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Abstract 

Aim: To evaluate the therapeutic and evolutionary aspects of diabetic ketosis decompensation, a decade after 

its previous report in our center. 

Materials and Method: This was a 3-year retrospective study, including all patients admitted from June 

1, 2016 to May 31, 2019 for DKA at the Endocrinology and Metabolic Diseases Department of the National 

and University Hospital Hubert Koutoukou Maga (CNHU-HKM). Ketosis was defined by the presence of at 

least 2 acetone crosses on the urine strip. 

Results: A total of 196 patients were included. The mean age was 43.73 years ± 16.2 years with a sex ratio 

of 0.96. The prevalence of DKA was 28.99%. The main precipitating factors of DKA were infections 

(67.86%) and non-compliance to the treatment (29.59%). The most common infections were urogenital 

(23.30%), respiratory (18.04%) and malaria (32.33%). The mortality was 2.55%. Male subjects (84.36%) had 

blood glucose levels above 3g/L with a higher mean dose of insulin used (84.71 IU versus 54.29 IU for 

women p=0.008). Duration of recovery (p=0.008) and length of hospitalization (p=0.006) were statistically 

longer for men. 

Conclusion: The prevalence of ketosis decompensations remains high. The main decompensation factors 

found were infections and non-compliance to treatment.  Improving patient care over the past decade had 

produced a positive impact on mortality, recovery time and length of hospitalization. 
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Introduction 

Diabetes mellitus is a public health concern worldwide and particularly 

in low and middle-income countries due to its increasing prevalence 

while access to care remains  challenging [1]. 

In Benin, between 2001 and 2008, the prevalence increased from 1.1% 

[2] to 2.6% [3]. In 2015, this prevalence was as high as 12.4% [4]. The 

course of diabetes mellitus can be marked by acute or chronic 

complications [5]. Diabetic ketoacidosis (DKA) and hyperosmolar 

hyperglycemic syndrome (HHS) are the most common acute 

complications [1,5]. The hospital frequency of these acute complications 

is high in developing countries. In fact, in Ivory Coast and Burkina-Faso 

the prevalence of DKA was respectively 30.7% [5] and 59.1% [1]. The 

main factors for decompensation were infections, poor adherence to 

treatment, and lack of awareness toward the disease [1, 5, 6]. In Benin, a 

study carried out in the endocrinology department of the CNHU-HKM in 

2009 reported a prevalence of 21.40 % of diabetic ketosis 

decompensations (DK). The main triggers found in that study were 

infections (51.49%) and non-compliance to treatment (25.74%). In 

addition, the outcome was favorable in 89.1% and mortality rate was 7.9 

% [7]. 
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After a decade, we aimed to evaluate the current prevalence of DK, to 

identify the main decompensation factors, and to assess the outcome of 

patients hospitalized for DK at the University hospital CNHU-HKM of 

Cotonou, Benin. 

Materials and methods 

This was a retrospective, descriptive and analytical study involving 

diabetic patients hospitalized at the endocrinology department of CNHU-

HKM from June 1, 2016 to May 31, 2019. The hospitalized diabetic 

patients with a ketonuria at least equal to two crosses [7] with glycemia 

equal or higher than 250 mg/dL, and positive glycosuria were included 

in the study.  

The following features were collected: age, sex, profession, duration of 

diabetes, type of diabetes, decompensation factors, body mass index 

(BMI), blood glucose, glycosuria, ketonuria, kalemia, natremia, parasitic 

density for malaria, bacteriological analysis of urine, chest x-ray, blood 

culture, method of insulin administration (continuous  versus  

discontinuous), overall resuscitation duration, length of hospitalization, 

and outcome (favorable, death). 

The ketosis decompensation of diabetes mellitus was defined by a 

glycemia ≥ 250 mg/dL and a ketonuria ≥ two crosses with positive 

glycosuria. [7] Regarding the factors causing decompensation, we 

defined two variables:  the infectious causes including pulmonary, 

urogenital, digestive, skin (other than diabetic foot) infections, diabetic 

foot and malaria; and the non-infectious causes defined by the non-

compliance to treatment, lack of awareness toward diabetes, and 

intercurrent diseases other than infections (myocardial infarction and 

stroke). 

The other variables were defined as follows: 

Patient weight was assessed using de BMI and classified into four (4) 

categories: Underweight BMI less than 18.5 kg/m2; Normal: BMI 

between 18.5 and 24.9 kg/m2; overweight: BMI between 25 and 29.9 

kg/m2; Obese: BMI ≥ 30 kg/m² [9]. 

