



The Clinical and Comorbidity Profile of Acute Kidney Injury in Critically Ill Patients: A Multi-Center Cross-Sectional Study from Sudan


Abstract


Background: The demographic and etiological landscape of Acute Kidney Injury (AKI) varies significantly across regions, influenced by local disease burdens and healthcare access. Data on AKI characteristics from Sudan and similar sub-Saharan African settings are scarce. This study describes the clinical presentation, age distribution, and comorbidity profile of critically ill patients with AKI in Sudan.

Methods: A prospective, multi-center, cross sectional study was conducted in four major Sudanese hospitals between July and September 2022. All consecutively admitted adult ICU patients meeting KDIGO criteria for AKI were enrolled. Data on demographics and comorbidities were collected using a structured checklist. Descriptive statistics were used for analysis.

Results: Fortytwo patients were included. The cohort was notably  young age distribution was observed, with 41.5% aged 18-39 years. A significant gender-age interaction was noted: younger patients were predominantly female (80%), while elderly patients (≥60 years) were predominantly male (71%). The comorbidity burden was substantial, with 83.4% of patients having at least one chronic condition, a mean of 1.9 comorbidities per patient, and hypertension (43.9%) and diabetes mellitus (34.1%) being most prevalent.

The overall 30-day mortality rate was 29.3%, demonstrating a clear age-dependent gradient. Comorbidity burden was a critical prognostic factor; mortality was 62.5% in patients with ≥3 comorbidities versus 14.3% in those with none. Specific combinations, particularly diabetes + hypertension + cerebrovascular disease, were associated with extremely high mortality (75%). Among survivors, 74.2% recovered normal renal function, while 25.8% progressed to chronic kidney disease.

Conclusion: This study reveals that AKI in this setting is strongly linked to a high burden of non-communicable diseases, leading to significant mortality. The young age of the cohort and the unique gender-age interaction suggest distinct, age-specific risk pathways. The catastrophic outcomes associated with multiple comorbidities, especially the cardio metabolic triad, identify a high-risk subgroup requiring intensive management. The study underscores the urgent need for integrated chronic disease management to prevent AKI and for vigilant recognition of high-risk profiles to improve outcomes.
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Introduction


Acute Kidney Injury (AKI) is a global healthcare problem associated with high morbidity, mortality, and resource utilization [1]. However, its epidemiology is not uniform; significant geographical and socioeconomic variations exist in its incidence, causes, and outcomes [2, 3]. In high-income countries, AKI predominantly affects older populations and is frequently associated with comorbidities such as chronic kidney disease (CKD), diabetes, cardiovascular disease, and iatrogenic causes related to complex procedures [4, 5].


In contrast, the AKI landscape in low- and middle-income countries (LMICs), particularly in sub-Saharan Africa, is presumed to be different. Factors such as a high burden of infectious diseases (e.g., malaria, leptospirosis, HIV), limited access to primary care, late hospital presentation, toxins (e.g., traditional medicines, animal venoms), and obstetric complications are thought to contribute significantly to AKI etiology, potentially affecting a younger demographic [6, 7].


Despite this, there is a critical lack of contemporary, systematic data from Sudan detailing the clinical and comorbidity profile of patients developing AKI in intensive care settings. Understanding the local epidemiology is the first crucial step towards developing effective prevention, early detection, and management strategies tailored to the specific needs of the population.


This study aimed to describe the demographic characteristics and comorbidity patterns of critically ill patients with AKI admitted to ICUs across multiple hospitals in Sudan, providing a foundational snapshot of the disease burden in this context.



Methods


Study Design and Setting A prospective, multi-center, cross sectional
 Study was conducted over three months (July to September 2022). The study sites were four major tertiary care hospitals in Sudan: Soba University Hospital and Fedail Hospital in Khartoum, and Sea Ports Corporation Hospital and Prince Osman Digna Referral Hospital in Port Sudan, Red Sea State. These hospitals serve as referral centers for large urban and rural populations.


