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Abstract
Introduction: Surviving acute kidney (AKI) patients have a higher 

late mortality. The negative impact of malnutrition on the early 
outcome of AKI patients has recently been confirmed by various 
studies. However, its impact after hospital discharge has not been 
studied. The objective of the study was to determine the role of 
anthropometric measurements and handgrip strength as predictors of 
mortality 180 days after discharge. 

Methodology: Ninety-five consecutive AKI patients who were 
older than 18 y old and followed by AKI team were prospectively 
evaluated. Patient’s characteristics were recorded, anthropometric 
measurements were taken, handgrip strength was measured, 
subjective global assessment and bio impedance were applied and 
blood samples were collected in two moments at hospitalization (at the 
beginning and end of nephrologist evaluation) and in three moments 
after hospital discharge (at 1 month, 3 and 6 months). Multivariable 
logistic regression was used to adjust confounding and selection bias. 

Results: Age was 62.3 ± 14.7 years, prevalence of hospitalization 
in medical wards of 71.6%, index of severity of AKI (ATN-ISS) was 28%, 
early and late mortality rates were 13.6 and 25.6%, respectively. Risk 
factors associated with late mortality were the number of comorbidities 
(HR=1.79, 95% CI=1.45-2.46, p=0.04), cancer (HR=1.89, 95% CI=1.48-
3.16, p=0.01), sepsis (HR=1.47, 95% CI=1.18-2.38, p=0.03), no recovery 
of renal function at hospital discharge (HR=1.46, 95% CI=1.02-2.16, 
p=0.03), malnutrition at first evaluation (HR=1.58, 95% CI=1.14-2.94, 
p=001) p=0.01), the hand grip value at the moment of last evaluation 
by nephrologist (HR=1.81, 95% CI=1.17-2.31, p=0.04) and gain weigh 
< 1 kg between the moment at first evaluation by nephrologist and 
one month after hospital discharge (HR=1.95, 95% CI=1.29-3.3, p=0.02). 

Conclusion: Handgrip strength and gain weight were identified as 
predictors of late mortality. Simple and ease methods can be applied 
in AKI patients during and after hospitalization to diagnose nutritionally 
patients who are at higher risk for poor prognosis and, consequently 
intervention measures can be performed to improve survival in long-
term.

Background
Traditionally, most studies on AKI have focused on short-term 

outcomes often assessed at hospital discharge.  However, recent 
studies have claimed that long-term outcome of patients after an AKI 
episode is also poor, ranged from 15% to 74% [1-5].

Nutritional status is condition that significantly contributes to an 
increased in-hospital mortality rate of these patients [6-9]. Fiaccadori 
et al. assessed 309 AKI patients and identified association between 
severe malnutrition and unfavourable prognosis [6]. A retrospective 
study by Obialo et al. showed association of values   below 3.5 mg/dL 
of albumin and mortality in AKI patients [7]. Berbel et al. showed 
that low caloric intake, higher CRP levels, presence of oedema, lower 
resistance by bioelectrical impedance and lower nitrogen balance 
were significantly associated with higher risk of in-hospital death in 
AKI patients [8]. 

Although it is known that nutritional status can have impact 
on clinical outcomes, few studies have previously addressed the 
association of the nutritional markers and long-term outcome.

Vecchiarino et al. evaluated 213 hospitalized patients with 
pneumonia at admission and 30 days after hospital discharge and 
showed that malnutrition, inability to walk 50 meters without help 
and handgrip strength lower than 10 kg were associated with longer 
hospital stay, hospital readmission and death [10].

 Kvale et al. cols assessed 346 critically ill patients seven months 
after intensive care unit (ICU) discharge and showed that 28% of 
patients reported to have lost 5-10 kg, 19% of 10-15 kg and 21% had a 
maximum weight loss of more than 15 kg during hospitalization [11]. 
The body weight at the follow-up consultation compared with that 
before the ICU stay was higher in 15% of patients, unchanged in 35% 
and lower in 50% of patients, which shows a persistent worsening of 
the nutritional status even after several months of hospital discharge 
and it may contribute to the poor prognosis of patients.

Considering the lack of information about association of the 
nutritional markers with long-term mortality after AKI episode, 
the objective of this study was to analyze the role of anthropometric 
measurements and handgrip strength as predictors of mortality in 
AKI patients 180 days after hospital discharge.

Patients and Methods
All procedures were approved by the ethics committee of our 

institution (Botucatu Medical School protocol number 2012/10638), 
and all participants gave their written consent.

Study design

From October 2012 to May 2014, 95 consecutive patients older 
than 18 y with clinical diagnosis of AKI and suggestive clinical 
presentation of acute tubular necrosis (ATN) and followed up by the 
nephrology and nutrition team from the Botucatu School of Medicine 
were prospectively evaluated. 
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The diagnosis of AKI was defined according to serum creatinine 
levels, as proposed by the KDOQI - Acute Kidney Injury [12]. 
The exclusion criteria were patients with AKI of other aetiologies, 
those needing chronic renal replacement therapy (dialysis or 
transplantation) or with history of severe chronic kidney disease 
(baseline serum creatinine > 4 mg per 100 ml) and pregnant. 

For sample size estimation, the Fisher-Belle formula was used, 
with the following variables: 30% long-term mortality prevalence in 
AKI patients, 95% confidence interval (CI), and 10% sample error 
[13]. The result was 81 patients.