Method of administration of insulin: Continuous insulin infusion protocol 

(insulin administered continuously by infusion pump) and multiple 

insulin injections protocol (administered each hour). 

Total recovery time: period from the first insulin injection to the second 

negative ketonuria. 

Length of hospitalization: period from the date of entry to the date of 

discharge. 

Data were collected via an electronic questionnaire designed from the 

Kobocollect application suite based on the CAPI (Computer Assister 

Personal Interview) system. The data source was the hospitalized diabetic 

patient’s records and the hospitalization registry. 

We checked the consistency of the data and the outliers and duplicates 

were removed. The analysis was done using the SPSS software version 

21 and R version 3.6.1. We used frequency measurements to describe and 

analyze the data collected. Thus, the qualitative variable had been 

described in the form of proportions and quantitative variables in the form 

of position parameters. The comparisons of the means were made using 

the t test and those of proportions were made using the χ² test or the Fisher 

test as appropriate. Differences were considered statistically significant 

for p-value less than 0.05.  

Results 

Study population characteristics 

A total of 676 records of hospitalized diabetic patients were examined, 

among which we identified 196 records of diabetic patients hospitalized 

for ketosis decompensation. The mean age of the patients was 43.73 years 

± 16.2 years with ranges of 13 and 100 years. There was a female 

predominance with a sex ratio of 0.96. The study population consisted of 

37 type 1 diabetics (18.87%) and 157 type 2 diabetics (80.10%). 

Decompensation was inaugural in 39.8% of patients and, for known 

diabetic patients, the mean duration of diabetes was 6.09 years ± 6.62 

years with extremes of 0 and 30 years. Excess weight (overweight or 

obesity) was present in 38.51% of the subjects included. (Table 1) 

 Mean ± SD N (%) 

Age (years) 43.73 (16.2) - 

Gender (Female) - 100 (51.02) 

Type of diabetes   

Type 1 - 37 (18.87) 

Type 2 - 157 (80.10) 

Diabetes inaugurated by ketosis 

decompensation 

- 78 (39.8) 

Duration of diabetes 6.09 (6.62) - 

Excessweight - 57 (38.51) 

Hyperglycemia  ≥ 300 mg/dL   

Men - 81(84.37) 

Women - 68 (68.0) 

Ketonuria≥ +++ - 141(71.94) 

Table 1: General characteristics of patients admitted for ketosis decompensation 

Prevalence and decompensation factors 

The prevalence of ketosis decompensations was 28.99% with a 95% 

confidence interval of [25. 57-32.41]. 

Among the decompensation factors, infections were found in 67.86% (133)  

 

 

of cases, non-compliance with treatment in 29.59% (58) of cases and in 9.61% 

(18) of cases, no factor has not been identified. The infectious sites were 

dominated by genitourinary site (23.30%), respiratory site (18.04%) and 

malaria (32.33%). (Table 2). 
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Precipitatingfactors N % 

Infection 133 67.86 

Non compliancewithtreatment 58 29.59 

Intercurrent disease 6 3.06 

Ignorance of diabetes 14 7.14 

No factor identified 19 9.61 

Infectious sites   

Pulmonary 24 18.04 

Genitourinary 31 23.30 

Digestive 5 3.75 

Skin 20 15.03 

Diabetic foot 10 7.51 

Malaria 43 32.33 

Table 2 : Ketosis decompensation factors 

Biochemical abnormalities of patients at admission 

The mean blood glucose level was 411 mg/dL ± 1.40 with extremes of 

153mg/dL and 900 mg/dL. Among the patients admitted for ketosis 

decompensations, 71.94% had ketonuria greater than or equal to 3 

crosses. 

The electrolytic disturbances were hypokalemia (26.53%), hyperkalemia 

(3.06%) and hyponatremia (24.49%). 

Therapeutic and evolutionary aspects 

Intensive insulin therapy with an electric syringe pump (continuous) was 

used in 23.97% of cases and in 62.75% of cases it was an hourly 

(discontinuous) intravenous bolus. The mean duration of resuscitation 

was 11.16 hours ± 8.29 with a minimum of 2 hours and a maximum of 

53 hours. The average amount of insulin used per patient during 

resuscitation was 68.84 IU ± 60.40 with a minimum of 10 IU and a 

maximum of 436 IU. For continuous insulin therapy the mean dose was 

63.19 IU ± 54.02 with a minimum of 10 IU and a maximum of 309 IU 

and for discontinuous insulin therapy the mean was 71.75 IU ± 63.59 with 

a minimum of 10 IU and a maximum of 436 IU. 