Study Population
The study included all critically ill adult patients (≥18 years) admitted to the participating ICUs who were diagnosed with AKI based on the KDIGO clinical practice guidelines (increase in serum creatinine by ≥0.3 mg/dL within 48 hours or increase to ≥1.5 times baseline within the last 7 days, or urine output <0.5 mL/kg/h for 6 hours) [8]. Patients were enrolled consecutively. Exclusion criteria included preexisting chronic kidney disease on dialysis, heart failure, and those on diuretic therapy, to focus on acute events and minimize confounding from chronic fluid overload states.


Data Collection
Data were collected by the principal investigator using a pre-designed, structured checklist. The following data were extracted:
- Demographic characteristics: age and sex.
Documented comorbidities: based on patient history, medical records, and clinical diagnosis. Assessed comorbidities included hypertension (HTN), diabetes mellitus (DM), ischemic heart disease (IHD), chronic liver disease, cerebrovascular disease, asthma, chronic obstructive pulmonary disease (COPD), cancer, and autoimmune diseases.
universal  & local protocols was followed for treating study population admitted under different centres involved in the study.
Ethical Considerations
Ethical approval was granted by the Sudan Medical Specialization Board (SMSB) Ethical Committee. Administrative permission was obtained from the heads of each participating hospital. Informed consent was secured from all patients or their next of kin prior to enrollment. Confidentiality was maintained by using anonymized identification codes for all participants.

Statistical Analysis
Data were analyzed using IBM SPSS Statistics version 25.0. Descriptive statistics were computed for all variables. Categorical variables (e.g., sex, presence of comorbidities) were expressed as frequencies and percentages. Continuous variables (age) were summarized and presented in categories.


Results

The demographic characteristics of our patient group as shown in Tables 1  point to an unexpectedly young age distribution because the percentage of patients aged between 18-39 years was 41.5% (17/41) and only that of the patients aged above did were no more than 19.5% (8/41) . The ratio of females to males was 1.5 (58.5% female vs 39.0%) that of male, driven by the increasing age subgroups across all ages. However, a significant age-gender interaction was noticed, the younger patients (18-39 years) being predominantly female (80%), and elderly patients (60+ years) showing male preponderance (71%). 
The comorbid profile our cohort describes a considerable number of chronic diseases, 39 patients (83.4%) out of 42 had at least one recorded comorbidity. The average number of comorbidities at 1.9 (±1.2 SD) per patient. Hypertension (HTN) was the most common comorbidity (43.9%, n = 18 patients), closely followed by Diabetes Mellitus (DM) (34.1%, n = 14 patients).  a concurrent presence was observed among 24.4% (10/41) patients had them all simultaneously sequenced. Besides HTN and DM, the cohort had a wide range of comorbid conditions including CVD (IHD 17.1%, cerebrovascular disease 14.6%), autoimmune disorders (14.6%) and other comorbidities  as shown in table 2 &3.
Owing to an overall 30-day mortality rate of 29.3% (12/42 patients). Mortality presented an obvious age-dependent trend: 23.5% among the patients aged 18-39

[bookmark: _GoBack]33.3% in those aged 40-59, and a proportion of about 37.5% among >60 group. In terms of renal functional follow-up, 74.2% (23/31) of the survivors achieved normal renal function level and 25.8% (8/31) progressed to chronic kidney disease (CKD) or were diagnosed with CKD. Patients with 3 comorbidities had a mortality of 62.5% in contrast to those without comorbidity (14.3%). Specific comorbidity combinations carried particularly poor prognoses: the triad of  DM+HTN+ Cerebrovascular disease was fatal in 75%and DM+HTN alone equally bad, killing 40% of all its patients. Age-gender interactions revealed complex patterns. Although the total mortality rate of males (37.5%) was higher than that of females (25.0%) .
TABLE 1: Demographic Characteristics (N=41)

	Variable
	Category
	Frequency
	Percentage (%)

	Age Group
	18-39
	18
	46.3%      

	
	40-59
	15
	36.6%      

	
	60+
	7
	17.1%      

	

	Gender
	Female
	26
	61.9%      

	
	Male
	16
	38.1%      

	Total 
	
	42
	100%











































TABLE 2: Distribution of the patients according to Comorbidity Profile
	Comorbidity
	Frequency
	Percentage (%)

