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Abstract

Diabetic ketoacidosis (DKA) is a severe acute complication of diabetes, resulting from an insulin deficiency
that leads to hyperglycemia, metabolic acidosis, and significant fluid and electrolyte losses, particularly
phosphorus. This element plays a crucial role in energy metabolism and bone mineralization. Our study aims to
assess the frequency of hypophosphatemia in patients with DKA, analyze the impact of phosphorus
supplementation on insulin requirements, and examine its influence on the length of hospitalization in the
intensive care unit. This prospective study was conducted over 12 months and included 55 cases of diabetic
ketoacidosis admitted to the medical intensive care unit at CHU Ibn Rochd in Casablanca. Serum phosphate
levels were measured in all patients, with a median value of 18 mg/L. Based on these levels, our sample was
divided into two groups: one with normal phosphatemia and the other with hypophosphatemia. The average age
of patients was 43.85 years, with a female predominance. Hypophosphatemia was observed in 56% of patients
at admission, requiring systematic intravenous correction, with an average supplementation duration of 8.6 +
5.4 days. In these patients, a significant reduction in insulin requirements was noted. The average length of
hospital stay was 8.9 + 6.1 days, with a longer stay in the hypophosphatemic group. The overall mortality rate
was 29.1%. Hypophosphatemia is frequent in DKA. Its correction through phosphorus supplementation
improves glycemic control and may contribute to an optimized management of patients in intensive care by
reducing insulin requirements and potentially influencing the length of hospitalization.

Introduction

Diabetes mellitus is a major chronic public health
disease, affecting 537 million people in 2021, with
projections reaching 783 million by 2045 (1). It is
characterized by hyperglycemia due to either insulin
deficiency or impaired insulin effectiveness (2).
Diabetic ketoacidosis (DKA) is a severe acute
complication primarily observed in patients with
type 1 diabetes but can also occur in type 2 diabetes
(3). It results from an insulin deficiency leading to
hyperglycemia, excessive ketone body production,
and metabolic acidosis (4). This condition causes

water and electrolyte loss, including
hypophosphatemia, through various
pathophysiological mechanisms.

Hypophosphatemia is defined as a serum phosphate
level below 0.8 mmol/L (5) and plays a crucial role

in bone mineralization and energy metabolism (6).
However, its clinical implications in DKA remain
insufficiently explored.

The aim of our study is to evaluate the incidence of
hypophosphatemia in patients with DKA, analyze
its impact on insulin requirements and intensive
care unit (ICU) length of stay, and identify
prognostic factors associated with DKA in this
context.

Patients and Methods

We conducted a prospective study on a cohort of
patients admitted for diabetic ketoacidosis to the
medical intensive care unit of CHU Ibn Rochd in
Casablanca over a 12-month period. The study
included 55 patients, all of whom underwent
phosphate level measurement upon admission.
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Hypophosphatemia at admission was considered as
a dependent variable, allowing the formation of two
groups:

e Group 1: Patients with  normal
phosphatemia (23-47 mg/L or 0.74-1.52
mmol/L).

e Group 2: Patients with hypophosphatemia
(<23 mg/L or <0.74 mmol/L), who
systematically received phosphorus
supplementation.

Comparisons between the two groups were
performed using the chi-square test, Fisher’s exact
test for percentages, and Student’s t-test, analysis of
variance (ANOVA), and Friedman test for means.
The length of hospitalization was analyzed at four
time points (Day 1, Day 2, Day 3, and discharge).
Predictive factors for mortality were assessed using
a stepwise conditional logistic regression for
variables with a p-value < 0.2 in univariate analysis.
A difference was considered statistically significant
for p-value < 0.05.

Results

Epidemiological Aspects

During the study period, 292 admissions were
recorded in the medical intensive care unit, of which
79 were related to diabetic ketoacidosis (DKA),
representing an incidence of 27.05%. After
excluding 24 patients due to the absence of
phosphate measurement, the remaining 55 patients
constituted the study population.

The mean age of the patients was 43.85 + 18.89
years, ranging from 16 to 80 years, with a female
predominance in 70.9% of cases. Pre-existing type 1
diabetes was observed in 38.2% of cases, while type
2 diabetes was present in 50.9% of cases. In 10.9%
of cases, the DKA was the initial presentation of
diabetes. The average duration of diabetes
progression in our cohort was 8.5 + 6.3 years.

Clinical and Etiological Presentation

The clinical presentation was mainly characterized
by an exacerbation of the polyuria-polydipsia
syndrome, reported in 91% of patients, followed by
tachypnea in 83.6%, altered consciousness in
65.5%, abdominal pain in 56.4%, and nausea and
vomiting in 45.5% of cases. The mean venous blood
glucose level at admission was 3.04 + 1.12 g/L.
Urine dipstick tests were positive in all patients,

with an average glycosuria of 2.13 + 0.5 crosses and
an average ketonuria of 2.36 £+ 0.6 crosses.

