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Abstract
Background: There are distinct differences specific to gender in the susceptibility, prevalence, and progression of kid-
ney injuries. We aimed to investigate whether there is a correlation between acute kidney injury (AKI) developing in 
patients monitored in the intensive care unit (ICU) with regards to gender. 
Methods: The current study retrospectively screened the electronic records of patients monitored in the adult ICU 
between 2015 and 2018. The patients’ age, gender, duration of their stay in the ICU, mortality rate, and need for hemo-
dialysis were recorded and analyzed. The diagnosis of AKI was defined according to the Acute Kidney Injury Network 
(AKIN) criteria. Patients with AKIN stage 2 and stage 3 were accepted as having an AKI. Patients were separated into 
two groups: those who developed an AKI and those who did not. The patients were classified into age groups: those 
aged 18–65 years and those older than 65 years. The demographic data and gender distribution of the groups were then 
compared. 
Results: Of the patients who developed AKI, the mean age (p =0.0001), the number of days they stayed at the ICU (p 
=0.006), the mortality rate (p =0.0001), and the need for hemodialysis were significantly higher than the non-AKI group. 
There was no statistically significant difference between the groups with regards to gender distribution (p =0.612).
Acute kidney injury was found to be statistically significantly higher in both the male and female groups over 65 years 
when compared to the group aged 18–65-years (male p =0.004, female p =0.002, respectively).
Conclusions: When surveying the complete patient sample, AKI in the ICU was more prevalent in adult males under 
65 than their female counterparts. However, there were more incidences of AKI in women over 65 than in men over 65 
years. This may be due to structural changes and comorbidities in the kidney due to advanced age, as well as a decrease 
in estrogen levels. HIPPOKRATIA 2019, 23(3): 126-130.
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Introduction
Studies on both humans and animals have revealed 

distinct differences specific to gender in the susceptibility, 
prevalence, and progression of kidney diseases1,2. These 
gender differences are observed in both acute and chronic 
kidney diseases like membranous nephropathy and immu-
noglobulin, nephropathic, and polycystic kidney diseases, 
respectively. There are differences in glomerular structure 
linked to gender3. Additionally, sex hormones have signifi-
cant effects on the renin-angiotensin system. These effects 
may cause changes in the functions and structure of the 
kidneys2,4. Estrogens may affect many processes included 
in the pathogenesis of kidney disease, like cell prolifera-
tion, as well as collagen and proteoglycan synthesis. 

Estrogens may regulate the synthesis and secretion of 
vasoactive agents, cytokines, and other growth factors by 
indirect routes. This situation may change collagen destruc-
tion modification and mesenchymal cell functions. Estro-
gens may regulate genes with a role in extracellular matrix 
metabolism by a mechanism linked to the receptor5,6. Addi-
tionally, estrogens increase antioxidant and nitric oxide syn-

thase enzyme activity. All these mechanisms contribute to a 
protective effect in the progression of kidney diseases in the 
female5,7. There is only one study that has investigated the 
correlation of acute kidney injury (AKI) regarding gender 
among hospital patients8. However, there is no study exam-
ining whether there is a difference in AKI in terms of gender 
among patients monitored in the intensive care unit (ICU). 
In the current study, we aimed to investigate whether there 
is a correlation between AKI development and gender in pa-
tients monitored in the ICU.

Methods
We initially obtained permission from the Non-inter-

ventional Ethics Committee of Bezmialem Vakıf University 
Medical Faculty (decision No: 23/282, date: 18/12/2018). 
The study was performed retrospectively on retrieved elec-
tronic patient records from 1,989 patients who were fol-
lowed in Bezmialem Vakıf University Medical Faculty adult 
ICU between 01/01/2015 and 01/10/2018. The exclusion 
criteria were i) patients under the age of 18, ii) patients with 
a diagnosis of chronic renal failure, iii) patients with a high 
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creatinine value on admission, and iv) postoperative outpa-
tients. We examined the records of all patients who did not 
fall into the exclusion criteria and who had had their creati-
nine serum values measured. We then studied the patients’ 
ages, gender, duration of stay in the ICU, mortality rate, and 
need for hemodialysis. An AKI diagnosis was made accord-
ing to the Acute Kidney Injury Network (AKIN) criteria. 
The AKIN criteria were organized and published by the 
AKIN working group in 2007. A diagnosis of AKI is made 
according to the changes in the serum creatinine and urine 
levels within 48 hours (Table 1)9,10. According to the AKIN 
criteria, patients in stage 2 and stage 3 were accepted as hav-
ing an AKI. Patients were classified into two groups: those 
developing an AKI and those not developing an AKI, and 
according to age to those aged 18–65 years and those older 
than 65 years. The demographic data and gender distribu-
tion of the groups were compared. 

