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ABSTRACT
Background: Diabetes Ketoacidosis (DKA) is a major complication of Diabetes Mellitus (DM) with a likelihood of 
high mortality if not managed appropriately. It is diagnosed with a triad of hyperglycemia, ketonemia and metabolic 
acidosis. 

Objectives: To describe the precipitating factors, clinical presentation and outcomes of DKA among patients 
attending Moi Teaching and Referral Hospital (MTRH).

Materials and methods: This prospective study involved 120 consecutively recruited participants diagnosed with 
DKA. Participants were drawn from the emergency department and diabetes outpatient clinic and followed up in 
the wards and Intensive Care Unit (ICU) in MTRH for up to 10 days. Focused history and physical examination 
was done. Blood sugar was measured daily; blood ketones and blood gases were measured on days 1, 2, 3 and 
5. Precipitating factors, presentation and outcomes were summarised as frequencies and their corresponding 
percentages and presented in tables and charts.

Result: The median age of participants was 33 years (IQR 23, 44.5). Type 1 DM represented 63.3% and type 2 DM 
34.2% of the patients. The most common precipitating factors for DKA were; new onset undiagnosed DM (37.5%), 
missed medication (36.7%) and infection (35.8%). The most common presentation was dehydration (97.5%) with 
49.2% of the patients having severe DKA while 22.5% had mild DKA. Urine and blood ketones for diagnosis of 
DKA were present in 46.4% and 100% of patients respectively. The median length of hospital stay was 6 days (IQR 
5, 7) with infection being a significant determinant (aOR 2.63). The number of days taken for DKA to resolve 
ranged from 1 to 5 days with a median period of 3 days (IQR 2, 3). DKA in-hospital mortality was 9.2% with new 
onset DM being a significant determinant (uOR 5.19).

Conclusion: Some of the identified DKA precipitants in the study are preventable. The impact of DKA in MTRH 
is notable given the significant hospital stay and mortality. 

Recommendation: We recommend implementation research studies that would develop and test different strategies 
to address the precipitants to prevent DKA. For the hospital to undertake an audit of current DKA management 
process with the aim of improving outcomes in terms of hospital stay and mortality.
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INTRODUCTION 

Diabetes Mellitus (DM) is ranked by World Health Organization 
(WHO) as the fourth contributor to mortality due to non-communicable 
diseases [1]. DM is characterized by chronic hyperglycemia with 
disturbances of carbohydrate, fat and protein metabolism resulting 
from defects in insulin secretion, action or both [2].

There are various classification of DM but there are three main types: 
Type 1 Diabetes Mellitus (T1DM) (10%), Type 2 Diabetes Mellitus 
(T2DM) (85%), Gestational Diabetes Mellitus (GDM) (5%) and 

others.

The global prevalence of DM is gradually rising, especially in the low 
and middle income countries. The International Diabetes Federation 
(IDF) reported that the global prevalence of DM was 9.3%, translating 
to 463 million people affected by 2019 and this number is expected to 
increase to 10.2% translating to 578 million people (25% increment) 
by 2030, and 10.9% that is 700 million people (51% increment) by 
2045.

Currently on the recent updates of the IDF 2022 there are 537 million 
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adults living with DM worldwide, 8.75 million individuals worldwide 
with T1DM and 528.25 million individuals with T2DM. In 2022, 
there were 530,000 new cases of T1DM diagnosed at all ages with 
201,000 of these less than 20 yrs of age. Sixty-two percent of all new 
T1DM cases were in people aged 20 yrs or older [3].

A meta-analysis done by Peer and Azevedo [4,5] looking at DM in 
Africa region involving countries like Kenya, Mali, Mozambique, 
Nigeria, South Africa and Zambia shows a surge in the condition, 
there were estimates of 39,000 people affected by T1DM in 2013 
with 6.4 new cases occurring per year per 100,000 people in children 
and adolescent <14 years old. The prevalence of T2DM among 20-
79 year olds was (4.9%) with the majority of people with diabetes 
<60 years old; the highest proportion (43.2%) was in those aged 40-
59 years. They reported a projected increase in numbers rising from 
19.8 million in 2013 to 41.5 million in 2035, representing a 110% 
absolute increase. There was apparent increase in DM prevalence with 
economic development with rates of (4.4%) in low income countries, 
(5%) in lower middle income countries and (7%) in upper middle 
income countries [4].

As per World Health Organization, the estimated prevalence of DM 
in Kenya was 3.3% in 2018 and predicted to reach 4.5% by 2025. This 
was backed up by the Kenya national STEPS survey which is a simple, 
standardized method for collecting, analysing and disseminating 
data on key non-communicable disease risk factors in countries 
comprising three steps. However, the study concluded that two thirds 
of the people living with DM may be undiagnosed and therefore not 
captured. Another study done in Kenya concluded that Kenya has an 
opportunity to reduce the burden of DM but funding needs to be 
concentrated on public health and primary healthcare interventions 
and people needing to adopt healthy lifestyles.

Diabetes Ketoacidosis (DKA) is a major life threatening complication 
of DM and is one of the most fatal acute complications of DM. It 
is characterized by hyperglycemia, metabolic acidosis and ketonemia 
and occurs due to an absolute or relative deficiency of insulin in the 
body. Without enough insulin, the body begins to break down fat 
as fuel. This causes a build-up of acids in the blood called ketones 
and when left untreated the build-up causes DKA. DKA being an 
acute complication of DM, is associated with high rates of hospital 
admissions.

