing three admissions, 2072 from patients contributing four admissions, and 1182 from
patients contributing five or more admissions (Table S1). A total of 22,475 UTI admissions
(T1D: n = 211; T2D: n = 9230; no diabetes: n = 13,034) and 32,703 pneumonia admissions
(T1D: n = 208; T2D: n = 15,112; no diabetes: n = 17,383) met eligibility criteria (Figure 1).
Exclusion criteria included age < 18 years, gestational diabetes, secondary or drug induced
diabetes, and ambiguous diabetes classification, defined as admissions carrying conflicting
diagnostic codes for both T1D and T2D without additional clinical data to resolve the
classification, admissions with combined infections of UTI and pneumonia, and incomplete
or missing information. Because T1D represents a relatively rare exposure in hospitalized
adult populations, all eligible T1D admissions during the study period were included,
and no sampling or matching was applied. This design reflects a population-based ob-
servational cohort capturing the full available T1D inpatient experience, while T2D and
non-diabetic groups represent the corresponding background hospitalized population for

comparlson.
226,840 Admissions to internal medicine
departments
(Jan 2018—May 2026)
- Exclusions:
Exclusnon.s: : . ) *  Admission for non-pneumonia diagnosis: 183,328
Admissions for non-UTI causes diagnosis: 202,767 +  admissions with unknown subtype of diabetes: 233
Admissions with unknown subtype of diabetes: 312 +  Admission for COVID 19 or COVID 19 suspected pneumonia: 9011
Admissions with missing data: 611 +  Admissions with missing data: 890
Combined pneumonia and UTl admissions: 675 Combined UTI and pneumonia admissions: 675

UTl admissions Pneumonia admissions
n=22,475 T n=32,703
(Unique patients 15,682) (Unique patients 22,811)

W e

No DM
n=13,034
admissions
(57.9%)

Type 1 DM Type 2 DM No DM Type 1 DM Type 2 DM
n=211 n=9230 n=17,383 n=208 n=15,112

admissions admissions admissions admissions admissions
(0.9%) (41.1%) (53.1%) (0.6%) (46.2%)

Figure 1. Cohort selection. The source population consisted of eligible hospital admissions captured
in the institutional electronic health record during the study period; admissions were not restricted
to patients requiring ICU-level care. Direct ICU admissions were excluded according to the cohort-
selection criteria shown. A total of 675 admissions with combined UTI and pneumonia infections were
excluded, corresponding to 618 unique patients. UTI—urinary tract infection; COVID—coronavirus
disease; DM—diabetes mellitus.

2.3. Variables and Outcomes

Baseline variables included age, sex, body mass index (BMI), HbAlc, diabetes duration
(available for T1D and T2D groups only), Charlson Comorbidity Index (CCI) [11], chronic
kidney disease, cardiovascular disease, diabetes medications, and infection type. Outcomes
included 30-day mortality, length of stay (LOS), intensive care unit (ICU) transfer, shock, hy-
poglycemia (blood glucose < 70 mg/dL), hyperglycemia (blood glucose > 180 mg/dL), and
hyperosmolar hyperglycemia. Resistant organism infections, including extended-spectrum
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-lactamase (ESBL)-producing organisms and methicillin-resistant Staphylococcus aureus
(MRSA), were also assessed.

2.4. Severity Assessment and Clinical Definitions

Acute illness severity at hospital admission was assessed using the Modified Early
Warning Score (MEWS), a validated clinical risk stratification tool based on routinely
collected physiological measurements, including systolic blood pressure, heart rate, res-
piratory rate, body temperature, and level of consciousness [12,13]. MEWS was used to
quantify the degree of physiological derangement on presentation, with higher scores
indicating greater risk of clinical deterioration and the need for escalated medical care.

Shock was identified using ICD diagnosis codes and/or vasopressor administration.

2.5. Statistical Analysis

Continuous variables were summarized using medians with interquartile ranges,
and categorical variables were reported as frequencies and percentages. Between-group
comparisons were performed using the Kruskal-Wallis test for continuous variables and
the x? test or Fisher’s exact test for categorical variables, as appropriate.