	Hypertension (HTN)
	18
	43.9

	Diabetes Mellitus (DM)
	14
	34.1

	Ischemic Heart Disease (IHD)
	7
	17.1

	Cerebrovascular Disease
	6
	14.6

	Autoimmune Disease
	6
	14.6

	Asthma
	3
	7.3

	Chronic Liver Disease
	3
	7.3

	Cancer
	2
	4.9

	COPD
	1
	2.4


*(Multiple Selections )




TABLE 3: Comorbidity Burden per Patient

	Number of Comorbidities
	Frequency
	Percentage (%)
	Cumulative %

	0
	6
	14.6
	14.6

	1
	12
	29.3
	43.9

	2
	9
	22.0
	65.9

	3
	8
	19.5
	85.4

	4
	6
	14.6
	97.6














TABLE 4: Comorbidity Patterns by Age Group
	Comorbidity
	18-39 (n=17)
	40-59 (n=15)
	60+ (n=8)

	HTN
	8 (47.1%)
	7 (46.7%)
	3 (37.5%)

	DM
	4 (23.5%)
	7 (46.7%)
	3 (37.5%)

	IHD
	2 (11.8%)
	4 (26.7%)
	1 (12.5%)

	Cerebrovascular
	2 (11.8%)
	1 (6.7%)
	3 (37.5%)

	Autoimmune
	4 (23.5%)
	2 (13.3%)
	0 (0.0%)









               


 TABLE 5: Distribution of the patients according to their outcome
	Outcome
	
	Frequency
	Percentage (%)

	30-Day Mortality
	Survived
	30
	70.7

	
	Died
	12
	29.3

	Total
	
	42
	100

	Renal Function in follow-up 
	Normal
	22
	73.3

	
	CKD
	8
	26.7

	Total
	
	30
	100








TABLE 6: High-Risk Comorbidity Combinations and Mortality
	Comorbidity Combination
	Frequency
	Percentage (%)
	Mortality in this Group

	DM + HTN
	10
	24.4
	40.0% (4/10)

	HTN only
	8
	19.5
	25.0% (2/8)

	DM only
	4
	9.8
	0.0% (0/4)

	DM + HTN + Cerebrovascular
	4
	9.8
	75.0% (3/4)

	DM + HTN + IHD
	4
	9.8
	50.0% (2/4)

	HTN + Autoimmune
	3
	7.3
	33.3% (1/3)







