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Purpose: This study aimed to characterize adult patients admitted with diabetic ketoacidosis (DKA) in northern Jordan.

Methods: The study examined medical records of patients diagnosed with DKA from January 2015 to April 2018. Variables analyzed
included diabetes type, precipitating illness, admission month, hospital length of stay, and biochemical markers.

Results: Out of 232 admissions with DKA, 70% were diagnosed with type 2 diabetes, and 56% were females. 12% of admissions had
a new diagnosis of diabetes, of which 51% had type 2 diabetes. Sepsis (48%), Non-adherence (26%), and diabetic foot infections
(18%) were the most encountered precipitating factors for DKA in TIDM. As for T2DM, sepsis (52%), acute coronary syndrome
(12%), and pancreatitis (8%) were the most precipitating factors for DKA. High urea levels, high creatinine levels, low phosphorous
levels, low hemoglobin levels, and high platelet counts were associated with a longer hospital stay for type 1 diabetes. For type 2
diabetes, low pH on admission, old age, and high Hb Alc within 6 months of admission were factors associated with a prolonged
hospital stay. The study found a significant peak of admissions for DKA in both type 1 and type 2 patients in the winter and spring
months (Pearson P-value= 0.0013).

Conclusion: The results of the present study highlight the seasonal variation in the frequency of DKA hospitalizations. It also
highlights sepsis as the most frequent precipitating factor of DKA in both type 1 and type 2 DM patients.
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Introduction
There are three main characteristics of diabetic ketoacidosis (DKA): ketonemia, acidemia, and hyperglycemia.' Diabetes
ketoacidosis develops when insulin is completely or relatively deficient during the presence of excess counter-regulatory
hormones.” Diabetic ketoacidosis (DKA) is a potentially life-threatening complication of type 1 diabetes and has been
classically associated with it. However, type 2 diabetes patients have increasingly been diagnosed with this complication.
Patients who experience diabetic ketoacidosis without a phenotype of Type 1 Diabetes are called Ketosis Prone Diabetics.”
DKA has been reported primarily in Afro-Caribbean and indigenous populations of North America with type 2 diabetes.>*
There have been studies analyzing DKA admissions in Chinese, Pakistani and Indian populations with type 2 diabetes as
well.””7 Thus, DKA is not exclusively associated with certain ethnic minorities.”

Our geographic location is transcontinental. There are many ethnicities in our area, mostly Arabs. Diabetes is highly
prevalent in the Middle East. Prevalence of diabetes in Jordan was estimated to approach 32.4% back in 2017.'°

Currently, we lack studies in our region that describe patients who are ketosis-prone. We tried to describe these
patients according to available data in our institution.

Patients who were admitted to critical care as a result of DKA were analyzed. We examined their data based on their
demographics, precipitating illness, severity of presentation, and peak admission times.
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Materials and Methods

Subjects

The study subjects included in the analysis were admitted to King Abdullah University Hospital with the diagnosis of
DKA between January 2015 and April 2018. DKA diagnosis is given according to the American Diabetes Association
guidelines,” DKA was defined by pH less than 7.3, high glucose levels, positive ketones (serum or urine), and bicarbonate
levels less than 18 mEq per L. Subjects determined eligible to be included in the analysis were 14 years or above,
admitted to ICU with the diagnosis of DKA. Patients were determined to be type 1 or type 2 diabetes according to the
history in medical records, age at time of diagnosis of diabetes, mode of presentation and medications used to treat
diabetes from the outset. Antibodies of type 1 diabetes and c-peptide level are not available in our institution laboratories
to further differentiate types of diabetes and thus were not collected.

Methods

A retrospective review of medical records was conducted. Various data were collected about the patients such as
age, gender, length of hospital stay, the month of admission, and cause of hospitalization. We collected laboratory
results done on the day of admission, including serum glucose, glycated hemoglobin (HbAlc), venous pH,
bicarbonate levels, kidney function tests, serum electrolytes, and complete blood counts. We defined the four
seasons as winter in December—February, spring in March—May, summer in June—August, and autumn in

September—November.