All analyses were performed separately for the UTI and pneumonia cohorts. Given
the marked imbalance in group sizes, all primary comparisons were conducted using
regression-based models rather than relying solely on unadjusted group comparisons, to
reduce bias from unequal sample sizes and confounding.

The association between diabetes status and 30-day mortality was estimated using
multivariable logistic regression, adjusting for age, sex, BMI, CCI, and MEWS. Because
individuals could contribute more than one eligible admission, the primary mortality
models were fit using patient-level cluster-robust (sandwich) standard errors, specifying
the patient as the clustering unit to account for within-patient correlation among repeated
admissions. Because the number of clusters (unique patients) was large, the conventional
sandwich variance estimator was used. Diabetes status (T1D, T2D, or no diabetes) was
included as a categorical exposure, with no diabetes as the reference group. For secondary
analyses, T1D was directly compared with T2D; these models additionally adjusted for
HbA1lc and diabetes duration. Models were intentionally limited to clinically important
covariates to avoid unnecessary overadjustment.

Three prespecified sensitivity analyses were performed to assess the robustness of the
primary findings: (1) exclusion of admissions with borderline diabetes classification (age
of onset 30-50 years); (2) exclusion of admissions during the initial COVID-19 pandemic
period (2020-2021); and (3) refitting of the mortality models under an independence (naive)
specification that did not account for within-patient correlation, to assess the influence of
the clustering adjustment on the primary estimates.

Secondary clinical and metabolic outcomes were considered exploratory and were
primarily used to characterize differences in the clinical course of hospitalization rather
than to establish independent causal associations. No formal multiplicity adjustment was
applied to these exploratory comparisons.

Statistical analyses were performed using SPSS (version 30.0; IBM Corp, Armonk, NY).
All tests were two-sided, and a p-value <0.05 was considered statistically significant.

2.6. Ethics

This study was approved by the institutional review board of Tel Aviv Sourasky
Medical Center (Approval No. TLV-0432-26). The requirement for informed consent was
waived given the retrospective, deidentified nature of the data.
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3. Results
3.1. Cohort Characteristics

A total of 22,475 UTI admissions and 32,703 pneumonia admissions were included in
the analysis.

Among UTI admissions, 13,034 (58.0%) were admissions without documented dia-
betes, 211 (0.9%) involved T1D, and 9230 (41.1%) involved T2D. T1D admissions involved
substantially younger individuals than admissions without diabetes or with T2D (median
age of 66.5 vs. 81.5 and 78.0 years, respectively; p < 0.001). The proportion of males was
highest in the T1D group (66.4%) compared with the T2D (58.4%) and non-diabetic groups
(50.0%; p < 0.001). Patients with T2D had the greatest burden of comorbidity, with a median
Charlson Comorbidity Index (CCI) of 6 compared with 5 in both the T1D and non-diabetic
groups (p < 0.001). As expected, chronic anti-diabetic medication use differed markedly
between diabetes groups. Among T2D admissions, metformin was the most frequently
prescribed medication (3932, 42.6%), followed by insulin (3373, 36.5%), DPP-4 inhibitors
(1638, 17.7%), SGLT2 inhibitors (1401, 15.2%), GLP-1 receptor agonists (525, 5.7%), and
sulfonylureas (364, 3.9%). Among T1D admissions, insulin therapy predominated (144,
68.2%), while metformin (25, 11.8%), SGLT2 inhibitors (12, 5.7%), DPP-4 inhibitors (9, 4.3%),
and GLP-1 receptor agonists (1, 0.5%) were used less frequently; no patients with T1D
received sulfonylureas.

Among pneumonia admissions, 17,383 (53.2%) were for patients with no diabetes,
208 (0.6%) had T1D, and 15,112 (46.2%) had T2D. Similar age differences were observed,
with patients with T1D being considerably younger than those without diabetes (61.2 vs.
83.5 years) and those with T2D (78.5 years; p < 0.001). Patients with T2D again demon-
strated the highest comorbidity burden (median CCI 6). Chronic anti-diabetic medication
use showed a similar pattern to that observed in the UTI cohort. In patients with T2D,
metformin was the most commonly used medication (7265, 48.1%), followed by insulin
(3705, 24.5%), DPP-4 inhibitors (2734, 18.1%), SGLT2 inhibitors (2138, 14.1%), GLP-1 re-
ceptor agonists (939, 6.2%), and sulfonylureas (574, 3.8%). Among patients with T1D,
insulin remained the predominant therapy (109, 52.4%), with smaller proportions receiving
metformin (32, 15.4%), SGLT2 inhibitors (13, 6.3%), DPP-4 inhibitors (10, 4.8%), and GLP-1
receptor agonists (4, 1.9%).

