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Abstract

Background/Objectives: The clinical history preceding diabetic ketoacidosis (DKA) and
the acute hospital course may reflect different vulnerabilities. We examined factors associ-
ated with previous DKA and total hospital length of stay in adults admitted to intensive
care. Methods: This retrospective single-center study included 91 unique adults admitted
during 2021-2025. Firth logistic regression examined previous DKA among 68 patients
with established diabetes. Negative binomial regression with HC3 robust inference ex-
amined total hospital stay. A separate post hoc Firth model examined severe acid-base
presentation. Results: Previous DKA was documented in 28/68 patients (41.2%) and was
associated with established type 1 diabetes (adjusted odds ratio [aOR] 6.09, 95% confidence
interval [CI] 1.18-39.83) and recorded psychiatric disorder (aOR 7.35, 95% CI 1.92-36.47).
Infection-related presentation was associated with longer stay (adjusted incidence rate
ratio 1.40, 95% CI1 1.07-1.82; p = 0.013), with standardized means of 11.4 versus 8.1 days.
Newly diagnosed diabetes was associated with lower odds of severe acid—base presentation
in the exploratory model (aOR 0.24, 95% CI 0.08-0.67). No in-hospital deaths occurred.
Conclusions: Previous DKA and hospital stay showed different patterns of association.
The estimates were imprecise and apply to a small ICU-selected population. The post hoc
severity finding requires replication. These observational associations do not establish
causation or support individual prediction.

Keywords: diabetic ketoacidosis; intensive care; previous DKA; psychiatric disorders;
infection; length of stay

1. Introduction

Diabetic ketoacidosis (DKA) is an acute metabolic emergency characterized by ke-
tosis and metabolic acidosis in the setting of diabetes or hyperglycemia. The degree of
insulin deficiency, counter-regulatory stress and accompanying illness produces a wide
clinical spectrum, from metabolic decompensation that responds promptly to treatment
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to circulatory compromise, neurological disturbance and organ dysfunction. Contempo-
rary guidance has refined diagnosis and treatment, including recognition of presentations
without marked hyperglycaemia, but adult DKA populations remain heterogeneous across
diabetes types, age groups and healthcare settings [1-3].

The burden on health services remains substantial. Population-based studies from
the United States and England have reported increasing DKA-related emergency visits or
hospital admissions, while trends in length of stay, re-admission and mortality have not
been uniform [4-6]. More recent US data show an increasing absolute number of ICU
admissions for DKA, while the proportion of DKA presentations admitted to intensive care
remained broadly stable [7]. Longitudinal data in type 1 diabetes associate previous DKA
with subsequent mortality and vascular and acute complications [8]. Earlier DKA also
identifies patients at risk of re-admission [9]. Administrative data show that re-admission
is socially patterned, indicating that the circumstances surrounding DKA extend beyond
the biochemical disturbance measured during an individual admission [10].

Previous DKA often reflects accumulated vulnerability involving insulin interruption,
psychiatric illness, substance use, socioeconomic adversity and difficulties maintaining
contact with diabetes services [11-17]. These influences may act through several pathways
and should not be reduced to a single label of non-adherence. Their association with
earlier DKA need not translate into a corresponding association with the severity of the
current episode. Admission physiology also depends on the duration of insulin deficiency,
the stress of a concurrent illness and the point at which treatment begins, whereas total
hospital stay incorporates treatment of the precipitant and the organization of subsequent
care [1,3,18,19]. Distinguishing a patient’s documented DKA history from the acute hospital
course may therefore clarify which question each routinely recorded characteristic can
reasonably address.

Selection into intensive care is central to that distinction. Contemporary international
survey data show variation in the ICU admission criteria and management practices re-
ported by clinicians [20]. Selected patients can be managed through protocolized non-ICU
pathways when appropriate monitoring is available [21,22]. International cohorts conse-
quently differ not only in their patients’ characteristics but also in the pathway through
which those patients enter the study. At our center, ICU admission is based on severe DKA,
haemodynamic or neurological compromise, or comorbidity that complicates treatment.
Local data from this selected service can complement international evidence without as-
suming that an ICU cohort represents all adults with DKA in the surrounding population.
This is particularly relevant when interpreting the limited ICU-focused evidence available
from South-Eastern Europe.

