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Objective: The objective of this study is to assess the treatment outcomes in patients with 

hyperglycemic emergencies and to ascertain the factors associated with outcome, with emphasis 

on the determinants of outcome.

Method: A total of 105 patients admitted to the Accident and Emergency unit, who fulfilled 

the criteria for hyperglycemic emergencies, were selected. The information extracted included 

sociodemographic, clinical, and laboratory data, as well as hospitalization outcome.

Results: Of the 105 subjects that participated in the study, hyperosmolar hyperglycemic 

nonketotic state (HHNK) was seen in 50% (53) of the subjects, while diabetic ketoacidosis 

(DKA) was seen in 31% (29), normo-osmolar nonketotic hyperglycemic state (NNHS) in 12% 

(13), and mixed hyperglycemic emergency in 7% (10) of the subjects. The overall mortality rate 

in this study was 4.8%. Three deaths were recorded in patients with HHNK, while DKA and 

NNHS each had one death. Three of the deaths occurred within the first 24 hours of admission 

while the other two were more than 24 hours after admission. The mean (standard deviation) 

total duration of hospital stay was 24.2 days (SD), and the range of stay was 0.5–88 days.

Conclusion: The most common type of hyperglycemic emergency seen in this study was HHNK. 

Also, the presence of infection, and sex of the study subject, were significant determinants of 

outcome in this study.
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Introduction
The complications of diabetes mellitus (DM) could be acute or chronic.1 Acute 

complications of DM include diabetic ketoacidosis (DKA), hyperglycemic 

hyperosmolar nonketotic state (HHNK), lactic acidosis, and normo-osmolar 

nonketotic hyperglycemic state (NNHS); of these, DKA and HHNK are the two most 

common hyperglycemic emergencies.1

HHNK was first described by Sament and Schwartz2 in 1957. NNHS is seen in a 

subset of patients who present with hyperglycemia, insignificant ketonuria, and normal 

osmolality with symptoms of metabolic decompensation.3,4 These groups of patients 

do not fit into the criteria for DKA or HHNK.

Hyperglycemic emergencies are often encountered as DM-complications in clinical 

practice. They are the most serious acute metabolic complications of DM and are 

associated with excess mortality.5 In Spain, a study conducted by Piniés et al,6 which 

aimed to determine the course and outcome of 132 patients with HHNK, showed a 

mortality rate of 16.9%. Another study by Kitabchi and Nyenwe7 in the US showed a 

declining mortality rate in patients with DKA compared with HHNK, which remained 
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alarmingly high. In Nigeria, hyperglycemic emergencies are 

an important cause of morbidity and mortality due to poor 

drug compliance, and this may be attributed to poverty, 

ignorance, poor health education, infection, delayed diagnosis 

and treatment, lack of access to medical care, erratic supply 

of essential drugs, cultural and religious beliefs, poor labora-

tory support, and less emphasis on electrolyte monitoring, 

especially potassium.8–11

A study done by Osuntokun et al12 in 1971 in Ibadan 

reported DKA as the single major cause of death in diabetics. 

Necropsy studies carried out 5 years later in Ibadan by 

Smith and Adetuyibi13 showed that 43% of deaths in acute 

decompensated diabetics were due to DKA. A report from 

Port-Harcourt by Dagogo-Jack14 in 1991 showed a mortal-

ity rate of 22%. Three years later, Ndububa and Erhabor10 

from Ilesha reported a mortality rate of 22%. A mortality 

rate of 60% for HHNK was reported from Ile-Ife in 2000 

by Kolawole and Ajayi.15 In the same year, Talabi reported a 

mortality rate of 50% for HHNK in Ibadan.