3.2. Urinary Tract Infection

T1D admissions had the greatest metabolic instability during hospitalization. Hypo-
glycemia occurred in 41.2% of T1D admissions compared with 19.6% in T2D and 11.3% in
patients without diabetes (p < 0.001). Similarly, hyperglycemia was most common among
patients with T1D, occurring in 88.6% of admissions compared with 78.4% in T2D and 29.9%
in patients without diabetes (p < 0.001). Hyperosmolar hyperglycemia also occurred more
frequently among patients with diabetes than among patients without diabetes (Table 1).

This greater metabolic complexity was accompanied by increased utilization of in-
tensive care. ICU transfer occurred in 10.0% of T1D admissions compared with 3.5% of
T2D admissions and 4.2% of admissions without documented diabetes (p < 0.001) (Table 1).
In contrast, T2D admissions had the highest rate of shock during hospitalization (6.8%),
compared with 1.9% in T1D and 5.2% among patients without diabetes (p < 0.001) (Table 1).

Despite these differences in clinical course, crude mortality was lowest among T1D
admissions. Thirty-day mortality occurred in 17.1% of T1D admissions, compared with
27.0% of T2D admissions and 33.2% of admissions without documented diabetes (p < 0.001).
Seven-day mortality demonstrated a similar pattern (10.0%, 14.7%, and 19.0%, respectively).
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Hospital length of stay differed modestly across groups, with patients with T2D having
the longest hospitalization (median 5.7 days), whereas patients with T1D had the shortest
median stay (4.0 days; p < 0.001).

Table 1. Baseline characteristics and clinical outcomes among patients hospitalized with urinary
tract infection.

Characteristic No DM (n =13,034) Type 1 DM (n = 211) Type 2 DM (n = 9230) p Value
Male sex 6513 (50.0%) 140 (66.4%) 5390 (58.4%) <0.001
Age, years 81.5 (68.8-89.4) 66.5 (52.9-76.1) 78.0 (69.7-86.0) <0.001
BMI, kg/m? t 24.0 (21.5-27.2) 24.8 (22.0-28.1) 25.9 (22.1-29.7) <0.001
Weight, kg 65 (55-75) 73.5 (60-85) 72 (62-85) <0.001
Cc 5(4-7) 5(4-7) 6 (5-8) <0.001
MEWS 0(0-1) 1(1-1) 1(1-1) <0.001
30-day mortality 4324 (33.2%) 36 (17.1%) 2489 (27.0%) <0.001
Length of stay, days 5.6 (2.7-10.8) 4.0 (2.5-8.9) 5.7 (3.0-11.6) <0.001
Shock 678 (5.2%) 4 (1.9%) 629 (6.8%) <0.001
ICU transfer * 547 (4.2%) 21 (10.0%) 323 (3.5%) <0.001
Hypoglycemia (<70 mg/dL) 1467 (11.3%) 87 (41.2%) 1807 (19.6%) <0.001
Hyperglycemia (>180 mg/dL) 3900 (29.9%) 187 (88.6%) 7233 (78.4%) <0.001
Hyperosmolar hyperglycemia 174 (1.3%) 16 (7.6%) 610 (6.6%) <0.001
ESBL infection 130 (1.0%) 1 (0.5%) 111 (1.2%) 0.239

MRSA infection 37 (0.3%) 0 (0.0%) 22 (0.2%) 0.610

HbAlc, % - 7.9 (7.49.7) 7.3 (6.2-8.7) <0.001
CHF 1894 (14.5%) 26 (12.3%) 2118 (22.9%) <0.001
CKD 1974 (15.1%) 57 (27%) 2890 (31.3%) <0.001