Newly diagnosed diabetes adds a further source of heterogeneity. Delayed recognition
of diabetes can allow substantial insulin deficiency to develop, but new-onset DKA does not
necessarily have the same clinical background as DKA in established disease. In established
diabetes, interrupted insulin treatment and recurrent difficulties with self-management
may contribute, whereas the newly diagnosed group can include both type 1 and type
2 diabetes [1,3,23]. Differences in diabetes-type composition and presentation pathways
could therefore influence an observed association between newly diagnosed diabetes and
acid-base severity. Such a comparison is exploratory and cannot by itself establish an effect
of disease duration.

We characterized adults admitted with DKA to the intensive care service of University
Hospital of Split during 2021-2025. The main analyses examined factors associated with
a documented history of DKA among patients with established diabetes and with total
hospital length of stay. A separate post hoc analysis explored whether newly diagnosed
diabetes was associated with a different acid-base presentation from established diabetes.
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2. Materials and Methods
2.1. Study Design and Population

This retrospective, single-center observational study included adults aged 18 years or
older admitted with DKA to the Department of Internal Medicine, Division of Intensive
Care and Clinical Pharmacology with Toxicology, University Hospital of Split, during
2021-2025. Cases were identified by searching the hospital information system and ICU
registry, followed by manual review of the clinical documentation. The recorded diagnosis
of DKA was reviewed alongside admission glucose, pH, bicarbonate and semiquantitative
urine ketone findings. Patient identifiers were checked to identify repeat admissions. The
cohort comprised 91 unique patients, each of whom contributed one hospitalization; no
patient was hospitalized more than once during the study period. The study is reported in
accordance with the STROBE recommendations [24].

ICU admission was considered for severe DKA, haemodynamic instability, altered
consciousness or comorbidity that complicated treatment, with decisions made in consul-
tation with the attending physician. Admission was therefore not restricted to patients
with a severe acid-base classification. Patients with a mild acid-base presentation could
receive ICU care when their accompanying illness or clinical condition required intensive
monitoring or treatment.

Patients were transferred from the ICU to the Endocrinology ward after metabolic and
clinical stabilization, once intensive monitoring was no longer required.

The study was conducted in accordance with the Declaration of Helsinki and approved
by the Ethics Committee of University Hospital of Split (Class 520-03/26-01/145; Registry
No. 2181-147/01/06/L].Z.-26-02; decision dated 25 June 2026).

2.2. Clinical Data, Definitions, and Outcomes

For each patient, we recorded demographic and anthropometric characteristics, di-
abetes type and duration, comorbidities, admission vital signs and laboratory findings,
the clinical context of DKA, disposition, follow-up status and total hospital length of stay.
Diabetes was considered newly diagnosed when it was first recognized during the index
hospitalization and established when the diagnosis was already known before admission.
Presentation status and diabetes type were recorded separately. Descriptive analyses used
three mutually exclusive groups: newly diagnosed diabetes, established type 1 diabetes
and established type 2 diabetes.

Among patients with established diabetes, duration was categorized as <5 years,
including a duration of less than 1 year; >5 to 10 years; or >10 years. These categories were
coded 1, 2 and 3, respectively. Newly diagnosed diabetes was coded separately as 0 and was
not included in the previous-DKA model. A history of previous DKA required at least one
hospitalization before the index admission, confirmed by an available discharge summary
from University Hospital of Split or another hospital.

Psychiatric disease was recorded when a psychiatric diagnosis was already documented
before the index hospitalization. All 19 diagnoses predated that admission; none was first
established during the index hospitalization. The variable encompassed depressive, anxiety,
trauma-related, eating, bipolar and psychotic disorders, together with documented opiate
addiction. Other comorbidities were recorded from the clinical documentation. Body mass
index was recalculated from height and weight, and the anion gap as sodium minus chloride
minus bicarbonate.