The prevalence of DKA in a study done on the youth in Colorado, 
DKA occurred in 25-30% of patients with T1DM and 4-29% of 
patients with T2DM.

The prevalence of DKA among hospitalised DM patients in a study in 
Hawassa, Ethiopia was 40%, with 28.7% among T1DM patients and 
11.28% among T2DM patients [6]. Another study done in Nigeria on 
the prevalence and clinical pattern of acute and chronic complications 
in African DM patients done by Jasper, USA, the prevalence of DKA 
was 12.2% (USA, Jasper). A study in Kenya at Kenyatta National 
Hospital (KNH) showed that DKA occurred in 8% of hospitalised 
patients with DM [7].

The diagnosis of DKA entails looking at the glucose concentration, 
presence of ketones and confirmation of acidosis. The use of blood 
ketones rather than urine ketones is advantageous because in DKA 
the first major ketone produced is 3 Beta Hydroxybutyrate (3-β-OHB) 
which is not detected by (urine sticks) urine acetoacetate (nitroprusside 
reaction). In DKA the 3-β-OHB: Acetoacetate ratio increases from 
1:1 to 5:1. With treatment of DKA, 3-β-OHB is oxidised back to 
acetoacetate. As a result, 3-β-OHB will decrease, but acetoacetate 

will increase. Measuring acetoacetate with urine sticks may therefore 
initially underestimate the severity of DKA and then continue to yield 
positive readings after the resolution of DKA. Another reason is that 
people with DKA are usually dehydrated at the time of presentation, 
and thus, urine output is reduced; it may take several hours after 
rehydration before urine is produced, further delaying the diagnosis 
and management. Although blood gas analysis is typically run on 
arterial sample the United Kingdom (UK) guideline suggests the use 
of venous blood gas rather than arterial blood gas with a pH <7.3 for 
diagnosis of acidosis; because of the data suggesting that the differences 
between arterial and venous pH are not large enough to change clinical 
management decisions [8].

The most common precipitating factor in the development of 
these acute complications of DM, like DKA or Hyperosmolar 
Hyperglycemic State (HHS) is infection. Other precipitating factors 
include major stresses that act by increasing insulin requirements and 
increasing secretion of the counter regulatory hormones including; 
myocardial infarction and Cerebrovascular Accident (CVA), alcohol 
abuse, pancreatitis, trauma, and drugs. In addition, new-onset 
T1DM or discontinuation of or inadequate insulin in established 
T1DM commonly leads to the development of DKA [9]. Drugs that 
affect carbohydrate metabolism, such as corticosteroids, thiazides, 
sympathomimetic agents (dobutamine and terbutaline) and cocaine 
may precipitate the development of HHS or DKA [10].

A study done by Polonsky, showed that in young patients with T1DM, 
psychological problems complicated by eating disorders may be a 
contributing factor in (20%) of recurrent ketoacidosis. The factors 
that he found out that led to insulin omission in younger patients 
included fear of weight gain with improved metabolic control, fear of 
hypoglycemia, rebellion from authority, and stress of chronic disease.

Although the symptoms of poorly controlled diabetes may be present 
for several days, the metabolic alterations typical of ketoacidosis usually 
evolve within a short time frame, typically <24 hour. DKA usually 
presents with history of polyuria, polydipsia and polyphagia because 
these patients have hyperglycemia. They can also present with vomiting, 
abdominal pain, weakness, and because of the polyuria and vomiting 
they come in a dehydrated state, can have clouding of sensoria, and finally 
can present in a coma. Up to (25%) of DKA patients have vomiting, 
which may be coffee-ground in appearance. Mental status can vary 
from full alertness to profound lethargy or coma. In a study by Ahuja, 
the most common presentations were severe vomiting, abdominal 
pain and depressed mental state [11]. Physical findings may include 
poor skin turgor and dry mucus membranes suggesting dehydration, 
Kussmaul respirations, tachycardia, hypotension, alteration in mental 
status, shock, and ultimately coma. Patients can be normothermic or 
even hypothermic primarily because of peripheral vasodilation unless 
there is an infection where they can be hyperthermic. Another cause 
of hypothermia is the lack of insulin preventing the intracellular 
movement of glucose to be used as a substrate for heat production. 
Hypothermia, if present, is a poor prognostic sign [9].

The outcomes among patients admitted with DKA include: Resolution 
of DKA, length of hospital stay and death (mortality). DKA mostly 
resolves in the first 48hrs when management has been well done following 
protocol. Gosmanov, reported that DKA can resolve in approximately 10 
hrs if strict management with protocols are observed [12].

The mortality rate of DKA ranges from 2% to 5% in developed 
countries and 6% to 24% in developing countries. Without proper or 
appropriate management, it is 100% fatal. Several studies have found that 
the mortality rate of DKA has declined during the past 20 years [6]. 
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Mbugua, found out that DKA occurred in 8% of the hospitalized 
patients with DM in KNH. With the 95% confidence interval, 
Cochran formulae was used to determine the sample size [7].

( )

2

1 2 1
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= 113 patients.

Where, n=estimated minimal sample size in infinite population

1 2
Z α
− -is the 1

2
α − 

 
 × 100% quartile of the standard normal distribution 

with type I error of α=5%.

P-is the average prevalence of DKA from the previous study.

Δ-is the margin of error taken to be 5 %.

For objective three, the sample size calculation used was described by 
Kelsey for estimating a single population mean.

The sample size calculation was derived from a study on the treatment 
outcome of DKA among patients attending a general hospital in 
north-west Ethiopia [14]. It had a mean length of hospital stay of 4.6 
days and the standard deviation of length of hospital stay was ± 2.8 
days. Out of the three outcomes: Time to DKA resolution, length of 
hospital stay and mortality. We used the outcome of length of hospital 
stay because it was giving us the highest number of the sample size.