Data are presented as median (interquartile range) for continuous variables and number (%) for cate-
gorical variables. p values were calculated using the Kruskal-Wallis test for continuous variables and
the x? test or Fisher’s exact test for categorical variables, as appropriate. CCI, Charlson Comorbidity
Index; MEWS, Modified Early Warning Score; ICU, intensive care unit; ESBL, extended-spectrum
-lactamase-producing organisms; MRSA, methicillin-resistant Staphylococcus aureus; HbAlc, gly-
cated hemoglobin; CHF, congestive heart failure; CKD, chronic kidney disease. * Shock and ICU
transfer are not equivalent outcomes. Some patients with shock were managed in intermediate-care
units within internal medicine departments rather than transferred to the ICU. Therefore, ICU trans-
fer should not be interpreted as a direct surrogate for shock or overall illness severity. T+ BMI was
available for 18,695 admissions in the UTI cohort (Table S2).

Resistant organisms were uncommon, and no significant differences were observed in
rates of ESBL-producing organisms or MRSA infection.

3.3. Pneumonia

A similar pattern was observed in the pneumonia cohort, with T1D admissions demon-
strating the greatest degree of metabolic instability despite the lowest crude mortality.
Hypoglycemia occurred in 19.7% of T1D admissions compared with 4.1% of T2D admis-
sions and 3.6% of admissions among patients without diabetes (p < 0.001). Hyperglycemia
affected 72.6% of patients with T1D, 63.5% of those with T2D, and 21.0% of patients without
diabetes (p < 0.001) (Table 2).

Despite the increased burden of metabolic complications, crude mortality remained
lowest among patients with T1D. Seven-day mortality occurred in 3.4% T1D admissions,
compared with 4.5% in T2D admissions and 7.9% in patients without diabetes admissions
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(p < 0.001). Thirty-day mortality occurred in 5.3%, 8.9%, and 15.4% of T1D, T2D, and
no-diabetes admissions, respectively (p < 0.001).

Table 2. Baseline characteristics and clinical outcomes among patients hospitalized with pneumonia.

Characteristic No DM (n =17,383) Type1 DM (n=208) Type 2 DM (n =15,112) p Value
Male sex 8296 (47.7%) 113 (54.3%) 8873 (58.7%) <0.001
Age, years 83.5(72.3-90.2) 61.2 (44.0-73.9) 78.5 (70.3-86.0) <0.001
BMI, kg/m? t 24.9 (22.2-28.1) 24.6 (22.0-29.3) 26.7 (23.9-30.6) <0.001
Weight, kg 70 (60-80) 75 (62.9-85) 75 (65-87.5) <0.001
Cc 5(4-7) 4.5 (3-7) 6 (5-8) <0.001
MEWS 0(0-1) 0 (0-1) 0 (0-1) <0.001
30-day mortality 2671 (15.4%) 11 (5.3%) 1347 (8.9%) <0.001
Length of stay, days 3.7 (2.1-6.2) 3.7 (2.2-6.8) 3.7 (2.0-6.2) 0.205
Shock 264 (1.5%) 1(0.5%) 160 (1.1%) <0.001
ICU transfer * 30 (0.2%) 0 (0.0%) 13 (0.1%) 0.087
Hypoglycemia (<70 mg/dL) 628 (3.6%) 41 (19.7%) 626 (4.1%) <0.001
Hyperglycemia (>180 mg/dL) 3646 (21.0%) 151 (72.6%) 9594 (63.5%) <0.001
Hyperosmolar hyperglycemia 94 (0.5%) 7 (3.4%) 362 (2.4%) <0.001
ESBL infection 15 (0.1%) 0 (0.0%) 3 (<0.1%) 0.037
MRSA infection 0 (0.0%) 0 (0.0%) 3 (<0.1%) 0.174
HbAlc, % - 9.0 (7.9-9.9) 9.0 (8.1-10.2) <0.001
CHF 2802 (16.1%) 22 (10.6%) 2926 (19.4%) <0.001
CKD 2803 (16.1%) 73 (35.1%) 4079 (27%) <0.001