Newly diagnosed diabetes was treated as presentation status rather than as a mutu-
ally exclusive precipitant. Infection-related presentation required an infection present at
admission, documented by the treating physician and supported by a compatible clini-
cal presentation and appropriate microbiological, imaging or other site-specific findings.
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Infections that developed only during hospitalization were not classified as presenting pre-
cipitants. Among patients with established diabetes, the presentation context was described
as poor diabetes control without recorded infection or infection-related presentation, with
or without poor diabetes control. Infection was also coded independently in the full cohort
because it could coexist with newly diagnosed diabetes.

DKA severity was summarized using a modified acid-base classification derived from
the classic American Diabetes Association thresholds [25]. Mild presentation was defined
by pH 7.25-7.30 or bicarbonate 15-18 mmol/L, moderate presentation by pH 7.00 to <7.25
or bicarbonate 10 to <15 mmol/L, and severe presentation by pH < 7.00 or bicarbonate
<10 mmol/L. When pH and bicarbonate indicated different categories, the more severe
category was used. This classification did not incorporate mental status or quantitative
blood ketone concentrations and was not intended to reproduce the full clinical severity
assessment. Urine ketones were assessed semiquantitatively using dipsticks; quantitative
blood p-hydroxybutyrate was not measured.

Patients were treated using an ADA-based protocol for fluid and insulin manage-
ment [25]. Clinical resolution of DKA was defined by glucose <11.1 mmol/L together
with at least two of the following: bicarbonate >15 mmol/L, venous pH >7.3 or anion gap
<12 mmol/L [25].

The main outcomes were a documented history of previous DKA among patients with
established diabetes and total hospital length of stay, measured in days. Severe acid-base
presentation was examined as a separate exploratory outcome. SAPS II-derived predicted
in-hospital mortality was used as a summary of acute physiological risk in a sensitivity
analysis of length of stay [26]. Separate ICU length of stay and prior exposure to SGLT2
inhibitors, continuous glucose monitoring or insulin-pump therapy were not collected.

2.3. Statistical Analysis

Continuous variables are reported as median and interquartile range (IQR), and cat-
egorical variables as number and percentage. The variables used in the main analyses,
including HbAlc, SAPS Il-derived predicted mortality and lactate, were available for all
91 patients. Exploratory two-group comparisons used the Mann-Whitney U test for contin-
uous variables and Fisher’s exact test for categorical variables. The Benjamini-Hochberg
procedure controlled the false discovery rate within each family of comparisons [27].

Previous DKA was modeled among the 68 patients with established diabetes, 28 of
whom had a documented earlier episode. Firth penalized logistic regression was used
because the outcome count was modest and several covariate patterns were sparse [28,29].
The model included age per 10 years, type 1 diabetes, recorded psychiatric disorder and
diabetes-duration category as an ordinal term. Sensitivity analyses added HbAlc and rep-
resented diabetes duration with separate nominal categories. Adjusted odds ratios (aORs),
profile penalized-likelihood 95% confidence intervals (Cls) and penalized likelihood-ratio
p values are reported.

Total hospital length of stay was analyzed using negative binomial regression with
a log link and HC3 heteroscedasticity-consistent standard errors. The predictors were
infection-related presentation, severe acid-base DKA and age per 10 years. Sensitivity
analyses added SAPS II-derived predicted mortality and, separately, included previous
DKA among the 68 patients with established diabetes. The latter model excluded newly
diagnosed patients, for whom previous DKA was not applicable. Standardized fitted mean
stays under infection-related and other presentations were averaged over the observed
covariate distribution, with delta-method Cls based on the HC3 covariance matrix.

A separate post hoc exploratory Firth model examined severe versus mild or moderate
acid-base presentation in all 91 patients. The covariates were newly diagnosed versus
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established diabetes, age per 10 years, sex and infection-related presentation. Component
analyses defined severe presentation separately as pH < 7.00 and bicarbonate <10 mmol/L.
An additional sensitivity model adjusted for actual diabetes type. Adjusted probabilities for
newly diagnosed and established diabetes were marginally standardized to the observed
age, sex and infection distribution, using delta-method ClIs.