Method
This study was carried out at the Accident and Emergency 

unit and the Medical wards of the University of Benin Teach-

ing Hospital (UBTH), Benin City, Nigeria. Subjects recruited 

for this study were patients admitted at the Accident and 

Emergency unit of UBTH on account of a hyperglycemic 

emergency (HE). Based on a calculated minimum sample 

size of 102, 105 patients were recruited. The study was 

a prospective longitudinal study. Patients admitted to the 

Emergency unit who fulfilled the criteria for hyperglycemic 

emergencies were selected using a nonprobability sampling 

technique. The information that was extracted included 

sociodemographic, clinical, and laboratory data. Subjects 

were recruited if they met the following criteria: random 

plasma glucose (RBS) . 17 mmol/L (300 mg/dL), ketonuria 

of 2+ or more, and serum bicarbonate of less than 18 mmol/L 

for DKA;16,17 RBS . 25 mmol/L (450 mg/dL) and plasma 

osmolality .320 mOsmol/L with insignificant ketonuria for 

HHNK;16,18 RBS . 17 mmol/L (300 mg/dL), serum osmolal-

ity ,320 mOsmol/L, and absent or minimal (1+) ketonuria 

for NNHS;16,18 RBS level .300 mg/dL, serum bicarbonate 

level ,15 mmol/L, and ketonuria of 2+ or more for mixed 

DKA and HHNK;19,20 the patient gave consent (verbally 

obtained from them in the language best understood by the 

patient/relatives); and the patient was aged above 18 years. 

The exclusion criteria included: patients diagnosed with end 

stage renal disease (ESRD), congestive cardiac failure (CCF), 

hepatic failure and anasarca due to their fluid overload as 

these conditions affect rapid intravenous fluid administra-

tion; patients with dementia in which there is alteration of 

mental state and likely an inability to complain of hyperg-

lycemic symptoms; and pregnant women due to the gravid 

state. Ethical approval was obtained from the Ethics and 

Research committee of UBTH before the commencement 

of the study.

Treatment
Once the diagnosis was confirmed, therapy was commenced 

using the local protocol for management of hyperglycemic 

emergencies.

Results
Sociodemographic characteristics
Of the 105 subjects who completed the study, 53 (51%) 

were male while 52 (49%) were female. Ninety-one subjects 

(86.7%) had type 2 DM and 14 (13.3%) had type 1 DM. 

Twenty-eight (27%) patients had DM for more than or equal 

to 10 years duration, while 77 (73%) of the patients had DM 

for less than 10 years duration.

Pattern of hyperglycemic emergencies
Four major diabetic HE types were seen at the emergency 

unit: HHNK, DKA, mixed DKA/HHNK, and NNHS. The 

most common HE was HHNK, accounting for 50% (53) of 

the subjects, while DKA was seen in 31% (29), NNHS in 12% 

(13), and mixed HE accounted for 7% (10) of the subjects.

The duration of stay in the ward and the total duration 

of hospital stay were highest in patients with mixed DKA/

HHNK followed by patients with DKA, patients with NNHS, 

and patients with HHNK, in descending order (Table 1).

The highest mortality rate was recorded in the HHNK 

group of HE (total of three deaths), while DKA and NNHS 

had one mortality each (Table 2).

Table 3 shows a higher mortality rate among male (80%) 

as compared to female subjects (20%). Also all instances 

of mortality recorded were in subjects with some level of 

education.

Table 4 shows that the most common precipitating factor 

in this study was infection (in 57% of study subjects). Other 

notable precipitating factors include newly diagnosed DM 

and nonadherence to medications.

Outcome and discussion
general outcome
The higher morbidity and mortality rates that occur in patients 

with HE in developing countries are as a result of paucity of 
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medical facilities and personnel, late hospital presentation, 

and prevalent socioeconomic distress.21,22 However, morbid-

ity and mortality still occur in developed countries, albeit at 

a much lower rate. The overall mortality rate in this study 

was 4.8%, which is lower than the rates of 18.8% and 16% 

reported by Ehusani3 and Adesina,23 respectively. Comparing 

mortality rates for diabetic emergencies is difficult as the 

definition of presenting syndromes varies and it is based on 

arbitrary clinical and biochemical criteria.24 Most reported 

mortality rates are not adjusted for age effects and many 

studies investigating mortality rates for DKA have grouped 

all acidotic presentations together, regardless of the degree of 

hyperosmolarity.24 Given the above limitations, it is of note 

that MacIsaac et al24 reported a similar mortality rate of 4.8%. 

It is also lower than the 22% and 25% for DKA and HHNK, 

respectively, reported by Okoro et al25 in Ilorin and the 18% 

reported by Ogbera et al.5 Eregie and Unadike26 reported a 

mortality rate of 27.7% among DKA patients in Benin. In 

South Africa, Zouvanis et al27 reported that mortality rate 

from DKA among the black Africans in Johannesburg is 

low and comparable to the mortality rate in Western Europe. 