Data are presented as median (interquartile range) for continuous variables and number (%) for cate-
gorical variables. p values were calculated using the Kruskal-Wallis test for continuous variables and
the x? test or Fisher’s exact test for categorical variables, as appropriate. CCI, Charlson Comorbidity
Index; MEWS, Modified Early Warning Score; ICU, intensive care unit; ESBL, extended-spectrum
-lactamase-producing organisms; MRSA, methicillin-resistant Staphylococcus aureus; HbAlc, gly-
cated hemoglobin; CHF, congestive heart failure; CKD, chronic kidney disease. * Shock and ICU
transfer are not equivalent outcomes. Some patients with shock were managed in intermediate-care
units within internal medicine departments rather than transferred to the ICU. Therefore, ICU trans-
fer should not be interpreted as a direct surrogate for shock or overall illness severity. T+ BMI was
available for 28,538 admissions in the pneumonia cohort (Table S3).

Hospital length of stay was similar across all groups (median 3.7 days; p = 0.205). ICU
transfer was uncommon in the pneumonia cohort and did not differ significantly between
diabetes groups. Because ICU transfer was recorded infrequently in this cohort, it should
not be interpreted as a comprehensive measure of illness severity.

Resistant organisms remained uncommon in all three groups.

3.4. Association Between Diabetes Type and Thirty-Day Mortality

Because T1D admissions involved substantially younger patients than T2D and non-
diabetes admissions, multivariable analyses were performed to evaluate the association
between diabetes status and short-term mortality after adjustment for measured demo-
graphic, comorbidity, and acute illness-severity factors. Although crude mortality was
lower among both diabetes groups across both infection cohorts, these crude differences
should be interpreted in the context of the substantial age and comorbidity differences
between groups.

Following multivariable adjustment for potential confounders, the association between
T1D and mortality was not significant for either UTI (adjusted OR 0.81, 95% CI 0.55-1.23;
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p = 0.330) nor pneumonia (adjusted OR 0.76, 95% CI 0.34-1.45; p = 0.340). In contrast,
T2D remained independently associated with modestly lower odds of 30-day mortality
following hospitalization for UTI (adjusted OR 0.84, 95% CI 0.79-0.91; p < 0.001) and
pneumonia (adjusted OR 0.67, 95% CI 0.59-0.72; p < 0.001), Table 3.

Table 3. Multivariable association between diabetes status and 30-day mortality.

Comparison Patient-Level Cluster-Robust Analysis p Value
UTI
T1D vs. No DM 0.81 (0.55-1.23), p=0.330
T2D vs. No DM 0.84 (0.79-0.91), p <0.001
T2D vs. T1D 0.97 (0.65-1.45), p=0.880
Pneumonia
T1D vs. No DM 0.76 (0.34-1.45), p=0.340
T2D vs. No DM 0.67 (0.59-0.72), p <0.001
T2D vs. T1D 1.09 (0.52-2.28), p=0.810

Adjusted models included age, sex, BMI, CCI, and MEWS. Direct comparisons between T1D and T2D
were additionally adjusted for HbAlc and diabetes duration. Non-diabetes served as the reference
category for comparisons with T1D and T2D. Primary mortality models used patient-level cluster-
robust standard errors to account for potential correlation among repeated admissions. OR, odds ratio;
CI, confidence interval; CCI, Charlson Comorbidity Index; MEWS, Modified Early Warning Score.

Direct comparison between T2D and T1D demonstrated no significant difference
in adjusted mortality for either UTI (adjusted OR 0.97, 95% CI 0.65-1.45; p = 0.880) nor
pneumonia (adjusted OR 1.09, 95% CI 0.52-2.28; p = 0.810), Table 3.

3.5. Sensitivity Analyses

Three sensitivity analyses were performed to assess the robustness of the primary find-
ings. First, exclusion of admissions with borderline diabetes classification (defined as age of
diabetes onset between 30 and 50 years) did not materially alter the results. Following this
exclusion, the UTI cohort included 13,034 admissions without diabetes, 148 admissions with
T1D, and 7954 admissions with T2D. In the pneumonia cohort, 17,383 admissions without
diabetes, 156 admissions with T1D, and 12,869 admissions with T2D remained available for
analysis. In the UTI cohort, the adjusted OR for 30-day mortality comparing T1D with no
diabetes remained non-significant (adjusted OR 0.81, 95% CI 0.55-1.19; p = 0.29), whereas
T2D remained associated with lower adjusted odds of mortality (adjusted OR 0.84, 95% CI
0.79-0.89; p < 0.001). In the pneumonia cohort, results were similarly unchanged (T1D vs.
no diabetes: adjusted OR 0.73, 95% CI 0.35-1.50; p = 0.39; T2D vs. no diabetes: adjusted
OR 0.65, 95% CI 0.61-0.70; p < 0.001). Direct comparisons between T1D and T2D remained
non-significant in both cohorts.