Sample size was determined by all eligible ICU admissions during the study period;
no a priori sample-size calculation was performed. Statistical analyses were performed in
RStudio version 2026.05.0 (Posit Software, PBC) using R version 4.6.0 (24 April 2026). Firth
models maximized the Jeffreys-penalized likelihood; negative binomial parameters were
estimated by maximum likelihood, with HC3 inference based on the GLM information and
leverage. Tests were two-sided, and p values and 95% Cls are reported.

Generative-Al assistance was used in preparing analytical code and revising the
manuscript. Numerical estimates were obtained by executing the analytical scripts on
the study data, and code and outputs were checked against the source records.

3. Results
3.1. Clinical Profile of the Study Cohort

The cohort comprised 91 unique adults; median age was 43 years (IQR 26.5-63.5), and
51 (56.0%) were men. Diabetes was newly diagnosed in 23 patients (25.3%), including 8
with type 1 and 15 with type 2 diabetes. Among 68 patients with established diabetes, 43
had type 1 and 25 had type 2 diabetes (Table 1).

A previously documented psychiatric disorder was present in 19 patients (20.9%);
depression was the most frequent diagnosis (n = 7), followed by post-traumatic stress
disorder (n = 3). The remaining diagnoses included anxiety, eating, bipolar and psychotic
disorders and opiate addiction. Infection-related presentation occurred in 18 patients
(19.8%): respiratory infection in 9, urinary tract infection in 6, gastrointestinal infection in 2
and prostatitis in 1 (Supplementary Table 54).

Table 1. Clinical characteristics by diabetes presentation group.

Systolic blood pressure, mmHg
Heart rate, beats/min

129 [110-140]
108 [96-119]

130 [120-140]
108 [96-120]

120 [103-133]
110 [99-118]

Characteristic Overall Newly Diagnosed  Established TIDM Established T2DM

(n=91) (n=23) (n=43) (n=25)

Age, years 43 [26.5-63.5] 40 [29.5-54.0] 33 [22.5-46.5] 67 [55.0-71.0]
Male sex 51 (56.0%) 8 (34.8%) 25 (58.1%) 18 (72.0%)

BMI, kg/m? 23.8 [20.9-27.7] 21.7 [20.3-28.1] 22.4[19.9-24.7] 27.4 [24.2-29.4]
Recorded psychiatric disorder 19 (20.9%) 2 (8.7%) 13 (30.2%) 4 (16.0%)

Previous DKA among o . o o

established diabetes 28/68 (41.2%) Not applicable 25 (58.1%) 3 (12.0%)
Infection-related presentation 18 (19.8%) 2 (8.7%) 7 (16.3%) 9 (36.0%)

120 [100-140]
100 [90-114]

Admission glucose, mmol/L  28.1 [21.9-35.8] 30 [27.0-36.5] 27 [22.1-35.1] 26.2 [19.7-37.2]
Admission pH 7.12[7.00-720]  7.2[7.10-7.20] 7.02 [6.92-7.19] 7.13 [7.00-7.20]
Bicarbonate, mmol/L 10 [7.8-12.5] 11.9 [10.5-13.1] 8.8 [6.3-12.2] 9.3 [7.8-11.1]
Calculated anion gap, mmol/L  28.8 [24.4-34.7] 26 [21.7-28.9] 29.5 [25.7-34.5] 33 [26.9-36.7]
Lactate, mmol/L 2.4[1.9-2.8] 2.4[2.0-2.8] 2.4[2.0-3.0] 2.4 [1.7-2.7]
HbAlc, % 11.3[9.8-12.8]  12.4[11.1-14.2] 11.2 [9.6-12.1] 10.8 [9.8-12.6]
SAPS Il-derived predicted g 714 7 51 3 9.7 [45-135] 7.9 [3.7-12.3] 213 [9.7-34.6]
mortality, %
Mild acid-base presentation 5 (5.5%) 1 (4.3%) 2 (4.7%) 2 (8.0%)
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Table 1. Cont.
Characteristic Overall Newly Diagnosed Established TIDM Established T2DM
(n=91) (n=23) (n=43) (n=25)
Moderate acid-base 35 (38.5%) 15 (65.2%) 12 (27.9%) 8 (32.0%)
presentation