SD= ± 2.8, Precision=0.5

Where, n=estimated minimal sample size

1 2
Z α
−  -is the 1

2
α − 

 
 × 100% quartile of the standard normal distribution 

with type I error of α=5%.
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=120 patients.

Study procedure/data collection methods

Principal Investigator (PI) and research assistants screened for potential 
participants for eligibility, patients with known DM or with RBS>11.1 
mmol/l in the accident and emergency and diabetic clinics. Once 
participants were thought to be potential candidates for the study, the 
PI explained the study to them and participants were given consent 
forms in a language they could understand. After consenting, a pin 
prick was done to evaluate for blood ketones on the participants by the 
principal investigator using a blood ketone meter. Those with blood 
ketones <3 mmol were excluded from the study but continued in care, 
while those with blood ketones >3 mmol continued in the study and 
a blood sample for BGA was taken from them by the PI. Those found 
not to have acidosis were excluded from the study but continued care 
while those found to have acidosis continued in the study. DKA was 
confirmed by hyperglycemia, ketonemia and acidosis. Participants 
were followed up to the time to DKA resolution and discharge with a 
maximum of 10 days follow-up for the inpatient. Those who were still 
hospitalized beyond day 10 were taken care of by the primary team. For 
the outpatient participants not requiring admission with mild DKA 
they were followed up to the point of resolution of DKA/discharge 
which was within 24 hours. Data on sociodemographic, precipitating 
factors and presentations was collected as per the data collection forms, 
which were interviewer administered. Most of the data captured in a 

A study in USA reported the mortality rate of DKA in developed 
countries as (<1%), but associating DKA with detrimental 
neurocognitive outcomes and (>5%) in the elderly patients and in 
those with life threatening conditions [9]. With the increasing health 
care costs and a changing healthcare system, prevention of diabetic 
ketoacidosis remains very essential.

A study in Tanzania reported a mortality rate of (24.1%) with a major 
cause of morbidity and mortality being admission to Intensive Care 
Unit (ICU) [13].

Mbugua, described a mortality rate of (29.8%) within 2 days of 
admission with DKA in Kenyatta National Hospital (KNH) in Kenya 
[7].

In the adult population, hypokalemia, adult respiratory distress 
syndrome/acute lung injury and co-morbid states such as pneumonia, 
acute myocardial infarction, renal failure and sepsis are all associated 
with increased mortality in DKA [8].

Moi Teaching and Referral Hospital (MTRH) being the only level 
6 facility in the Western region of Kenya, receives both walk in 
patients with diabetes and referrals from the region and hence has a 
representative spectrum of DKA patients.

Therefore, this study was designed to determine the precipitating 
factors, clinical presentations and the outcomes of patients with 
diabetes admitted with DKA in MTRH.

MATERIALS AND METHODS 

Study design

This study was a prospective study involving 120 patients with a 
diagnosis of DKA.

Study setting 

The study was carried out at Moi Teaching and Referral Hospital 
(MTRH), the second national referral hospital in Kenya after Kenyatta 
National Hospital (KNH), located in Uasin Gishu County in the 
North Rift region. It serves as a referral hospital providing specialized 
care to clients in Western Kenya, Eastern Uganda and South Sudan 
with a catchment population of approximately 24 million.

Target population 

Patients with diabetes presenting at MTRH accident and emergency 
unit and DM clinics.

Inclusion criteria 

• Known and newly diagnosed DM patients who met DKA criteria 

• Participants 13 years and above.

Study period: 1-year September 2021 to September 2022 (04/09/2021-
03/09/2022) to achieve sample size. Participants were followed up 
inpatient to a maximum of 10 days.

Sampling technique: Consecutive recruitment of patients with 
diabetes presenting with diabetic ketoacidosis in the casualty, in DM 
clinic and in the wards was done.

Sample size calculation

For objective one and two the sample size calculation was derived from 
the prevalence of DKA in KNH.
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structured questionnaire. Tests done during follow up were random 
blood sugar, blood ketones and Blood Gas Analysis (BGA) to see the 
improvement of the patient up to the point of resolution of DKA. The 
random blood sugars were being done daily while the blood ketones 
and blood gas analysis were done on day 1, 2, 3 and 5. Patients were 
considered to be out of DKA when the blood ketones were <1mmol/L, 
and HCO

3
>18 mEq/L and pH>7.3.

Data analysis

Data were analyzed using STATA, version 16 (Stata Corp, College 
Station, Texas 77845, USA). Preliminary analysis involved summary 
of social demographic and clinical characteristics where categorical 
variables such as gender, marital status, educational level, employment 
status, type of DM and diagnosis status and follow up status as 
outpatient were summarized using frequencies and their corresponding 
proportions.

Numerical variables such as age, age at diabetes diagnosis, duration 
with diabetes, duration of follow-up were summarized as means and 
their corresponding standard deviations if they assumed normal 
distribution else were summarized as median and their interquartile 
ranges.

Objective 1 and 2: Different presentations and precipitating factors 
were summarised as frequency and respective percentages then were 
presented in form of tables.

Objective 3: The length of stay was summarised using median and 
interquartile and later grouped into two categories 1-5 days and 6-10 
days and summarized as frequency and percentage.

Other outcomes like, resolution of DKA and death were summarised 
as frequency and their corresponding percentages.