Second, exclusion of admissions occurring during the initial COVID-19 pandemic
period (2020-2021) yielded comparable findings. After this exclusion, the UTI cohort con-
sisted of 9588 admissions without diabetes, 155 admissions with T1D, and 6791 admissions
with T2D (total n = 16,534). The corresponding pneumonia cohort included 11,268 admis-
sions without diabetes, 135 admissions with T1D, and 9806 admissions with T2D (total
n =21,209). In the UTI cohort, the adjusted OR for T1D versus no diabetes was 0.86 (95% CI
0.59-1.24; p = 0.42), whereas the adjusted OR for T2D versus no diabetes was 0.86 (95% CI
0.81-0.91; p < 0.001). In the pneumonia cohort, the adjusted OR for T1D versus no diabetes
was 0.68 (95% CI 0.33-1.40; p = 0.30), and the adjusted OR for T2D versus no diabetes
was 0.63 (95% CI 0.59-0.68; p < 0.001). The consistency of the findings after exclusion of
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admissions during 2020-2021 suggests that the principal mortality associations were not
substantially driven by the initial COVID-19 pandemic period.

Third, the mortality models were refit under an independence (naive) specification
that did not account for within-patient correlation, in order to assess the influence of
the clustering adjustment on the primary cluster-robust estimates. Point estimates were
essentially unchanged in magnitude and direction, and confidence intervals were modestly
narrower than those of the primary cluster-robust models, consistent with the expected
effect of ignoring repeated admissions within patients. In the UTI cohort, the naive model
yielded an adjusted OR of 0.84 (95% CI 0.60-1.16; p = 0.285) for T1D versus no diabetes and
0.85 (95% CI 0.81-0.90; p < 0.001) for T2D versus no diabetes. In the pneumonia cohort, the
corresponding estimates were 0.70 (95% CI 0.37-1.36; p = 0.294) for T1D versus no diabetes
and 0.64 (95% CI 0.60-0.69; p < 0.001) for T2D versus no diabetes. Direct comparisons
between T1D and T2D remained non-significant in both cohorts (UTI: adjusted OR 0.96,
95% CI 0.69-1.34; p = 0.816; pneumonia: adjusted OR 0.74, 95% CI 0.38-1.43; p = 0.738). The
similarity between the naive and primary cluster-robust models indicates that the direction
and statistical interpretation of the primary associations were not materially affected by
accounting for within-patient correlation (Table S4).

4. Discussion

In this large retrospective cohort of more than 55,000 admissions for urinary tract
infection and pneumonia, the principal finding was that T1D was associated with markedly
greater metabolic instability during acute infection, including substantially higher rates of
hypoglycemia and hyperglycemia and, during UTI hospitalization, greater ICU utilization.
After adjustment for measured demographic characteristics, comorbidity burden, and
acute illness severity, T1D was not independently associated with 30-day mortality. T2D
was associated with modestly lower adjusted odds of 30-day mortality compared with
the substantially older hospitalized population without documented diabetes. Overall,
diabetes status appeared to be more strongly associated with metabolic complexity and
intensity of inpatient management than with short-term mortality.

4.1. Diabetes and the “Infection—Mortality Paradox”

One of the principal findings of this study is that diabetes was not associated with
worse short-term mortality once patients were hospitalized. This observation is consistent
with prior reports describing a so-called “diabetes paradox,” whereby patients with dia-
betes experience similar or occasionally lower, short-term mortality than patients without
diabetes following acute infectious illness [14-16]. For example, a meta-analysis of sepsis
outcomes found no increase in short-term mortality among patients with diabetes [15],
while population based analyses have demonstrated that although diabetes increases
the risk of infection-related hospitalization, it does not consistently translate into higher
short-term mortality once hospitalization occurs [14,16].