Severe acid-base presentation 51 (56.0%) 7 (30.4%) 29 (67.4%) 15 (60.0%)

Hospital length of stay, days 8 [5.5-10.5] 9 [7.0-10.5] 7 [5.0-10.0] 8 [6.0-12.0]

Transferred to Endocrinology 69 (75.8%) 20 (87.0%) 32 (74.4%) 17 (68.0%)
Discharged directly after ICU ) 5 5, 3 (13.0%) 11 (25.6%) 8 (32.0%)

treatment

Data are median [IQR] or n (%). All listed variables were available for each patient in the relevant
group. Previous DKA is applicable only to established diabetes (overall denominator 68). The
newly diagnosed group comprised 8 TIDM and 15 T2DM cases. Infection could coexist with newly
diagnosed diabetes. BMI, body mass index; DKA, diabetic ketoacidosis; ICU, intensive care unit;
SAPS 11, Simplified Acute Physiology Score II; TIDM/T2DM, type 1/type 2 diabetes mellitus.

Two newly diagnosed patients also had an infection. Among patients with established
diabetes, 52/68 (76.5%) presented without recorded infection and 16/68 (23.5%) with
infection. The modified acid-base classification identified 5 mild, 35 moderate and 51 severe
presentations. Median total hospital stay was 8 days (IQR 5.5-10.5); 69 patients were
transferred to Endocrinology and 22 were discharged directly after intensive-care treatment.
There were no in-hospital deaths.

3.2. Documented History of Previous DKA

Previous DKA was documented in 28/68 patients with established diabetes (41.2%). It
was present in 25/43 patients with established type 1 diabetes (58.1%) and 3/25 with
type 2 diabetes (12.0%), and in 13/17 patients with a recorded psychiatric disorder
(76.5%) versus 15/51 without one (29.4%). Unadjusted comparisons are presented in
Supplementary Table S1.

In the primary Firth model, established type 1 diabetes (aOR 6.09, 95% CI 1.18-39.83;
p = 0.031) and recorded psychiatric disorder (aOR 7.35, 95% CI 1.92-36.47; p = 0.003) were
associated with previous DKA. Both estimates had wide confidence intervals (Table 2 and
Figure 1). The associations persisted in models adding HbAlc or representing diabetes
duration as nominal categories (Supplementary Table 52).

Table 2. Firth penalized logistic model for documented previous DKA.

Predictor Adjusted OR 95% CI p
Age (per 10 years) 0.86 0.55-1.30 0.465
Established type 1 diabetes 6.09 1.18-39.83 0.031
Recorded psychiatric disorder 7.35 1.92-36.47 0.003
Diabetes duration (per category) 1.84 0.80-4.79 0.154

N = 68 patients with established diabetes; 28 with previous DKA. CIs use profile-penalized likelihood.
Duration categories were <5, >5-10 and >10 years. CI, confidence interval; OR, odds ratio.

3.3. Hospital Length of Stay

Median total hospital stay was 10 days (IQR 6-16) for infection-related presentations
and 8 days (IQR 5-10) for other presentations. After adjustment for age and severe acid—base
presentation, infection was associated with a longer expected stay (adjusted incidence rate
ratio [aIRR] 1.40, 95% CI 1.07-1.82; p = 0.013; Table 3 and Figure 2).
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Age (per 10 years) |—I—| 0.86 (0.55-1.30)
Type 1 diabetes (vs. type 2) ' L | 6.09 (1.18-39.83)
Recorded psychiatric disorder k L | 7.35(1.92-36.47)
Diabetes duration (per category) }—-—l—| 1.84 (0.80-4.79)

05 1 2 5 10 20 50
Adjusted odds ratio
Figure 1. Adjusted odds ratios for documented previous DKA. Squares indicate adjusted estimates

and horizontal lines profile penalized-likelihood 95% CIs. The vertical reference line indicates an OR
of 1; the horizontal scale is logarithmic.