A sub analysis was done to determine the association between study 
outcomes and patient’s characteristics using logistic regression. This 
was an exploratory analysis based on the findings and since it was not 
part of my objectives it was not powered enough but we saw it as a 
priority to mention.

The findings were presented in form of tables, charts. All the test results 
were considered statistically significant if p-value was less than 0.05.

Ethical consideration

Ethical clearance was obtained from Moi University Institutional 
Research Ethics Committee (IREC) before the conduct of the research, 
IREC no. FAN: 0003866. Permission to conduct the study was sought 
from MTRH management and National Commission for Science, 
Technology and Innovation (NACOSTI) NACOSTI/P/21/11944.

Written informed consent was sought from the participants before 
enrolment in the study, and they were allowed to withdraw from the 
study if they chose to at any point. For the patients below 18 yrs of age 
assent was sought from them and consent was sought from the parent/
guardian or immediate caretakers. For patients who were unable to 
consent because of reduced level of consciousness consent was sought 
from the relative.

This study involved no intervention on the participants and the 
procedures the patients underwent like history taking, physical 
examination and blood samples drawn are usually done routinely 
during care and consent to participate in the study included consent 
for blood draws. Therefore, no harm was anticipated.

There was no monetary incentives or benefits to the participants.

The results were duly communicated to the primary physician for 
action to be done and confidentiality was maintained throughout 
the whole study period. Numerical codes were used to number the 
questionnaires and as identity to the study subjects so as to maintain 
confidentiality. Stored data was encrypted with the password only 
known to the principal investigator. The filled questionnaires, signed 
consent forms and other data collection tools were kept in a locked 
place in the custody of the principal investigator.

RESULTS 

Sociodemographic characteristics

The age of patients that presented in DKA ranged from 14 to 89 years 
with a median age of 33 (IQR 23, 44.5) years. While the age at diabetes 
diagnosis ranged from 7 to 75 years with a median age of 30 (IQR 20, 
40.5). The duration with diabetes ranged from 3months to 33 years 
for those known to have diabetes with median duration of 5 (IQR 2, 
8) years (Tables 1-7).

Table 1: Sociodemographic characteristics.

Characteristic Frequency Percentage

Age   

Mean (SD) 35(15) -

Range 14-89 -

Gender n=120 -

Male 52 43.3

Female 68 56.7

Marital status n=120

Married 56 46.7

Single 46 38.3

Separated 12 10

Widowed 6 5

Education level n=120

None 4 3.3

Primary 55 45.8

Secondary 42 35

Tertiary 19 15.8

Employment status n=120  

Formally employed 11 9.2

Self-employed 22 18.3

Unemployed 87 72.5

Living arrangement n=120  

Alone 12 10

With others 108 90
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Table 4: Clinical presentation.

Presentation Frequency (n=120) Percentage

Polydypsia 114 95

Polyuria 112 93.3

General weakness 102 85

Nausea/vomiting 77 64.2

Abdominal pain 77 64.2

Difficulty in breathing 64 53.3

Weight loss 57 47.5

Polyphagia 55 45.8

Others 44 23.9

Type of DKA Frequency Percentage

Mild 31 25.8

Moderate 30 25

Severe 59 49.2

GCS Frequency Percentage

Normal (15/15) 55 45.8

Abnormal (≤14/15) 65 54.2

Hydrationstatus 
(Dehydrated)

  

No dehydration 3 2.5

+ 3 2.5

++ 114 95

Kussmaul breathing   

Absent 40 33.3

Present 80 66.7

Table 5: In-hospital outcomes.

Variable Frequency Percentage

Day out of DKA   

1st 5 4.6

2nd 32 29.1

3rd 54 49.1

4th 13 11.8

5th 6 5.5

Length of hospital stay   

1-5 53 44.1

6-10 67 55.9

Final outcome   

Alive 109 90.8

Died 11 9.2

Table 2: Clinical characteristics.

Characteristic Frequency Percentage

Diabetes type  n=120  

I 76 63.3

II 41 34.2

Gestational 1 0.8

Secondary 2 1.7

Diagnosis status  n=120  

Newly diagnosed DM on admission 45 37.5

Known diabetic 75 62.5

Follow-up status as outpatient n=75  

On follow-up 50 66.7

Lost to follow-up 19 25.3

No follow-up 6 8

Current medication as outpatient  n=120  

Insulin 58 48.33

Oral Glucose Lowering Agent (OGLA) 14 11.67

Insulin and OGLA 3 2.5

Other drugs (hypertensive drugs) 5 4.17

None 40 33.33

Medication adherence n=75  

No 47 62.7

Yes 28 37.3

Reason for non-adherence n=47  

Financial constraints 22 46.81

Forgets 11 23.4

Ran out of drugs 2 4.26

Travels a lot 3 6.38

Couldn’t explain 1 2.13

Defaulted felt stable 4 8.51

Lipohypertrophy 1 2.13

Not been feeding well on chemo 1 2.13

Substance abuse 1 2.13

Uses herbal meds 1 2.13

Admission in last one year  n=120  

No 66 55

Yes 54 45

Table 3: Precipitating factors.

Precipitating factors Frequency (n=120) Percentage

Newly onset DM 45 37.5

Missed doses (non-adherence) 44 36.7

Infection 40 35.8

Stressful conditions 15 12.5

Under dosing and Inappropriate feeding 11 9.2

Poor insulin storage 4 3.3

Infection with missed doses 9 7.5

Infection with new onset 5 4.2
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Table 6: Association of length of hospital stay and patient’s characteristics.

Table 7: Association of death and patient’s characteristics.