Importantly, these findings contrast with epidemiologic studies showing that diabetes
increases infection-related mortality at the population level [2-4]. This apparent discrepancy
likely reflects an important distinction between the risk of developing severe infection and
outcomes after hospitalization. Diabetes clearly increases susceptibility to infection and
infection related hospitalization, but once hospitalized, age, comorbidity burden, and acute
illness severity appear to be stronger determinants of short-term survival than diabetes
type itself.

Several mechanisms may contribute to the observed findings. First, residual confound-
ing by age and frailty is likely important. Patients with T1D were markedly younger than
those without diabetes, and although adjustment was performed, functional status and
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frailty are not fully captured by the Charlson Comorbidity Index and may continue to
influence outcomes [17,18]. Second, patients with diabetes may be admitted earlier in the
course of infection because of closer clinical monitoring and lower thresholds for hospi-
talization, potentially resulting in lower observed inpatient mortality [1,3]. Third, stress
hyperglycemia in patients without diabetes is a well-established marker of severe acute
illness and is independently associated with mortality, whereas chronic diabetes may atten-
uate this relationship through physiological adaptation to sustained hyperglycemia [19,20].

An important consideration is the marked age difference between the diabetes groups
and the non-diabetic comparator group. In both infection cohorts, patients without diabetes
were substantially older than patients with T1D, while patients with T2D were intermediate
in age. Therefore, the observed adjusted associations should not be interpreted as indicating
that a younger patient with T1D has the same absolute mortality risk as a substantially
older patient without diabetes. Rather, the regression estimates describe the association
between diabetes status and 30-day mortality after statistical adjustment for measured
covariates within this hospitalized population. Residual differences in frailty, functional
status, admission thresholds, and other unmeasured characteristics may remain.

Nevertheless, these explanations remain hypothesis generating. Recent ICU-based
studies suggest that diabetes may still confer increased mortality among critically ill patients
with sepsis [21], indicating that the apparent diabetes paradox may not extend to patients
with the most severe infections.

4.2. Metabolic Instability in Type 1 Diabetes

The most distinctive finding of our study was the marked metabolic instability ob-
served among patients with T1D. Despite no significant difference in adjusted mortality
compared with the reference groups, T1D was consistently associated with the highest
rates of both hypoglycemia and hyperglycemia across both infection cohorts. More than
40% of patients with T1D admitted with UTI developed hypoglycemia, nearly 90% experi-
enced hyperglycemia, and approximately one in five patients hospitalized with pneumonia
developed hypoglycemia. These rates substantially exceeded those observed in both T2D
and patients without diabetes.

In-hospital hypoglycemia is a well-established risk factor for adverse outcomes, includ-
ing increased mortality, longer hospitalization, and cardiovascular complications [22-24]. A
systematic review demonstrated that inpatient hypoglycemia is associated with a twofold
increase in mortality risk [14], while studies in T1D populations have shown a dose depen-
dent relationship between severe hypoglycemia and subsequent mortality [25].

The high prevalence of hypoglycemia in T1D likely reflects the inherent metabolic
fragility of absolute insulin deficiency during acute illness, including reduced oral intake,
altered insulin sensitivity, and lack of endogenous insulin buffering capacity [26]. These
findings highlight that while T1D was not independently associated with increased mortal-
ity, it was strongly associated with clinically important metabolic complications that may
require intensive inpatient management.

Hyperglycemia was also highly prevalent across both diabetes types, particularly
in T1D, where nearly 90% of UTI admissions experienced marked hyperglycemia. The
American Diabetes Association recommends maintaining inpatient glucose levels between
100-180 mg/dL to minimize both hypo- and hyperglycemic complications [27]. Our find-
ings underscore the importance of structured inpatient glycemic management strategies,
particularly for hospitalized patients with T1D.
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4.3. Intensive Care Utilization and Severity Markers

Despite lower crude mortality, T1D admissions had higher rates of ICU transfer during
UTI hospitalization compared with both T2D and non-diabetic admissions. This may reflect
increased clinical concern for metabolic decompensation, including diabetic ketoacidosis
and severe hypoglycemia, rather than infection severity alone. An additional, non-severity
explanation is related to workflow; the intensive monitoring demands of T1D management
(frequent glucose checks, insulin titration, vigilance for ketoacidosis and hypoglycemia)
impose a higher nursing burden on general wards, which may lead clinicians to favor
transfer to the ICU, where the lower nurse-to-patient ratio better accommodates this care. In
contrast, T2D admissions demonstrated higher rates of shock, consistent with their greater
comorbidity burden. ICU transfer was uncommon in the pneumonia cohort, however, and
therefore provides limited discrimination of illness severity in that cohort.