Table 3. Negative binomial model for total hospital length of stay.

Predictor Adjusted IRR 95% CI p
Infection-related presentation 1.40 1.07-1.82 0.013
Severe acid-base presentation 1.09 0.89-1.35 0.395

Age (per 10 years) 1.02 0.97-1.08 0.472

N =91 patients. Negative binomial regression with HC3 robust standard errors. CI, confidence
interval; IRR, incidence rate ratio.

Infection-related presentation . 1.40 (1.07-1.82)

Severe acid—base DKA I—v—l—{ 1.09 (0.89-1.35)

Age (per 10 years) |—I—| 1.02 (0.97-1.08)
0.’8 i 1.|25 115 é

Adjusted incidence rate ratio

Figure 2. Adjusted incidence rate ratios for total hospital length of stay. Squares indicate adjusted
estimates and horizontal lines HC3 robust 95% ClIs. The reference line indicates an IRR of 1; the
horizontal scale is logarithmic.

Standardized adjusted mean stays were 11.4 days (95% CI 8.6-14.1) with infec-
tion and 8.1 days (7.2-9.0) without infection, an adjusted difference of 3.2 days (95%
CI 0.4-6.1). The infection estimate was similar after adding SAPS II-derived predicted
mortality and, in the established-diabetes model, additionally including previous DKA
(Supplementary Table S3).

3.4. Exploratory Analysis of Severe Acid—Base Presentation

Severe acid-base presentation occurred in 7/23 patients with newly diagnosed diabetes
(30.4%) and 44/68 with established diabetes (64.7%). In the post hoc Firth model, newly
diagnosed diabetes was associated with lower odds of severe presentation (aOR 0.24, 95%
CI0.08-0.67; p = 0.006; Table 4 and Figure 3). The association remained after additional
adjustment for diabetes type (aOR 0.24, 95% CI 0.07-0.76; p = 0.015).
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Table 4. Post hoc Firth model for severe acid-base presentation.
Predictor Adjusted OR 95% CI p
Newly diagnosed diabetes 0.24 0.08-0.67 0.006
Age (per 10 years) 0.93 0.73-1.18 0.556
Male sex 0.76 0.30-1.83 0.543
Infection-related presentation 1.43 0.49-4.54 0.521

N = 91 patients; 51 with severe acid-base presentation. CIs use profile-penalized likelihood. CI,
confidence interval; OR, odds ratio.

Newly diagnosed diabetes —— 0.24 (0.08-0.67)

Age (per 10 years) HH 0.93 (0.73-1.18)

Male sex —a— 0.76 (0.30-1.83)

Infection-related presentation —a— 1.43 (0.49-4.54)
0.65 0.Il 0.'25 0?5 i é é

Adjusted odds ratio

Figure 3. Adjusted odds ratios for severe acid-base presentation in the post hoc model. Squares
indicate adjusted estimates and horizontal lines indicate profile-penalized likelihood 95% Cls. The
reference line indicates an OR of 1; the horizontal scale is logarithmic.

Standardized probabilities of severe presentation were 30.8% (95% CI 15.2-52.4%)
for newly diagnosed and 64.3% (52.2-74.8%) for established diabetes. Component analy-
ses using pH <7.00 or bicarbonate <10 mmol/L yielded estimates in the same direction
(Supplementary Table S5). These analyses were exploratory.

4. Discussion

The principal findings concern a documented history of DKA and the current hospital
course, which are related but distinct outcomes. Among patients with established diabetes,
type 1 diabetes and recorded psychiatric disorder were associated with previous DKA.
Infection-related presentation was associated with a longer total hospital stay. The estimates
identify patterns within a small, clinically selected ICU cohort, rather than independent
causes or reliable predictors for individual patients. A separate post hoc analysis suggested
less frequent severe acid—base presentation in newly diagnosed diabetes, but that compari-
son requires particular caution because the groups differed in diabetes-type composition.