Characteristic
Follow-up days

uOR 95% CI p-value aOR 95% CI p-value
1-5 days 6-10 days

Age         

 Median (IQR) 31 (21, 44) 35 (26, 45) 1.009 0.98-1.03 0.471    

Sex         

Male 26 (50) 26 (50) Ref      

Female 27 (39.7) 41 (60.3) 1.52 0.73-3.15 0.261    

DM type         

Type I 35 (46.1) 41 (53.9) Ref      

Type II 17 (41.5) 24 (58.5) 1.21 0.56-2.60 0.634    

Others 1 (33.3) 2 (66.7) 1.71 0.15-19.64 0.668    

Diagnosis duration         

Newly diagnosed DM 25 (55.6) 20 (44.4) Ref      

Known DM patient 28 (37.3%) 47 (62.7) 2.1 0.99-4.45 0.053    

Admitted in the last 
1 year

        

No 41 (62.1) 25 (37.9) Ref   Ref   

Yes 12 (22.2) 42 (77.9) 5.74 2.55-12.93 <0.001 5.91 2.57-13.59 <0.001

DKA type         

Mild 15 (55.6) 12 (44.4) Ref      

Moderate 17 (56.7) 13 (43.3) 0.96 0.02-2.74 0.933    

Severe 20 (33.9) 39 (66.1) 2.44 0.96-6.18 0.061    

Having infection         

No 40 (51.9) 37 (48.1) Ref   Ref   

Yes 13 (30.2) 30 (69.8) 2.49 1.13-5.49 0.023 2.63 1.11-6.23 0.027

Characteristic
Final outcome

uOR 95% CI p-value
Alive Died

Age      

  Median (IQR) 33 (24, 45) 28 (17, 44) 0.98 0.94-1.02 0.411

Sex      

  Male 46 (88.5) 6 (11.5) Ref   

  Female 63 (92.6) 5 (7.4) 0.61 0.17-2.12 0.435

DM type      

  Type I 68 (89.5) 8 (10.5) Ref   

  Type II 38 (92.7) 3 (7.3) 0.67 0.16-2.68 0.572

  Others 3 (100) 0 NA NA  

Diagnosis duration      

  Known DM patient 72 (96) 3 (4) Ref   
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DISCUSSION

To the best of our knowledge this is a first longitudinal study looking at 
DKA precipitants, presentations and outcomes in western Kenya and 
hence provides very useful data on the condition. Despite concerted 
efforts to improve diabetes care in MTRH and any other facility, DKA 
still remains a common complication with significant morbidity and 
mortality. 

The study was looking at patients presenting with DKA in both T1DM 
and T2DM, focusing on the precipitating factors, presentations and 
outcomes.

Factors precipitating DKA among patients at MTRH

The study included a wide range of patients from 14-89 years of age 
with a mean age of 35 ± 15 yrs and the age of diagnosis of DM ranging 
from 7-75 yrs. Indeed, this allowed representation of both T1DM 
and T2DM patients and emphasizes the fact that DKA affects both 
types of DM. T1DM of the patients presenting in DKA represented 
63.3% whereas 34.2% were T2DM. It reflects findings of a study done 
in Texas which found out that 53% of the patients with DKA were 
T1DM, 39% were T2DM and 8% were not ‘typed’ [15]. 

The most common precipitating factor in this study was new diagnosis 
of DM with DKA as the primary presentation of DM at 37.5%. This 
is because most of the patients were T1DM. This was closely followed 
by missed doses (36.7%), then infections (35.8%). This was similar 
to a study in Ethiopia that had new onset diagnosis of DM at 38.8% 
and a study in Kenya at KNH by Mbugua, where half of the patients 
studied were newly diagnosed DM [7,14]. It was different from other 
studies that were getting infection as the most common precipitating 
factor and others poor compliance/missed doses as the most common 
precipitating factor [16]. The difference with the other studies is that 
they had a predominance of T2DM. Some of the patients had more 
than one precipitating factor, for example, some of the new onset. DM 
were also having an infection at 4.2% and others had both infections 
and missed doses at 7.5%. The overlapping factors is supported by a 
study done in India which had (53%) of patients having both poor 
compliance and infection [17]. 

Most of the first presentation of DM (newly diagnosed DM) was 
associated with the younger age group as expected given the peak age 
of T1DM presentation. It can also be said that patients presenting 
newly with hyperglycaemia should be screened for DKA and other 

precipitating factors because they tend to overlap. This was similar to a 
study by Ahuja that had a statistical significance of younger age group 
associated with first presentation [11].

Among those who missed doses, some lacked insulin, others were 
taking lower dose than prescribed and this was teased out from history 
because they didn’t want the drug to finish very fast and their sugars 
were not well controlled with the dose they were using while others 
were skipping doses. Of note is that most of the participants had a 
primary level education (45.8%) and most of them were unemployed 
(72.5%) despite majority being 18 years and above. This could explain 
the fact that financial constraint was a major concern that led to non-
compliance of these patients. This is similar to the study in India where 
poor socioeconomic status resulted in patients being not compliant 
and having poor glycaemic control so any precipitating factor landed 
them to DKA [17].

Therefore, it can be explained that lack of adherence to treatment is 
an important precipitating factor to DKA and regular assessment for 
adherence is needed especially when reviewing patients in the DM 
clinics. DKA screening in non-adherent patients may also be a good 
strategy to reduce the occurrence of DKA. Of note this study found 
that (46.7%) of the participants were married, (38.3%) were single, 
(10%) were separated and (5%) were widowed. Ninety percent of these 
participants were living with others as the living arrangement while ten 
percent were living alone. This indicated that most of the participants 
had a support system and that there is potential to include the social 
support in the processes of care, and also educate them about diabetes 
and DKA and that may help in treatment support and potentially 
better treatment adherence.