These findings suggest that diabetes type may influence the clinical trajectory of
hospitalization more than it influences short-term mortality risk.

4.4. Comparison with Prior Literature

Our findings are consistent with prior studies demonstrating that diabetes, particularly
T1D, is associated with increased infection-related hospitalization [2,3]. However, the
primary focus of the present study was not infection susceptibility but outcomes following
hospitalization for UTI or pneumonia. Our findings suggest that, among patients who are
already hospitalized with these infections, diabetes type was not independently associated
with higher short-term mortality after adjustment for measured demographic, comorbidity,
and illness-severity factors.

The inverse association observed for T2D should be interpreted cautiously and should
not be considered evidence of a protective effect. Differences in age, frailty, hospitalization
thresholds, unmeasured clinical characteristics, and stress hyperglycemia among patients
without documented diabetes may contribute to this observation.

4.5. Strengths and Limitations

This study has several strengths, including a large, unselected cohort of hospitalized
admissions; inclusion of both T1D and T2D with a non-diabetic comparator group; and
adjustment for demographic characteristics, comorbidity burden, and acute illness severity
using regression-based modeling. The use of a comprehensive electronic health record
database enabled detailed characterization of metabolic complications and clinical outcomes.

Several limitations should be acknowledged. First, the retrospective observational de-
sign limits causal inference and leaves the possibility of residual confounding, particularly
by frailty, functional status, hospitalization thresholds, and aspects of acute illness severity
not captured by the available variables. Second, because the analysis was admission-based
and individuals could contribute multiple hospitalizations, within-patient correlation may
be present; this was addressed through a patient-level cluster-robust sensitivity analysis.
Third, misclassification between diabetes types is possible in electronic health records.
Fourth, the relatively small number of T1D admissions limits statistical power to detect
modest mortality differences; therefore, the absence of statistical significance should not
be interpreted as evidence of equivalence. Fifth, the non-diabetic comparator group was
substantially older than the T1D group, and residual age-related confounding may re-
main despite adjustment. The observed associations therefore should not be interpreted
as indicating equivalent absolute mortality risk across age-disparate groups. Sixth, BMI
was based on available electronic health record measurements and may not represent the
BMI distribution of the broader population with T2D; missing measurements may also
introduce selection bias. Seventh, previous infection history and the extent of endocrinol-
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References

ogy or diabetes-specialist involvement were not available as prespecified variables and
could not be evaluated. Eighth, the non-diabetic comparator group may include patients
with undiagnosed diabetes or prediabetes, as suggested by the substantial rates of hyper-
glycemia observed in this group. Finally, the inverse association between T2D and 30-day
mortality should be interpreted cautiously and should not be considered evidence of a
protective effect. Because direct ICU admissions were excluded by the cohort-selection
criteria, the study may underrepresent patients with the most severe acute illness who
required immediate ICU-level care. This exclusion may also limit the generalizability of the
findings to critically ill populations and to patients admitted directly to intensive care. The
study was conducted within a single healthcare system with universal healthcare coverage,
which may limit generalizability but also reduces bias related to disparities in healthcare
access [28-30].

5. Conclusions

In this large cohort of admissions for urinary tract infection or pneumonia, T2D
was associated with modestly lower adjusted odds of 30-day mortality compared with
admissions without documented diabetes, whereas T1D was not independently associated
with mortality after adjustment for measured confounders. No significant difference in
adjusted mortality was observed between T1D and T2D. However, T1D was associated
with substantially greater metabolic instability and, during UTI hospitalization, greater ICU
utilization. Overall, diabetes status appeared to be more strongly associated with metabolic
complexity and intensity of inpatient management than with short-term mortality.
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