The lower mortality rate in this study could be attributed to 

the fact that subjects received close monitoring due to the 

relatively high number of medical personnel deployed in the 

management of these patients.

Three deaths were recorded in patients with HHNK, while 

DKA and mixed HHNK/DKA had one death each, with all 

the deaths attributed to precipitating factors of HE and the 

resultant complications. Three of the deaths were within the 

first 24 hours of admission, while the other two were more 

than 24 hours after admission. Two of the five deaths were as 

a result of sepsis from diabetic foot ulcers. Two other mortali-

ties were from patients with nonadherence to drugs, and these 

patients also suffered from cerebrovascular accidents.

Duration of hospital stay
The mean (standard deviation [SD]) total duration of 

hospital stay was 24.2 (17.1) days and the range of stay was 

0.5–88 days. This finding was similar to the finding from the 

study by Ogbera et al,5 who reported a mean (SD) duration 

of 23 (17) days with a range of 4–122 days. Subjects with 

Table 1 comparison of duration of hospital stay according to the various hyperglycemic emergencies

Parameter DKA 
n = 29 
Mean ± SD

HHNK 
n = 53 
Mean ± SD

NNHS 
n = 13 
Mean ± SD

Mixed 
n = 10 
Mean ± SD

F df P

Duration of stay 
at a&e (days)

1.6 ± 1.13 1.2 ± 2.17 1.4 ± 1.19 1.0 ± 2.24 5.38 3 0.02

Duration of stay 
on the ward (days)

26.9 ± 15.25 19.2 ± 12.44 23.0 ± 20.52 30.8 ± 21.10 2.28 3 0.08

Total duration 
on admission (days)

28.6 ± 17.65 20.4 ± 13.65 24.4 ± 21.30 32.8 ± 21.30 2.45 3 0.07

Abbreviations: a&e, accident and emergency; DKa, diabetic ketoacidosis; hhnK, hyperosmolar hyperglycemic nonketotic state; Mixed, mixed diabetic ketoacidosis/
hyperosmolar hyperglycemic nonketotic state; nnhS, normo-osmolar nonketotic hyperglycemic state; SD, standard deviation.

Table 2 comparison of outcome of hyperglycemic emergencies 
seen in UBTh

Parameter DKA 
n = 29

HHNK 
n = 53

NNHS 
n = 13

Mixed 
n = 10

X2 df P

Discharged 
home

28 50 12 10 1.34 6 0.97

Death within  
24 hours

1 1 1 0

Death after  
24 hours

0 2 0 0

Abbreviations: DKa, diabetic ketoacidosis; hhnK, hyperosmolar hyperglycemic 
nonketotic state; Mixed, mixed diabetic ketoacidosis/hyperosmolar hyperglycemic  
nonketotic state; nnhS, normo-osmolar nonketotic hyperglycemic state; 
UBTh, University of Benin Teaching hospital; df, degrees of freedom.

Table 3 Influence of demographic parameters on outcome

Parameter Discharged home 
n = 100

Died 
n = 5

X2 df P

age group (years) 
 20–29 
 30–39 
  40–49 

50–59 
60–69 
70–79 
80–89

 
8 
11 
11 
28 
26 
11 
5

 
1 
1 
1 
0 
1 
1 
0

 
0.93

 
6

 
0.99

Sex 
  Male 

Female

 
49 
51

 
4 
1

 
0.80

 
1

 
0.37

level of education 
  no education 

Primary 
Secondary 
Tertiary

 
8 
28 
34 
30

 
0 
0 
2 
3

 
1.19

 
3

 
0.76

Abbreviation: df, degrees of freedom.
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diabetic foot ulcers (DFU) had the longest hospital duration 

of stay, which is similar to findings from studies by Ehusani,3 

Adesina,23 and Pepper et al,28 who noted that DFU are usually 

associated with a much longer duration of hospital stay. The 

reason for the long duration of hospital stay is the presentation 

with advanced stages of foot ulcer, which usually require a 

longer time for wound closure and healing with elaborate and 

multidisciplinary care. Subjects with HHNK had the shortest 

mean (SD) total duration of stay of 20.4 (13.6) days, while 

mixed DKA/HHNK had the longest mean (SD) total duration 

of stay of 32.8 (21.2) days. The comorbidities with which 

subjects presented may have accounted for this difference.