Discussion

The findings of this study paint a detailed picture of the demographic characteristics, comorbidity burden, and clinical outcomes of AKI . Several key patterns emerge young patient population, and high burden of chronic comorbidities, along with very high mortality rates that correspond with those levels of chronic comorbidity . Our cohort was much younger than those studied in most similar studies. Our population remains, on average and likely due to 41.5% of the patients being between 18-39 years of age, younger than the one in Berhe et al (mean age is 48±18 years). at an Ethiopian emergency department [9]; median age 44 years of in the South African hospital study by Dlamini et al. [11], and the relationship between age and AKI as well as mortality in reports from Sudan, Ethiopia, and India [10, 12, 14]. Such disparity may relate to differences in healthcare provision (with our centre receiving predominantly younger, referred patients with more severe/complex AKI) or indeed a true heightened prevalence of risk factors including hypertension and diabetes among younger adults within our local catchment. One of the most interesting and unique findings was that of a strong gender-age interaction. In our group of young adults (18-39 years), the particularly strong female predominance (by 80%) was in contrast to males, which dominated by 71% among elderly patients (60+ years). This trend is not frequently emphasised in the studies cited, which show overall near-equal or male predominated gender distributions [9, 11, 15]. This implies the existence of distinct, age-specific etiological factors or risk factor pathways in our population, such as obstetric or autoimmune disease in younger women [12] and a higher load of traditional cardiovascular risks among older men.
The comorbidity profile of our cohort, with 83.4% having at least one comorbidity and a mean of 1.9 per patient, underscores the critical role of chronic diseases in AKI pathogenesis in low-resource settings. The predominance of hypertension (HTN, 43.9%) and diabetes mellitus (DM, 34.1%) aligns consistently with nearly all referenced studies. These conditions were the top two comorbidities in Ethiopian ICU and emergency department studies [9, 12], the South African cohort [11], the Tanzanian ICU [13], and studies from India and Brazil [15, 16]. The frequent co-occurrence of HTN and DM in 24.4% of our patients creates a high-risk phenotype for both AKI development and poor outcomes, a synergy noted elsewhere [13].
However, the relative ranking of other comorbidities differed. While cardiovascular diseases (IHD, cerebrovascular) and autoimmune disorders were notable in our cohort, studies by Berhe et al. and Dlamini et al. reported a higher prominence of HIV and malignancy [9, 11]. This variation likely reflects differences in the background disease prevalence in the respective populations and the study setting (e.g., general hospital wards vs. specialized oncology or HIV care centers). The 30-day mortality rate of 29.3% in our study falls within the wide range reported across Africa and India (28.6% to 57.8%) [9, 10, 12, 14, 15]. The clear age-dependent gradient in mortality we observed (23.5% to 37.5%) reinforces the well-established link between aging and poor AKI outcomes, as seen in studies from Sudan and India [10, 14].
What stands out most in death rates is how strongly they tie to the number of existing comorbidities. Starting at 14.3%, deaths climbed sharply hitting 62.5% when three or more comorbidities were present. Each added condition built on the last, raising danger steadily. Work by Kefyalew and team supports this pattern ,  their data showed even one long-term illness raised kidney injury odds almost nine times [12]. Worst off were patients dealing with diabetes, high blood pressure, and stroke-related issues together , nearly three-quarters did not survive. Despite being less numerous, men showed greater death rates  37.5 percent compared to women’s 25.0 percent , a pattern seen in certain reports [10], though not universally, possibly tied to worse underlying conditions or later hospital arrival in male patients. In line with findings from an ICU survey in Tanzania, preexisting heart-related illnesses appeared frequently, while sepsis, typically linked with long-term health issues, strongly signaled fatal outcomes [13]. The presence of diabetes and hypertension together raised the chance of dying by 40 percent, suggesting deep-seated fragility even when no clear cardiac incident occurred.
In those who survived, kidney function returned to normal in 74.2%, a figure close to the 79.8% seen in Dlamini et al.'s study [11]. Still, one out of every four individuals either developed chronic kidney disease or was diagnosed with it , this portion demands ongoing medical attention, an issue echoed widely in different regions [11].

Despite its insights, this work carries constraints relevant to interpretation alongside prior reports. A modest participant count (n=42) could limit how widely results apply, especially regarding death rates tied to particular comorbid pairings. Much like research conducted in South Africa [11], our group , possibly drawn from a specialized care setting , might reflect advanced AKI stages (such as Stage 3), leading to higher fatality estimates than those seen in population-level analyses [10]. Equally important, methods used to record and confirm existing health conditions differ across investigations.
This study has limitations. The sample size, though representative of the participating ICUs during the study period, is modest. The cross-sectional design describes associations but cannot establish causality between comorbidities and AKI. The study did not collect specific data on the etiology of AKI (e.g., septic, toxic, hypovolemic) or the severity of the listed comorbidities, which would provide deeper insights. Furthermore, the findings from these tertiary centers may not be fully generalizable to all hospitals in Sudan.


Conclusion
This study confirms that AKI in our setting is a disease heavily superimposed on a background of chronic non-communicable diseases, particularly hypertension and diabetes, leading to substantial mortality. The young age of our patients and the unique gender-age interaction signal an emerging epidemic requiring targeted prevention strategies. The extremely high mortality associated with multiple comorbidities, especially the triad of DM, HTN, and cerebrovascular disease, identifies a critical subgroup for intensive management. These findings reinforce the broader African and global literature on the centrality of comorbidities in AKI ,  while highlighting distinctive local demographic patterns. Future efforts must focus on integrated management of chronic diseases to prevent AKI and on recognizing high-risk comorbidity profiles to improve outcomes when AKI occurs.
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