Statistical Analysis

We used a Walter and Elwood 6 reversal of the Edwards test to determine the monthly variation in hospitaliza-
tions. In contrast, we used the Chi-squared test to determine whether DKA’s observed and expected seasonal
incidences differed. The length of hospital stay was tested for normality to determine the factors that affected the
length of hospital stay. We used log transformation to fix the normality issue when Q-Q plots were used, as shown
in Figures 1 and 2. Linear regression was used afterward.
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Figure | Testing the normality of the length of hospital stay. It was not normal when Q-Q plots were used.
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Figure 2 Using log transformation fixed the normality issue.

Statistical analysis was conducted using JMP Pro 14 (SAS Institute Inc., Cary, NC, USA) and STATA 13.0
(StataCorp, College Station, TX, USA). All P-values are two-sided, and the significance level was set at P < 0.05.

Ethics Statement

The present study protocol was reviewed and approved by the Institutional Review Board (IRB) which is formed by
active faculty members of the faculty of medicine in Jordan University of Science and Technology. This is a retrospective
chart review and data collected would not adversely affect rights and welfare of subjects, so informed consent from
participants was waived by IRB. Patient data confidentiality was observed in compliance with the Declaration of
Helsinki.

Results
The hospital intensive care unit at our hospital has received a total of 232 DKA admissions during the period from
January 2015 to April 2018.

Patients hospitalized with DKA had a mean age of 25.27+ 5.52 for T1DM patients and 59.73+ 13.43 for T2DM patients.
There were 68 patients with type 1 diabetes and 164 with type 2 diabetes. Among all patients, 56% were females. In 12% of
admissions, diabetes was diagnosed for the first time; 51% of those diagnosed had type 2 diabetes. Table 1.

The results of the laboratory tests conducted on the day of admission are presented in Table 2.

Having an extended hospital stay in type 1 diabetes was associated with high urea, high creatinine, low phosphorus,
low hemoglobin, and a high platelet count. We used linear regression to find the relationship between continuous
variables and the log (#of days) for type 1 diabetes. P-value <0.005.

We studied the same factors for type 2, only the following variables were significant to affect the number of days of
hospitalization; lower pH on admission and older age, as well as higher HbAlc within 3 months of admission.
P-value<0.005.

Three factors were most often associated with DKA admissions to ICU in people with type 1 diabetes and regarded as
the precipitating factors; sepsis (48%), non-adherence to medications (26%), and diabetic foot infections (18%). Figure 3.
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Table | Patients Characteristics

Variable N(%)
DM type | 69 (29%)
DM type 2 162 (71%)

First time DM presentation?

No 202 (87%)
Yes 29 (12%)
Gender

Female 131 (56%)
Male 102 (44%)

Age (years)

Mean + STD Dev
49.47+19.58

# of days admitted

Mean + STD Dev
11.32£13.51

Table 2 Laboratory Results on Admission

Variable Mean £ STD Dev
pH 7.28+0.092
Bicarbonate (mEq/l) 13.32+4.49
Random blood glucose (mmol/l) 21.49£11.55
Partial pressure of carbon dioxide (mmHg) 28.15+9.160
Calcium (mmol/l) 2.60+0.24
Sodium (mmol/l) 136.57+7.150
Chloride (mmol/l) 99.13x11.19
Potassium (mmol/l) 4.54+0.82
Urea (mmol/l) 12.98+9.89
Creatinine (umol/l) 192.18+187.52
Magnesium (mmol/l) 0.85+0.27
Phosphate (mmol/l) 1.52+1.94
White blood cells (10*3/ mm*3) 13.31£7.35
Hemoglobin (g/dl) 10.92+2.63
Platelets count (10*3/ mm*3) 279.88+158.91
Glycated Hemoglobin within 6 months (%) 10.45+2.93

When it came to type 2 diabetes, sepsis (52%), acute coronary syndrome (12%), and pancreatitis (8%) were the most
frequently encountered precipitating factors. Figure 4.