Statistical Analysis
The statistical analyses in this study were performed 

with NCSS (Number Cruncher Statistical System) 2007 
Statistical Software (Utah, USA). In the evaluation of 
data, besides the descriptive statistical methods (mean, 
standard deviation, median, interquartile range), other 

methods used include the Shapiro-Wilk normality test for 
the distribution of variables, an independent t-test for the 
comparison of two groups with normal distribution vari-
ables, the Mann-Whitney U test to compare two groups 
with non-normally distributed variables. A Chi-square 
test was used to compare qualitative data. Results were 
assessed at a significance level of p <0.05.

Results
A total of 1,190 patients who met our criteria were 

included in the study. Of these patients, 653 were female, 
and 527 were male (Figure 1). The AKI group had a sig-
nificantly higher mean age than the non-AKI group (p 
=0.0001). The number of patients over 65 years of age in 
the AKI group was significantly higher than in the non-
AKI group (p =0.0001). However, no statistically signifi-
cant difference was observed in the gender distributions 
between the groups (p =0.612). The patients who had 
AKI in the ICU spent significantly more time in the hos-
pital than the non-AKI group (p =0.006). The mortality 
rate was significantly higher in the AKI group than in the 
non-AKI group (p =0.0001). The need for hemodialysis 
was also significantly higher in the AKI group compared 
to the non-AKI group (p =0.0001) (Table 2). Both males 

Table 1: According to the Acute Kidney Injury Network (AKIN) criteria organized and published in 2007, the diagnosis of 
acute kidney injury is made according to the changes in serum creatinine and urine levels within 48 hours.

AKIN classification

Stage Serum creatinine criteria Urine output criteria

1 Increase in serum creatinine of ≥0.3 mg/dl or increase to 
≥150 to 200% from baseline

Urine output <0.5 ml/kg/h x6 h

2 Increase in serum creatinine to >200 to 300 % from 
baseline

Urine output <0.5 ml/kg/h x12 h

3 Increase in serum creatinine to >300 % from baseline (or 
serum creatinine of ≥4.0 mg/dl with an acute increase of 
at least 0.5 mg/dl)

Urine output <0.3 ml/kg/h x24 h or anuria x12 h

Table 2: Age, gender, length of stay in ICU, mortality rate, and need for hemodialysis of the 1,190 patients monitored in the 
adult ICU between 2015 and 2018 that were included in the study and divided into groups according to the presence of acute 
kidney injury (AKI). 

Non-AKI
n: 753

AKI
n: 437

p

Age mean ± sd 60.24 ± 19.64 66.65 ± 16.86 0.0001*
18-65 years 414 54.98 % 186 42.56 %

0.0001+
>65 years 339 45.02 % 251 57.44 %

Gender
male 409 54.32 % 244 55.84 %

0.612+
female 344 45.68 % 193 44.16 %

Length of stay in ICU
mean ± sd 10.36 ± 9.61 11.8 ± 12.74

0.006‡
median (IQR) 7 (4-13) 8 (5-16)

Mortality rate
(-) 545 72.38 % 147 33.64 %

0.0001+
(+) 208 27.62 % 290 66.36 %

Need for hemodialysis
(-) 738 98.01 % 365 83.52 %

0.0001+
(+) 15 1.99 % 72 16.48 %

ICU: Intensive care unit, AKI: Acute Kidney Injury, sd: standard deviation, *: Independent t-test, ‡: Mann Whitney U test, +: Chi Square test, 
Bold indicates value p <0.05. 
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and females over 65 years of age had significantly higher 
rates of acute kidney injury than in the group aged 18–
65-year (male p =0.004, female p =0.002, respectively) 
(Table 3). 

confirmed that androgens are important for the greater 
extend of renal injury in the male sex3,7. Tunicamycin, 
which is an agent contributing to the endoplasmic reticu-
lum stress in male rats, induces apoptosis more rapidly as 
measured with Bax and caspase 3 activation. In female 

Table 3: Gender and age distribution of the two groups [with acute kidney injury (AKI) and without (non-AKI)] monitored in 
the adult ICU between 2015 and 2018.  
Gender Age Non-AKI AKI p
Male 18-65 years 248 60.64 % 120 49.18 %

0.004*
>65 years 161 39.36 % 124 50.82 %

Female 18-65 years 166 48.26 % 66 34.20 %
0.002*

>65 years 178 51.74 % 127 65.80 %
AKI: Acute Kidney Injury, *: Chi Square test, Bold indicates value p <0.05. 

Figure 1: Patient selection algorithm of the 1,190 patients monitored in the adult ICU between 2015 and 2018 who met the 
inclusion and exclusion criteria and were included in the current study.
ICU: Intensive care unit, AKI: Acute kidney injury.