Arterial blood gas analysis revealed metabolic
acidosis in all patients, with a pH ranging from 6.6
to 7.30 and a bicarbonate level ranging from 4
mmol/L to 25 mmol/L. Clinical and paraclinical
data analysis identified the causes of diabetic
decompensation. Infection was the leading cause in
58.2% of cases, with urinary tract infections being
the most common (50%). Non-infectious causes
accounted for 41.8% of cases, including non-
adherence to treatment (14.5%) and organic
pathologies (27.3%).

Hydroelectrolytic Profile

At admission, 50.9% of patients had normal sodium
levels, while 29.1% had hypernatremia and 20%
had hyponatremia. Potassium levels were normal in
41.8% of cases, while 41.8% had hypokalemia and
16.4% had hyperkalemia. The mean blood urea
level was 0.85 + 0.67 g/L, and the mean creatinine
level was 20.5 + 12.4 mg/L.

The median phosphate level was 18 mg/L, with
extreme values ranging from 6 to 47 mg/L.
Phosphate levels were normal in 24 patients (43.6%
of cases), while hypophosphatemia was detected in
31 patients (56.4%), all of whom systematically
received intravenous phosphorus supplementation.
Their phosphate levels normalized during their ICU
stay, except for two patients at discharge.

Therapeutic Management

The management of DKA in our cohort was based
on four key components: rehydration, insulin
therapy, correction of hydroelectrolytic imbalances,
and treatment of the underlying cause.

Sixteen patients (29.1%) required mechanical
ventilation, with an average duration of 6.7 £ 5.4
days, ranging from 2 to 17 days.

Rehydration protocols were individually adjusted
based on the patient's clinical condition, particularly
the degree of dehydration, cardiac status, and
comorbidities. Specifically, 1 to 2 liters of 0.9%
saline solution were administered during the first
two hours, with a total daily intake of 3 to 5 liters,
considering blood glucose monitoring and urinary
losses.

Correction of hydroelectrolytic imbalances included
management of dyskalemia and dysnatremia, as
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well as systematic phosphorus supplementation for
all patients with hypophosphatemia at admission.
The average duration of  phosphorus
supplementation was 8.6 + 5.4 days, with a range of
3 to 29 days.

Daily insulin requirements varied between the two
groups. Patients with normal phosphate levels at
admission showed an increase in insulin needs from
35.5 IU to 37 IU at discharge. Conversely, those
with hypophosphatemia who received intravenous
phosphorus supplementation exhibited a significant
decrease in insulin requirements, from 40.0 IU at
admission to 26.5 IU at discharge, as illustrated in
Figure 1.
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Figure 1: Evolution of Insulin Requirements by
Group (Blue: Patients with normal phosphate
levels, Orange: Patients with hypophosphatemia)

Evolution and Prognosis

In our study, the overall outcome was favorable in
71% of cases, while 29% of patients died.

The length of hospital stay was slightly longer in
patients with hypophosphatemia (9.8 + 6.9 days)
compared to those with normal phosphate levels
(7.6 £ 4.5 days). However, this difference was not
statistically significant (p-value = 0.184).
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Figure 2: Insulin Requirements in Patients with
DKA During Their ICU Stay

This figure illustrates the variation in daily insulin
needs among patients with diabetic ketoacidosis
(DKA) throughout their stay in the intensive care

unit (ICU).

Parameters Survivor | Decease | P-

s (n=39) | d (n=18) | value
APACHE Score, | 10.72 +]14.63 =+ 0.002*
mean =+ standard | 3.83 441
deviation (SD)
SOFA Score, | 3.26 +]7.19 +10.001*
mean + SD 2.41 3.69
Nosocomial 5 9 0.0001
infection (35.7%) | (64.3%) |*
Age,mean+SD |429 +|46.1 +]0.522

18.4 20.5
Hypophosphatemi 0.227
a at admission
Yes 24 7

(77.4%) | (22.6%)
No 15 9

(62.5%) | (37.5%)
Albuminemia, 27.1 +(20.8 =+ |0.005*%
mean = SD 5.8 2.8
Table 1: Factors Associated with Mortality in
Patients with DKA

This table summarizes the significant factors
associated with mortality in our sample. Univariate
analysis identified the following variables as
significantly linked to fatal outcomes: Higher mean
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SOFA scores (p = 0.001),Higher mean APACHE II
scores (p = 0.002),Presence of nosocomial infection
(p=0.0001),Hypoalbuminemia at discharge (p =
0.005)

These findings highlight the prognostic value of
these factors in the management of diabetic
ketoacidosis in ICU settings.