The outcome of DKA was favorable in 92.85% of cases. Mortality was 

2.55% and 4.60% of patients left against advice. 

Male sex was the factor found statistically associated with prolonged 

resuscitation duration (p = 0.008). (Table 3). 

 Recovery time  

(hours) 

p 

Age (in year) (<40/  ≥40) 12.02 10.49 0.351 

Gender (Male/Female) 13.33 9.17 0.008 

Precipitating factors (Infections/ Other 

factors) 10.79 12.03 0.524 

Method of insulin therapy 

(Continuous/Discontinuous) 11.74 10.86 0.591 

Kalemia (low/Normal) 10.38 11.58 0.717 

Natremia (Low/Normal) 12.28 10.74 0.705 

Baseline glycemia (mg/dL) (< 300/≥300) 9.66 11.73 0.197 

Baseline ketonuria (++ / ≥ +++) 10.22 11.52 0.426 

Results are expressed as means for all patients 

Table 3: Associated factors with the duration of resuscitation in patients admitted for ketosis decompensation 

Male sex (p = 0.008) and higher baseline glycemia (p = 0.005) were statistically associated with a higher mean insulin dose. (Table 4). 

 Mean dose of 

insulin (IU) p 

Age (in year) (<40/  ≥40) 73.33 65.38 0.507 

Gender (Male/Female) 84.71 54.29 0.008 

Precipitating factors (Infections/ 

Other factors) 67.41 72.24 0.741 

Method of insulin therapy 

(Continuous/Discontinuous) 63.16 71.75 0.45 

Kalemia (low/Normal) 66.47 74.19 0.626 

Natremia (Low/Normal) 82.91 67.08 0.304 

Baseline glycemia (mg/dL) (< 

300/≥300) 49.63 79.24 0.005 

Baseline ketonuria (++ / ≥ +++) 57.49 73.21 0.153 

Results are expressed as means for all patients 

Table 4:  Associated factors with the mean dose of insulin used in patients admitted for ketosis decompensation 
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The mean length of hospitalization was 10.35 days ± 8.85 with extremes of 1 day and 78 days. Male gender (p = 0.006) and baseline glycemia (p = 0.010) 

were statistically associated with mean length of hospitalization. (Table 5). 

 Lenghof 

hospitalization 

(days) p 

Age (in year) (<40/  ≥40) 9.51 10.85 0.319 

Gender (Male/Female) 12.16 8.61 0.006 

Precipitating factors 

(Infections/ Other factors) 11 8.97 0.058 

Method of insulin therapy 

(Continuous/Discontinuous) 10.04 9.9 0.886 

Kalemia (low/Normal) 11.08 11.62 0.297 

Natremia (Low/Normal) 11.38 11.05 0.868 

Baseline glycemia (mg/dL) (< 

300/≥300) 8.15 11.04 0.01 

Baseline ketonuria (++ / ≥ 

+++) 12.53 9.5 0.095 

Results are expressed as means for all patients 

Table 5: Associated factors with the lengh of stay in patients admitted for ketosis decompensation 

Discussion 

The mean age of the patients was 43.73 years ± 16.2 years, ranging from 

13 to 100 years. This result is similar to the one reported in our previous 

study [7] in 2009 and to the one reported by Kakoma and al. in 2014 in 

the Democratic Republic of Congo [6] who found a mean age of 44.8 

years with minimum and maximum of 20 and 79 years respectively. 

Results are controversial in the literature regarding the sex-ratio [7, 10-

12]. In our study, a slight predominance of female sex (53%) was found. 

Classically, DKA occurs in patients with type 1 diabetes [13-15]. This is 

not the case in our work where it was found a predominance of type 2 

diabetes. In fact, our study population consisted of 37 type 1 diabetes 

patients (18.87%) and 157 type 2 diabetes patients (80.10%). In addition, 

ketosis decompensations inaugurated diabetes in 39.8% of cases. This 

frequency of inaugural decompensation in black subjects is comparable 

to that found by other authors such as: Leye and al. [10] in 2013 in 

Senegal with a frequency of 38.24, Gninkoun and al. [7] in Benin in 2009 

with a frequency of 49.5%, and Lokrou and al. [5] in 2014 in Ivory Coast 

with 49.3%. This predominance of type 2 diabetes found in a context of 

inaugural decompensations in black individuals could be explained by 

the existence in black individuals of a form of atypical diabetes occurring 

in adult patients and whose discovery would be inaugurated by an episode 

of diabetic ketoacidosis [16, 17]. Indeed, Djrolo and al. [18] in the same 

center found a prevalence of 5.70% for this atypical form of diabetes in 

Cotonou in 2011. 