The psychiatric association is consistent with observational studies and systematic
review evidence linking repeated DKA to psychological and social vulnerability [10-15].
The recorded diagnoses in this cohort were heterogeneous: depression was most frequent,
but trauma-related and anxiety disorders, bulimia, bipolar disorder, schizophrenia and
opiate addiction were also represented. All were known before the index admission, which
excludes psychiatric diagnoses first made during that hospitalization as the basis of the ob-
served variable. It does not establish that a diagnosis preceded the earlier DKA episode, nor
that the different conditions share the same relationship with DKA. The pooled coefficient
cannot be attributed to depression or any other individual diagnosis.

Several clinically plausible pathways may connect these conditions with difficulties
managing diabetes. Symptoms, treatment burden, disrupted routines and reduced access to
support can affect insulin administration or recognition of deteriorating glycaemic control.
Intentional and unintentional insulin interruption may coexist with practical barriers. Recent
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qualitative research has identified limited access to ketone-testing supplies, mental-health
challenges and fear of stigma as barriers to DKA prevention [16]. None of these mechanisms
was measured directly here. We therefore cannot determine whether psychiatric morbidity
itself, its consequences for daily care, associated social conditions or other unmeasured
factors explain the association. Recording a psychiatric diagnosis should not be interpreted
as evidence of non-adherence.

Documentation also affects what can be observed. Patients with repeated healthcare
contact have more opportunities for an existing psychiatric condition to be recognized
and entered into the record. Under-recognition among patients with fewer contacts could
exaggerate the apparent separation between history groups. Although diagnoses were
already known at the index admission, the direction of the relationship with earlier DKA
remains unresolved. Metabolic crises may themselves intensify distress, and longitudinal
evidence links DKA admission with subsequent serious psychological outcomes [30].

The association with established type 1 diabetes is biologically plausible because
sustained exogenous insulin is necessary to prevent ketogenesis [1,3]. However, diabetes
type is also linked to age at diagnosis, treatment modality and the length of time during
which an earlier episode could have occurred. Adjustment for broad duration categories
cannot fully account for these differences. Prospective evidence demonstrates substantial
variation in DKA risk within type 1 diabetes itself [31]. The wide confidence interval in
our model therefore matters: the direction of the association was more informative than
its precise magnitude. The analysis concerns documented previous events and does not
estimate the probability of a future recurrence after discharge.

For infection, total hospital stay is an organizational as well as a clinical endpoint. The
observed association may reflect treatment of the concurrent infection, diagnostic investiga-
tions, comorbidity and the timing of transfer or discharge. It should not be interpreted as a
causal effect of infection on the speed of DKA resolution. Other DKA cohorts show that
inpatient outcomes depend on comorbidity and accompanying illness, and that total stay
need not correspond closely to biochemical recovery [18,19,32,33]. Separate ICU stay and
time to metabolic resolution were not collected, so these components cannot be disentangled
in the present analysis. The shorter unadjusted stay among patients with previous DKA
could reflect differences in recognition or care pathways; the established-diabetes sensitivity
analysis did not establish a clear independent association with stay.

The lack of a clear association between the severe acid-base category and total stay
does not establish that physiological severity is unimportant. A single admission clas-
sification captures only part of an evolving illness, while subsequent management and
discharge processes can weaken its relationship with total hospital days. Studies examin-
ing biochemical normalization and hospital utilization have used different outcomes and
care settings [33,34]. Our estimate is consequently best read as an imprecise secondary
coefficient within the specified model, not as evidence that severity has no bearing on
clinical management.