The most common infection in this study was pneumonia (13.3%), 
followed by UTI (5.8%), then PTB (2.5%) a fact that may be useful in 
informing regular screening and also research on ways of preventing/
diagnosing these infections early to prevent complications. Infection in 
this study was supported by Procalcitonin (PCT) a biomarker specific 
for bacterial infections, CXR for pneumonia and PTB; Urinalysis for 
UTI and some blood cultures depending on the foci especially for 
those that had catheter related sepsis. We used a much more sensitive 
method for assessing infections that is why we had a bigger number 
than the rest of the studies.

This was closely related to a study in India which concluded that up 
to 50% of the patients had infection as a precipitating factor with 
the main infection being lobar pneumonia at 19.2%, Pulmonary 

  Newly diagnosed DM 37 (82.2) 8 (17.8) 5.19 1.30-20.73 0.02

Admitted in the last 
1 year

     

  No 59 (89.4) 7 (10.6) Ref   

  Yes 50 (92.6) 4 (7.4) 0.67 0.18-2.43 0.548

DKA type      

  Moderate 27 (90) 3(10) Ref   

  Mild 27 (100) 0 NA NA  

  Severe 51 (86.4) 8 (13.6) 1.41 0.35-5.76 0.631

Having infection      

  No 70 (90.9) 7 (9.1) Ref   

  Yes 39 (90.7) 4 (9.3) 1.03 0.28-3.72 0.969
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a predominance of mild DKA at 75.5% [14].

Most of the patients that presented with DKA in this study were 
T1DM patients (63.3%), with T2DM being (34.2%) and (1.7%) 
having secondary DM. This could be explained by the fact that most 
of the patients presenting with DKA were of younger age or were 
already known T1DM. The T1DM predominance was similar to a 
study looking at the clinical and biochemical differences in T1DM 
and T2DM presenting with DKA this was closely related to my study 
because they were cutting across different age groups [22]. Another 
study done in England looking at diabetes in the youth found that 
DKA was more in T1DM than in T2DM this was because it was 
focusing on the youth [23]. It was different from other studies done in 
India and Thailand that documented majority of DKA patients being 
in T2DM rather than T1DM this was attributed to the fact that the 
prevalence of T2DM is much higher than T1DM [16,24]. 

The patients that presented with secondary diabetes in this study had 
a history of long term use of steroids that precipitated DKA as part of 
new onset diabetes mellitus. This has previously been described and 
it’s a known risk factor [25].

Our study recorded that most of the patients presenting in DKA were 
females (56.7%) than males (43.3%) which is consistent with the 
prevalence of DKA being more in females and the reason is unclear. It 
is in keeping with the MTRH diabetes clinic attendance proportions 
due to differential health seeking behaviour since (60%) of the patients 
in the clinics are females. It can also be explained by the hormonal 
changes in women due to their oestrogen levels. In addition, cytokines 
like IL 1, IL 6 and TNF produced during stress which is more common 
in women antagonises the effect of insulin leading to DKA. This 
female predominance is similar to a study in Thailand which had a 
female predominance of (61.5%) and males at 38.5% and a study in 
India with a female predominance of 51.9% [16,18]. It was different 
from a study done in our neighboring country in Mwanza, Tanzania 
that had a male predominance (62.1%) compared to females (37.9%) 
but this was because their age group ranged from 1 year to >30 years 
[13].

Majority of the patients in our study (62.5%) presenting with 
DKA were those with known diagnosis of diabetes mellitus and on 
treatment, some being on follow up and some lost to follow up. The 
duration with diabetes in the patients in this study ranged from 3 
months to 33yrs with median duration of 5 (IQR 2, 8) years with 
several of the participants being newly diagnosed DM at the time of 
the DKA admission. This may indicate that despite having diabetes 
for longer duration education and DKA prevention efforts are still key 
and should be continuous on these patients with diabetes particularly 
on the triggers and symptoms of DKA. The duration of diabetes is a 
reflection to a study done in India that had a mean duration of 7 ± 3 
years of the patients presenting with DKA [17].

Of note is the fact that all the participants in our study had poor 
glycemic control as reflected by their HbA1c of >7.5%, and hence were 
at risk for both acute and chronic complications. 

Therefore, continuous education remains key and utilising 
opportunities during clinical reviews to ensure patients know about 
the importance of sugar control by adhering to their medications 
and prevention of complications. A study in a neighboring country; 
Tanzania, showed similar results of a higher number (72.4%) of DKA 
patients being already diagnosed DM patients [13].

The patients who knew their diabetes status in our study and were on 
medication, majority (62.7%) were not adherent and the reason for 

Tuberculosis (PTB) 15.5% and Urinary Tract Infection (UTI) at 9.6% 
[18].

Other interesting factors were CKD/DM patients who were off insulin 
and patients with malignancies that came in with euglycemic DKA, 
dialysis in the CKD patients helped in their management, this is 
similar to a case study that looked at DKA in a CKD patient [19].