The prevalence of DKA remains high according to the literature. The 

frequency of 28.99% found in our work is close to those reported by 

Bazin and al. [19] in France in 2014 (30.1%), Lokrou and al. [5] in 2014 

in Ivory Coast (30.7%). The precipitating factors have not changed over 

time in our context. Indeed, 10 years ago, Gninkoun and al. reported in 

the same center that the main precipitating factors of decompensation 

were infections (51.49%), and diabetes treatment interruption 

(25.74%)[7].In the current study, these factors are dominated by 

infections (67.9%) and (non-compliance to treatment (’29.6%). These 

factors seem to be the most reported in other studies as well [5, 7, 10, 20, 

21].  

For DKA treatment, intensive insulin therapy was the main protocol used 

(86.8% of patients). The mean duration of recovery was 11.16 hours ± 

8.29 and the mean amount of insulin used per patient was 68.84 ± 60.40 

IU. Lokrou and al. [5] in 2014 in Ivory Coast reported a mean duration 

of resuscitation of 11.37 ± 4.5 hours with a mean amount of insulin of 

52.6 ± 29.0 IU. This difference related to the insulin dose would probably 

be due to the lower frequency of obesity (16% versus 38.51%) in the 

Lokrou‘s study, the insulin requirements being function of the patients' 

weight. A decade earlier, Gninkoun and al. [7] had found in the same 

center a mean duration of 13.39 hours versus 11.16 hours found in the 

present work. This improvement observed for the duration of recovery 

could be explained by a better care of patients due to the implementation 

of DKA treatment protocol with continuous insulin infusion and 

telephone call-duty by endocrinologists in 2012. 

We reported a favorable outcome in 92.9% of cases and death was 

observed in 2.55% of patients.Sarr and al. [11] in 2011 and Pouye and al. 

[22] in 2003 in Senegal had respectively noted a favorable evolution in 

91.7% and 94.1% of cases respectively. Mortality has declined sharply in 

recent years and this is confirmed by current data. However, it is worth 

to notice that high mortality rates are still observed in developing 

countries. Lokrou and al. [5] in Ivory Coast in 2014 reported a death rate 

of 5.1%; Gninkoun and al. [7] in Benin in 2009 found a mortality rate of 

7.9%. On the other hand, some authors have reported higher rates of 

mortality: 17.14% in South Africa in 2017 [23]; 27.5% in the Democratic 

Republic of Congo in 2014 [6]; 40.5% in Mali in 2007 [24] and 48.7% in 

Burkina Faso in 2017 [1]. In the northern countries, the death rates are 

rather lower: less than 1% in the USA in 2017 and 2016 [25, 26]; 1.2% 

in Spain in 2015 [27]; 1.7% in China in 2016 [28]. In addition, taking 

into account the publication dates of the various studies, there is a 

decrease in mortality rates in the most recent studies and certainly 

because of therapeutic progress and improvements in technical facilities. 

In Benin particularly, the lethality of ketosis decompensations has 

decreased considerably in our de, dropping from 7.9% in the work of 

Gninkoun and al. [7] to 2.55% after a decade confirming the 

improvement in the care and monitoring of patients in the department. 

This improvement in patient care has also resulted in a reduction in the 

length of hospitalization, which decreased from 13.23 days in 2009 to 

10.35 days in 2019. While the level of the technical platform, which is 

higher in developed countries therefore promotes more effective care for 

patients who otherwise have health insurance; the seriousness of the 

clinical feature, the delay in admitting patients and the precarious socio-

economic conditions constitute the factors of poor prognosis in the 

developing countries. 

Male individuals seemed to present specificities in our work. Indeed, our 

results have shown that 84.36% of male subjects had a glycemia above 

300mg/dL. Even if it is not obvious to explain this result, the fact that the 
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mean insulin dose was higher in men (84.71I IU versus 54.29 IU in 

women p = 0.008) is quite understandable. The hourly doses of insulin 

are determined by the glycemia during resuscitation and the men had the 

highest blood sugar levels. In addition, the much longer duration of 

resuscitation found in our study in men (p = 0.008) constitutes an 

additional argument. 

Conclusion 

Our study showed that the prevalence of DK is still high and that the main 

decompensation factors have not changed significantly over time. 

Improving patient care over the past decade had produced a positive 

impact on mortality rate, which has been reduced by a factor of three, 

with a marked decrease in the duration of resuscitation and length of 

hospitalization. 
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