Selection into intensive care places an additional limit on both analyses. At this center,
ICU admission depends on haemodynamic or neurological compromise and treatment-
complicating comorbidity as well as acid-base severity. A patient with mild biochemical
DKA may therefore enter the cohort for reasons different from those of a patient with
profound acidosis. Conditioning on ICU admission can alter the observed relationships
between these characteristics. Internationally reported differences in ICU admission criteria
and observational evidence on protocolized non-ICU pathways illustrate why results from
an ICU cohort should not be transferred directly to an unselected emergency-department
population [20-22]. The single-center setting cannot establish a distinct regional DKA
phenotype.
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The exploratory comparison of newly diagnosed and established diabetes remains
sensitive to case mix. Of the 23 newly diagnosed patients, eight had type 1 and 15 type
2 diabetes, whereas type 1 diabetes predominated among those with established disease.
Adjustment for diabetes type did not remove the association with acid-base severity, but it
cannot eliminate differences within these broad categories or in the pathway to diagnosis.
Residual insulin secretion, preceding treatment and diagnostic delay may contribute to the
observed pattern [1,3,23,33]. The small newly diagnosed subgroups do not support firm
type-specific conclusions. No inference should be made that newly diagnosed diabetes is
intrinsically less dangerous; the finding remains a question for replication rather than an
established difference between disease stages.

The severity measure also requires careful naming. Our modified classification used
the more severe of pH and bicarbonate and did not include mental status or quantitative
ketonemia. It therefore describes acid-base presentation, not the full severity assessment
proposed by classic or contemporary consensus guidance [3,25]. pH and bicarbonate can
reflect disturbances other than ketoacidosis, including mixed acid-base disorders, and
cannot quantify the ketone burden. Component analyses help show whether a result
depends entirely on one threshold, but agreement between such analyses does not validate
the classification as a comprehensive measure of clinical severity. Hyperosmolality and
combined DKA-hyperosmolar presentations may also affect outcomes in ways not captured
by this acid—base measure [35].

Several limitations remain despite more detailed clinical definitions. The sample com-
prised 91 patients, and the previous-DKA model included only 68 patients and 28 events.
Firth regression can reduce small-sample bias and address sparse covariate patterns, but it
cannot recover information that the study does not contain. Wide intervals remain compati-
ble with substantially different association sizes. Robust covariance estimates likewise do
not remove residual confounding. Insulin omission, health literacy, financial or practical
barriers, continuity of care and psychiatric treatment were not measured systematically.
Prior SGLT2-inhibitor exposure, glucose-monitoring technology and insulin-pump use were
not collected. The post hoc severity analysis is additionally vulnerable to chance findings
and should remain subordinate to the main analyses.

The clinical implication is a focused, non-stigmatizing assessment after DKA, not a
diagnosis-based prediction rule. A known psychiatric disorder may provide a reason to
review current mental-health needs, the feasibility of the insulin regimen and access to
practical support. It does not identify the cause of an individual episode. Contempo-
rary guidance supports routine psychosocial assessment and referral when indicated [36].
Repeated DKA may warrant specialist mental-health involvement [37]. Completion of
structured education and insulin-pump use were associated with lower DKA rates in na-
tionwide observational studies [38,39]. These findings provide a rationale for integrated
follow-up, but our study did not test either intervention or establish which patients would
benefit most.

Prospective multicenter work should recruit across ICU and non-ICU pathways, docu-
ment the timing of psychiatric diagnoses and DKA episodes, and collect treatment, technol-
ogy and social-context variables in a consistent manner. Recording metabolic resolution
separately from ICU transfer and hospital discharge would allow the acute physiological
response to be distinguished from the broader care process. Larger samples would also
permit assessment of individual psychiatric conditions and diabetes-type-specific presenta-
tion patterns without relying on unstable small subgroups. Until then, the present findings
should be used to frame these questions and describe local clinical experience, rather than
to support causal claims or individual risk prediction.
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5. Conclusions

In this small ICU cohort, established type 1 diabetes and recorded psychiatric disorder
were associated with documented previous DKA, and infection-related presentation was
associated with longer total hospital stay. A post hoc association between newly diagnosed
diabetes and less severe acid-base presentation warrants replication. Selection into intensive
care, residual confounding and imprecise estimates limit interpretation. These findings do
not establish causation or support individual risk prediction.
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acid-base presentation.
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