Clinical presentation of DKA in patients at MTRH 

As expected the most common presentation in this study was a history 
of polydipsia (95%) and polyuria (93.3%) with general body weakness 
(85%) therefore these symptoms are still important to look for in 
patients presenting with DKA, other symptoms included nausea and 
vomiting (64.2%) with abdominal pain and weight loss but polyphagia 
was less common at 45.8%. Surprisingly most patients did not have 
appetite to eat at the time of presentation. This was different from a 
study in Ethiopia which found out that 50.3% of the patients with 
DKA had 3P's (Polydipsia, Polyuria and Polyphagia), 29.2% had 2 P's 
(Polyuria and Polydipsia), 1.5% had weight loss while other signs and 
symptoms contributed 15.9% [6].

Not surprising, dehydration was the most common sign at the time 
of presentation of these patients (97.5%), most of them in moderate 
to severe dehydration. Dehydration was demonstrated by dry mucous 
membranes, skin turgor of >2 seconds, increased heartrate and 
increased respiratory rate; for severe dehydration they additionally 
had low blood pressure and faint pulse. These were signs on physical 
examination. A point of care ultrasound was not done to check the 
Inferior Vena Cava (IVC) to evaluate for dehydration. The state of 
patients coming in a dehydrated state could suggest delayed health 
seeking behaviour in these patients. This was similar to a study by 
Chaudhary where most patients were presenting in a dehydrated 
state [18]. Because patients were presenting in a dehydrated state it 
was difficult to get a urine sample for some of the patients at the time 
of presentation unless after hydration and one chronic kidney disease 
patient was completely anuric. 

Most patients presented with Kussmaul breathing indicating the 
degree of acidosis, although (54.2%) of the patients had altered mental 
state (low GCS), none was in a coma and (45.8%) of the patients were 
fully alert at the time of presentation hence the need to do thorough 
screening for DKA even in DM patients who may not appear too 
sick. These findings were almost similar with a study done in India 
whose findings showed vomiting and abdominal pain in (34.9%) of 
patients, altered sensorium in (47%), Kussmaul breathing in (28%) 
and hypotension in (46%) of patients with DKA [20].

Tachycardia was present in (63.3%) of the patients and (53.3%) had a 
high respiratory rate at the time of presentation. This would have been 
contributed by the hyperglycaemia and the dehydration the patients 
presented with, and the Kussmaul breathing respectively. There was no 
documentation of any cardiac arrhythmias in any of the patients. This 
is closely related to a study in Saudi Arabia which showed tachycardia 
as the most common clinical sign noted in the patients on admission 
that presented with DKA [21]. 

Almost half (49.2%) of the patients had severe DKA with (25%) 
having moderate DKA and (25.8%) having mild DKA. The severity 
was determined mostly by a blood gas analysis looking at the pH, the 
HCO

3
 and the AG. Despite having patients with severe DKA, some 

had mild DKA and this emphasizes the matter of screening of DKA 
in stable patients while reviewing them in DM clinics. This was similar 
to a study that reviewed most of their participants to have moderate to 
severe DKA [22]. It was different from a study by Mekonnen that had 
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potassium levels, (12%) having low potassium and (30%) presenting 
with high potassium. This suggests that not all patients will have 
low potassium levels at the time of presentation but would still need 
supplementation of potassium during management because of the 
shift with insulin. 

Outcomes of DKA in patients seen at MTRH

The outcomes of DKA in this study were resolution of DKA, length of 
hospital stay and death. 

The days taken before the patients were out of DKA (DKA resolution) 
ranged from 1 to 5 days with a median period of 3 (IQR 2, 3) days. 
Most of the patients remained with high sugars longer signifying that 
it was hard controlling their sugars while in the ward early enough 
and this contributed to their longer stay in the hospital. Switching 
of insulin was an issue that would need more education on how to 
go about it by following the protocol to avoid prolonged period of 
DKA and hyperglycaemia; also close monitoring of these patients was 
concerning, leading to prolonged time of resolution. This signified 
that DKA management was not well done since some of the patients 
were still having high blood ketones in day 5 resulting in them having 
a longer hospital stay.

The results of DKA resolution differ from a study done in Thailand 
whose median time of DKA resolution was 8.5hrs, another study in 
Melbourne had a median time of resolution of DKA of 11 hrs and 
a median length of hospital stay being 3 days, the study in KNH 
recorded a median time of resolution of DKA to be 59 hrs (2.5 days) 
and a study in Ethiopia recorded the mean length of hospital stay as 
4.6 days [16,27,28]. 

This showed that our patients were taking longer to come out of 
DKA; which requires a closer audit of the management process and 
other possible contributing factors. The reasons for the difference 
in the outcome of resolution of DKA being shorter in the study by 
Thewjitcharoen, was that it was done in Thailand a more developed 
country and also because the patients were seen in a specialised 
endocrine centre [16]. Most of the patients (54.2%) were treated by 
endocrinologists and (45.8%) were treated by general internists or on-
call physicians; (45.7%) of the patients had mild DKA, (22.3%) had 
moderate DKA and (31.9%) had severe DKA [16].

The duration of inpatient follow-up ranged from 3 hours to 10 days 
with a median follow-up period of 6 (IQR 5, 7) days, this was because 
one of the patient died within 3 hours of arrival to the hospital. The 
length of hospital stay was divided from day 1-5 accounting for (44.1%) 
and day 6-10 accounting for (55.9%). This depicted a longer length of 
hospital stay in most of the patients and was almost similar to a study 
done in Ethiopia that had a mean length of hospital stay of 4.64 (± 
2.802) days with about (20.4%) of patients having a longer stay of >7 
days [14]. This shows the burden that DKA puts on patients; a longer 
hospital stay resulting in more bills and thus the need for avoidance of 
this complication. 