Furthermore, two of the mortalities had a secondary level 

of education, while the other three had tertiary education. 

Although literature highlighting the influence of education 

on outcome is insufficient, Nyenwe et al29 in Port Harcourt 

reported that people in the highest social class had a higher 

prevalence of DM than those in the lower social classes. 

 Zimmet30 also noted that diabetes was more common in upper 

class families in the developing countries of the world, although 

a noncommunicable disease survey in Nigeria reported a crude 

prevalence of 4.6% in the lowest social class compared to 2.5% 

in the highest social class.29 Explanations for the discrepancy 

documented in this national survey are unclear. A further 

extensive national survey will be required to see if this pattern 

is maintained and to deduce the possible reasons for this.

Influence of demographic parameters  
on outcome
Four out of the five persons who died (80%) in this study 

were male. The mortality rate in males was 8% compared 

to females who had a mortality rate of 2%; this is similar 

to the finding from the study done by Kolawole and Ajayi,15 

who reported that the outcome is worse in admitted male 

diabetic patients. Ogbera et al5 also noted that being male is 

predictive of a fatal diabetic outcome. In his study, Adesina23 

also reported a mortality rate of 28% in males compared to 

a mortality rate of 4% in female subjects. The reasons for 

the increased mortality in admitted male diabetic patients is 

unclear, but is probably related to the existing comorbidities/

pattern of presentation.

There were two instances of mortality in young patients 

and two in elderly patients, while the other mortality was a 

middle-aged man. There was no statistically significant differ-

ence between age and outcome in this study. This is slightly 

different from findings from a similar study, which has shown 

that age is a poor prognostic factor.24 The reason that may be 

attributed to this is that out of the three non-elderly deaths 

recorded in this study, two of them had intracerebral hem-

orrhage, while one young subject went into hypoglycemic 

coma, which may have contributed to their death.

Prognostic factors in hyperglycemic 
emergencies
Of note in this study is the fact that two of the subjects who 

died had DFU characterized by ascending gangrene resulting 

in overwhelming sepsis. A previous study had also reported 

fatal outcomes in patients with DFU.5 Reasons that may be 

attributed to this include late presentation to the hospital, 

erroneous traditional beliefs, and high treatment costs.5

All the mortalities recorded were in subjects who had 

DM duration of less than 10 years prior to presentation. This 

is in keeping with findings from the study done by Ogbera 

et al5 who reported that 18 of the 23 subjects who died 

(78.2%) in their study had a shorter duration of DM prior 

to presentation with hyperglycemic emergency. This may 

be due to ignorance of DM complications and the need for 

early presentation to the hospital when complications arise. 

Adequate health education covering all relevant aspects of 

DM care will reduce this pattern.

Conclusion
The highest number of mortalities was recorded in patients 

with HHNK, and clinical profiles of these patients at 

presentation have a prognostic index on the outcome. It is 

also evident from this study that patients with HHNK require 

Table 4 association between precipitating factors of hyperglycemic emergencies and outcome

Factors Discharged home 
n = 100

Death within 24 hours 
n = 2

Death after 24 hours 
n = 3

X2 df P-value

infection 57 (57%) 1 (50%) 1 (33.3%) 9.32 12 0.68
cVa 11 (11%) 0 0
Fracture 1 (1%) 0 0
newly diagnosed 15 (15%) 0 0
non adherence 13 (13%) 1 (50%) 2 (66.7%)
rTa 3 (3%) 0 0

Abbreviations: CVA, cerebrovascular accident; RTA, road traffic accident; df, degrees of freedom.
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more insulin than patients with other HE, although they were 

found to have a shorter duration of stay while on admission in 

the ward. Furthermore, hypertension was the most common 

comorbidity in this study; this further highlights the need for 

physicians attending to these patients to have a high index of 

suspicion in order to recognize patients with hypertension and 

commence early treatment. Also, infections should be treated 

urgently with appropriate antibiotics in diabetic patients as 

this has been identified as the most common precipitating 

factor of HE, with the attendant morbidity and mortality. This 

study also revealed that mortality was higher in male patients 

and patients  have had diabetes for 10 years or more.

Disclosure
The authors report no conflicts of interest in this work.
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