Discussion

Diabetes mellitus is a chronic disease and a major
public health issue, being a priority for healthcare
systems. In 2021, the International Diabetes
Federation estimated that there were 537 million
diabetics worldwide, with an alarming projection of
783 million by 2045 if preventive measures are not
taken (1).
Diabetes can lead to various complications,
including diabetic ketoacidosis (DKA), a serious
medical emergency that primarily affects patients
with type 1 diabetes but can also occur in type 2
diabetes. It results from an absolute or relative
insulin deficiency combined with an elevation of
counter-regulatory hormones. The diagnosis of
DKA is made with a venous glucose level greater
than 2.5 g/L (13.8 mmol/L), an arterial pH below
7.30, and plasma bicarbonate levels lower than 15
mmol/L, with the presence of ketone bodies in the
blood or urine (7,8).

Patients with DKA typically present after several
hours or days of symptoms such as polyuria,
polydipsia, and weight loss. Nearly 40 to 75% also
exhibit nausea, vomiting, and abdominal pain.
Examination reveals dehydration, and in cases of
severe acidosis, consciousness disturbances and
Kussmaul breathing are frequently observed (9).
Infection and non-compliance with medical
treatments are identified as the two main triggers of
diabetic ketoacidosis (10,11).

During diabetic ketoacidosis (DKA), several
electrolyte disturbances occur due to the metabolic
disruptions caused by insulin deficiency and
hyperglycemia.

Sodium is often affected, with frequent
hyponatremia due to the shift of water into the
extracellular ~ compartment in  response to
hyperglycemia. Hypernatremia may also occur in
severe dehydration cases, leading to a contraction of
the extracellular volume (12). Potassium levels
undergo significant variations. Initially,

hyperkalemia may be observed due to acidosis,
which promotes the release of potassium from cells.
However, with insulin therapy and correction of
acidosis, secondary hypokalemia may develop,
requiring close monitoring and appropriate
correction to prevent cardiac and neuromuscular
complications (13). Hypophosphatemia is another
common abnormality, especially after insulin
therapy. Its incidence wvaries across studies. In
comparison to studies conducted in the Netherlands,
a frequency of 74% was reported in 2021 (14). A
similar figure of 77% was also noted in a 2022 U.S.
study (15), while a recent study in Spain in 2024
noted a frequency of 36% (16). In our series, we
observed a 56% frequency of hypophosphatemia at
admission in patients with diabetic ketoacidosis.

Although its clinical impact remains controversial,
severe hypophosphatemia can lead to muscular,
neurological, and respiratory complications. In the
context of diabetic ketoacidosis, it results from
several mechanisms: transcellular phosphorus
transfer, osmotic diuresis causing excessive urinary
losses, reduced renal reabsorption, and insulin
deficiency limiting its cellular entry. Additionally,
insulin therapy causes intracellular redistribution of
phosphorus, further aggravating its depletion. A
decrease in phosphorus reserves is also associated
with insulin resistance (17,18), resulting from a
defect in insulin binding to its receptors. Moreover,
hypophosphatemia can impair insulin secretion by
the pancreas (19). The study by Gargouri O et al.
(20) conducted in Turkey compared the insulin
doses administered to patients based on their
phosphorus levels. Patients with hypophosphatemia
received a higher average dose (80.85 = 40.88 UI)
than those with normal phosphorus levels (62.25 +
40.72 UI). In our study, insulin requirements
increased in patients with normal phosphorus levels,
while  they  decreased in  those  with
hypophosphatemia, which may be explained by the
systematic phosphorus supplementation of these
patients, promoting the correction of
hypophosphatemia and the restoration of associated
energy metabolism. Furthermore, an Indian study
by Raul K. et al. (21) conducted in 2015 showed
that hypophosphatemia in DKA was associated with
prolonged hospitalization, with an average of 10
days compared to 5.45 days in patients with normal
phosphorus levels, this difference being statistically
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significant (p = 0.00). In our series, the length of
hospitalization was slightly longer in patients with
hypophosphatemia (9.8 + 6.9 days) compared to
those with normal phosphorus levels (7.6 = 4.5
days), but this difference was not statistically
significant (p = 0.184).

To date, few studies have assessed the clinical value
of phosphorus supplementation. A study conducted
on 34 sepsis patients in intensive care showed a
significant reduction in cardiac arrhythmias
compared to a previous cohort of 16
unsupplemented patients (22). Moreover, an
improvement in cardiac performance was observed
in seven hypophosphatemic patients after correction
of their phosphorus levels (23).
In our study, phosphorus supplementation led to the
normalization of phosphorus levels in most
hypophosphatemic patients, with the exception of
two patients at discharge. It also seemed to
contribute to the reduction of insulin requirements
in these patients.

Conclusion

Among the electrolyte imbalances that occur during
DKA, hypophosphatemia is common and correlated
with the severity of acidosis. Although its clinical
consequences remain poorly defined, it could have a
significant impact on the progression of patients.
Phosphorus  supplementation, although rarely
associated with adverse effects and allowing for
rapid correction of phosphorus levels, remains
controversial due to the lack of large-scale studies
evaluating its benefit. This scientific gap explains
the heterogeneity of practices in its management. A
better  understanding of the effects of
hypophosphatemia and the benefits of targeted
supplementation could thus help optimize the
management of patients with DKA and improve
their prognosis.
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