We found a significant peak of admissions for DKA in both type 1 and type 2 patients in the months of winter and

spring (Pearson P-value = 0.0013). Figure 5.
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Figure 3 Precipitating factors of DKA in type | diabetes patients.

Discussion

In northern Jordan, from 2015 to 2018, we studied patients who presented with DKA, the factors that contributed to the
development of this complication and how it affected their hospitalization times. Our results describe infection as the main
contributing factor to the development of DKA in both types of diabetes. These findings are consistent with the literature,
which suggest infections as frequent causes for the development of DKA in diabetic patients.''*'?

There is a seasonal pattern to infectious diseases, such as influenza viruses; however, hospitalizations for asthma,
heart failure, and myocardial infarctions also exhibit seasonal fluctuations.'>”'” An analysis of 207 diabetic ketoacidosis
cases from Korea revealed a seasonality that peaks in December for most cases.'® Temporal variations were demonstrated
for acute complications with TID by many studies with winter being a high risk for DKA. Authors explained the
potential causes underlining the temporality of hospitalizations as environmental (eg, temperature, daylight hours, and/or
air pollution), social and/or behavioral (eg holiday periods, changes in dietary habits, and physical activity), physiolo-
gical, or a combination of such factors.'®?* Similar studies have found that HbAlc levels of school children with type 1
diabetes vary seasonally,”* which is associated with changes in the weather. HbAlc levels were inversely related to
temperature (r = —0.56, P = 0.0002) and sunshine hours (r = —-0.52, P = 0.0007).

In another study comparing HbAlc between the Northern and Southern hemispheres, temperature was found again to
be related to variation in HbAlc, with levels being higher in cooler months and lower in warmer months.*’
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Figure 4 Precipitating factors of DKA in type 2 diabetes patients.

Summer
16.8%

Figure 5 Distribution of admissions of DKA in both types of diabetes over the different seasons of the year.

Researchers have also found that glycemic control in adults with type 2 diabetes varies with the season (with
significantly higher HbAlc values noted in winter).”*® There may be a differential risk for DKA depending on the
temporal variation of HbAlc. There is no doubt that the level of HbAlc is a reliable predictor of acute complications,
with higher HbAlc values being associated with DKA.**? Our study found that high HbAlc was associated with
a prolonged hospital stay in type 2 diabetes patients presenting with DKA. That may reflect as well the increased risk of
complications inherent with poor control of diabetes.
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The study also identified other factors that predicted prolonged hospital stay for both types of diabetes.

These factors may be point to the severity of acute illness triggering the onset of DKA.** It may also indicate how
poorly controlled diabetes over the preceding months of acute presentation affects the general health of diabetic patients
which leads to a more protracted stay in hospital.>*

The results of this study contribute to the existing body of knowledge regarding DKA in the Middle East. The study
provides insight into characteristics of DKA in the population of northern Jordan, a region with a relatively high
prevalence of diabetes. Furthermore, the findings of this study can inform clinical practice on the need for monitoring for
infections and adherence to medications in patients with diabetes, particularly during the winter and spring seasons.

The limitations of this study include its retrospective design, which limited the amount of data that could be collected
and analyzed. Additionally, the study was conducted at a single center, which may limit the generalizability of the results
to other regions in Jordan and the Middle East region.

Conclusion

In conclusion, this retrospective study aimed to identify the characteristics of adult patients admitted with DKA in
northern Jordan, examining variables such as type of diabetes, precipitating illness, month of admission, length of stay,
and biochemical markers. The results of this study revealed a significant peak of admissions for DKA in both type 1 and
type 2 patients in the months of winter and spring, which suggests a seasonal variation in the frequency of DKA
hospitalizations. The most frequent precipitating factor of DKA for both type 1 and type 2 patients was sepsis. For type 2
diabetes patients, it was also found that ketosis-prone diabetes was highly prevalent. This finding highlights the need for
further studies to determine the prevalence of ketosis-prone diabetes in the population of Jordan.
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