Discussion 
Acute kidney injury is a complicated medical con-

dition that affects the outcome of patients in ICU9. The 
development of AKI prolongs the duration of ICU stay 
and significantly increases the morbidity and mortality 
of these patients in both the short- and long-term10-12. 
This study’s results align with previous findings that 
the mortality rate is higher and the length of stay at the 
ICU longer in the group of patients who developed AKI. 
Prevention of AKI and the determination of risk factors 
are crucial for reducing morbidity and mortality. Age 
and gender are among the factors affecting the occur-
rence of AKI10,13. Recently, epidemiologic studies have 
shown that the presence of kidney disease is higher and 
progresses more rapidly in males7. Androgens are a risk 
factor for glomerular injury. They contribute to the dis-
ruption of hemodynamics and the progression of dam-
age in the kidneys. Experimental animal models have 

rats administered with testosterone before the tunicamy-
cin, induction of endoplasmic reticulum stress markers 
occurred with regression of tissue morphology and renal 
functions, similar to male rats9,14. 

Neugarten et al collected all previously-published 
gender-distributed AKI data focused on patients who 
were monitored in hospital and concluded that the in-
cidence of AKI developing in the males of this sample 
was higher than that of the females8. Chung et al15 also 
supported this conclusion. However, the Kidney Disease 
Improving Global outcomes (KDIGO) guidelines, used 
to predict AKI, state that females are susceptible to the 
development of hospital-sourced AKI16 In our study, we 
found that more males developed AKI in the ICU. Of the 
437 patients who developed an AKI, 55.8 % (n =244) 
were male and 44.2 % (n =193) were female. While this 
difference was not statistically significant when our pa-
tients were classified by age, there was a higher differ-
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ence between genders in the aged 18–65 years group, 
with 120 males and 66 females developing an AKI. In the 
group of patients over 65 years of age, 124 male patients 
and 127 female patients developed an AKI. Structural 
and physiologic changes occur in the kidneys as people 
age. Nephrons’ mass reduces, and vascular and glomer-
ular degeneration develops at a microscopic level. The 
glomerular filtration rate reduces, as the tendency toward 
cellular apoptosis increases. All these changes explain 
the increasing occurrence of AKI as patients age17. 

Moreover, increased comorbid factors and the sever-
ity of diseases present in older patients also contribute 
to an increase in the incidence of AKI9. Kolhe et al18 in-
vestigated factors that contribute to instances of AKI by 
following patients through 15 years, checking in with 
them once every five years. They found that the average 
age for AKI increased from 59.7 to 65.1 years and that 
the probability of developing an AKI in the male popula-
tion was significantly higher in all three periods. Even 
during the different phases of the menstrual cycle, high 
estrogen levels show proliferative and antiapoptotic ef-
fects on proximal tubular cells, and short-term treatment 
with estrogen is known to have protective and therapeutic 
renal effects7. The protective effect of estrogen is limited 
in premenopausal females, and it is emphasized that the 
protective effect is lost with advancing age and meno-
pause19,20. Our study found that younger women were 
significantly less likely to develop an AKI than women 
over 65, which confirms the previous statement regard-
ing estrogen.

In animal models and postmenopausal women, it is 
known that selective estrogen receptor modulators (ral-
oxifene) and material mimicking most of the effects of es-
trogen may improve the progression of kidney disease7,21. 
Female rats tolerate ischemia-reperfusion injuries better 
than male rats, and it was shown that administering ad-
ditional estrogen before such injuries protected female 
rats even more7. After an ischemic injury, female rats had 
better renal histology, lower apoptosis caspase activation, 
and much better survival compared to male rats3,22. How-
ever, contrary to all the data collected from animal mod-
els, females are reported to be at a higher risk for AKI 
after medical procedures such as cardiac surgery, amino-
glycoside nephrotoxicity, and contrast nephropathy8. Fe-
male rats are more susceptible to cisplatin-sourced AKI 
and were observed to develop a more severe necrotic tu-
bular injury. In nephrotoxic models, the survival of male 
rats is accepted as better than female rats22,23. 

Limitations
In our study, included patients were heterogeneous. 

We faced some limitations since we only had retrospec-
tively access to data provided to us by the electronic re-
cords. This meant that we could not access the severity 
scores, comorbid pathologies, and nephrotoxic medica-
tions regarding all patients. We could not obtain data 
about the cause of AKI development in these patients 
and could not discuss this with the patients themselves. 

Another limitation is that the data was collected from a 
single hospital. We acknowledge that prospective studies 
investigating gender differences in AKI should be per-
formed with larger sample sizes and at the cellular and 
molecular levels in order to guide us further regarding the 
prevention and treatment of this condition. 

Conclusions
In our patient sample, AKI in the ICU was more 

prevalent in adult males under 65 years of age than their 
female counterparts. However, we found more AKI in 
women over 65 years than in men over 65 years of age. 
It appears that there is a less significant difference be-
tween genders in older populations. This may be due to 
structural changes and comorbidities in the kidney due 
to advanced age, as well as a decrease in estrogen levels.
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