A sub-analysis done on the association between length of hospital stay 
and patient’s characteristics revealed a statistical significance of having 
infection and a history of being admitted in the last 1 year attributing to 
longer length of hospital stay with an OR of 2.49 and 5.74 respectively. 
This means that those that had infection were 2.49 times more likely 
to stay in the hospital longer than those who did not have infection. 
Those who had been admitted within the last year were 5.74 times 
more likely to stay in the hospital longer than those who did not have 
any admission within the last year. This could be attributed to the fact 
that those that have had several admissions are more likely to have 

non-adherence by most of them was financial constraints (46.81%), 
this is because most of these patients were not working or not having 
any business that is a source of income. This is similar to another study 
in India that most of the patients were non-compliant because of lack 
of finances. 

Out of the 45% of the patients who were admitted in the past year, 10% 
of them had previously been admitted in DKA. Most of these patients 
were T1DM patients. This indicates that the rate of readmissions of 
DKA are mostly in T1DM and noncompliance could be the main 
contributor. This was similar to a study done in Riyadh, Saudi Arabia 
which showed recurrent admissions of DKA in T1DM over the course 
of 20 yrs [21].

When comparing urine and blood ketones, some of the patients had 
negative urine ketones but positive blood ketones, and for some 8 
patients a urine sample was not able to be taken for urinalysis but the 
blood ketones were significantly high for diagnosis of DKA. Out of the 
patients that a urinalysis was done, only 46.4% of the patients would 
have been diagnosed of DKA based on urine ketones alone leaving 
out the rest. This emphasizes the importance of the utility of blood 
ketones on the diagnosis of DKA rather than relying on urine ketones 
alone. The ability to diagnose DKA was significantly improved by use 
of blood ketones and this suggested that there are several cases of DKA 
that would have been missed because urine ketones were absent in 
some patients and others not significant enough (not ≥ +2) to make a 
diagnosis of DKA, yet they had significant blood ketones to make the 
diagnosis of DKA.

A significant amount of patients (63.3%) presented with leucocytosis 
but most of them did not have overt infection. The explanation being; 
most patients with DKA have leucocytosis with a left shift. This is due 
to dehydration and stress response to ketonemia and hyper-glycaemia 
by hypercortisolemia and increased catecholamine secretion and does 
not necessarily suggest infection. However, a white cell count greater 
than 25,000/μl warrants a comprehensive search for infection. This 
finding reflects a study done in Nairobi, Kenya in KNH where he 
noted that over (65%) of patients had leucocytosis with most (55%) 
not having an overt infection [7]. 

Infection in this study was supported by PCT a biomarker specific for 
bacterial infections, C-Reactive Protein (CRP), CXR for pneumonia 
and PTB; Urinalysis for UTI and some blood cultures depending on 
the foci. Of the PCT done, (67.9%) was high and supported an active 
infection in the clinical context while (32.1%) was normal, this was 
done on the basis of high index of suspicion of infection and therefore 
it was not done on every patient.

Despite (62.5%) of the patients being known DM and on follow-up, all 
(100%) of the patients had a high HbA1C at the time of presentation, 
this indicates that all our patients had poor glycaemic control despite 
most of them being on follow-up in the clinics. This indicates the need 
of emphasis on adherence and continuous education on emphasis of 
glycaemic control to avoid both acute and chronic complications. This 
was comparable to the study done in Nairobi KNH that over 90% of 
the patients had a high HbA1C>8%.

Of all the patients that were enrolled in the study (55%) of the patients 
presented with Acute Kidney Injury (AKI), signified by high creatinine 
and high urea levels, this was mostly due to hypovolemia due to 
glucose induced osmotic polyuria and emesis since almost all patients 
were presenting in a dehydrated state leading to a pre-renal AKI. This 
was almost similar to a study on incidence and characteristics of AKI 
in severe DKA that recorded (50%) of patients presenting with AKI 
on admission [26]. At the time of presentation (58%) had normal 
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and laboratory data and the use of management protocols help ensure 
better outcomes. Therefore, these patients should ideally be managed 
in an Intensive Care Unit (ICU) or High Dependency Unit (HDU) 
setting where close monitoring is done.

RECOMMENDATIONS

 We would recommend increased public education on symptoms 
and signs of DM to improve uptake of screening and early 
presentation to hospital. Once a diagnosis of DM has been made 
on either type of DM, screening for DKA should be done and 
timely management strategies provided according to protocol. 

 Since missed doses was an important precipitant of DKA, we 
would recommend availability and affordability of drugs and that 
clinicians should emphasize on adherence during prescription of 
these drugs.

 We would recommend use of blood ketones as a point of care 
measurement for the diagnosis of DKA since it significantly 
improved the diagnosis of DKA. For the availability of these 
kits in the Emergency Department and the DM clinics. With a 
high index of suspicion, patients presenting with hyperglycaemia 
irrespective of the type of DM should be subjected to blood 
ketones measurement in order not to miss out DKA.

 Lastly we recommend further research that can be done on the 
audit of management of DKA since it was not fully captured in the 
study, to find out if protocols are well observed/adhered to and 
a follow up study if outcomes will improve. We also need more 
endocrinologists to help in the management of these patients.

CONCLUSION

This study has demonstrated that DKA occurs in undiagnosed DM 
patients and affects both T1DM and T2DM patients. Some of the 
identified DKA precipitants in the study are preventable. Most of the 
patients were presenting in a dehydrated state, hence the importance 
of using blood ketones as a point of care measurement for the diagnosis 
of DKA at presentation rather than depending on urinary ketones. 
Finally, the study has shown that DKA is associated with significant 
hospital stay and mortality in MTRH.
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