On admission, patient characteristics including age, gender, 
and concomitant diseases were recorded. Nutritional Assessment 
Protocol was composed by SGA (Subjective Global Assessment), 
biochemical parameters (C-reactive protein, albumin, hemoglobin, 
cholesterol, total lymphocyte count, phosphorus and potassium), 
anthropometry, bioelectrical impedance analysis (BIA) and handgrip 
strength. Biochemical examinations were performed; BIA and 
functional and anthropometric data were collected in two moments 
at hospitalization (atthe first and the last nephrology evaluation) 
and in three moments after hospital discharge (at 1 month, 3 and 6 
months). All surviving patients during hospitalization were evaluated 
30, 90 and 180 days after hospital discharge. 

Anthropometric measurements, BIA and handgrip strength

Mobile patients were weighed on a digital scale and weight 
of immobilised patients was obtained using abed scale. Arm 
circumference and triceps skin-fold thickness (TST) were also 
evaluated. All measurements were performed three times by the same 
examiner, and the average value was adopted as the final result.

BIA was performed using the single frequency equipment 
Biodynamics model 450. It provided results including resistance 
(ohms), reactance (ohms) and phase angle (°). In patients treated 
by haemodialysis, it was performed 30 minutes after the end of the 
session.

Handgrip strengths were measured using a standard adjustable 
handle (TEC-60; Technical Products; Clifton, NJ, USA). All 
measurements were performed for the non-dominant hand, with the 
elbow supported on the bed, and a trained examiner administered 
all tests. The subjects performed three maximum attempts for each 
measurement, and the best performance of these tests was recorded. 
During testing, the participant was strongly encouraged to exhibit 
the best possible force. One-minute rests were given between each 
attempt to minimize fatigue effects [14,15].

Laboratory data analysis

Total serum levels of C-reactive protein, albumin, glucose, 
creatinine, and serum urea nitrogen were measured using the 
dry chemistry method (Ortho-Clinical Diagnostics VITROS 950, 
Johnson & Johnson, New Jersey, USA). Hemograms were obtained 
with a Coulter STKS hematologic autoanalyzer (Luton/ Bedfordshire, 
UK).

Statistical analysis

The data are expressed as mean _ standard deviation or median 
(lower to upper quartile). Statistical comparisons between the groups 
for continuous variables were performed using Student’s t test for 
parameters with normal distributions. Otherwise, comparisons 
between groups were conducted using the Mann-Whitney. The chi-
square test was used for all categorical data. Logistic regression was 

Characteristics Patients N=95 Pacientes N=82 p

First nephologist evaluation Last nephologist evaluation

Weight (kg) 73.98 ± 19.76        71.10 ± 19.43 0.09

BMI (kg/m2)                  26.4 ± 6.7 24.8 ± 5.7 0.67

Nutritionalstatus  N (%)

Severe malnourished 1(1.05) 1(1.22) 0.51

Moderate malnourished 7(7.37) 7(8.54) 0.58

Mild malnourished 8(8.42) 7(8.54) 0.59

Well nourished 22(23.16) 22(26.83) 0.21

overweigh 21(22.11) 14(17.07) 0.19

Obesity 36(37.89) 31(37.80) 0.69

SGAN(%)

Well nourished 30(31.58) 28(34.14) 0.43

Moderate malnourished 47(49.47) 42(51.22) 0.49

Severe malnourished 18(18.95) 12(14.63) 0.11

Handgrip (kg) 13 ± 10.48 16.1 ± 11.4 0.04

PA(o) 4.96 ± 1.37 4.98 ± 1.25 0.73

Reatance (ohms) 39.23 ± 15.84 43.07 ± 15.02 0.10

Table 1:  Nutritional parameters at initial and final moments of nephrologist evaluation in-hospital.

BMI: Body Mass Index; SGA: Subjective Global Assessment ; PA: Phase Angle
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used to predict late mortality. Handgrip strength and anthropometric 
measurements were tested as independent variables and adjusted by 
age, gender, comorbidities and creatinine and severity of AKI. Data 
analysis was performed using Sigma Stat 3.5 for Windows (Systat 
Software, Inc., San Jose, CA, USA). P values lower than 0.05 were 
considered statistically significant.

Results
Ninety-five consecutive AKI patients were evaluated. Among 

these patients, mean age was 62.3 ± 14.7 y, 62.6% were men, 
septic and ischemic were the main AKI etiology (32.6 and 29.2%, 
respectively), the most of patients had co morbidities (70.4%), AKI- 
AKIN 3 was frequent in 63 patients, ATN-ISS was 0.28 ± 0.10 and 14 
patients (13.7%) died during the hospital stay. Eighty-two patients 
had hospital discharge and 4 patients lost the follow up (4.9%). 
Recovery renal function was complete at hospital discharge in 23.2% 
of patients. The long-term mortality was 25.6%. The demographic, 
clinical, and laboratory data are presented in Table 1.

Patients’ weight at the first nephrologist evaluation was 73.7kg 
± 19.3. During hospitalization, the most of patients had weight loss 
(83.3%). The severe weight loss, defined as higher than 10%, occurred 
in 33.7% of patients. 

During hospital stay, the handgrip strength was the only 
nutritional parameters that presented significant difference. At the 
initial moment it was 13 ± 10.5 kg, while at the final moment it was 

16.1 ± 11.4 kg (p=0.04). There was no difference in body mass index 
(BMI), nutritional status, phase angle and reactance. Forty percent 
of patients were obese, while 16% were malnourished. Phase angle 
and reactance were 4.96 ± 1.37 and 39.23 ± 15.84 at first evaluation 
and 4.98 ± 1.25 and 43.07 ± 15.02 at the last in-hospital evaluation, 
respectively. 

Table 2 shows the nutritional follow up of surviving AKI patients 
after hospital discharge. There was increase in weight (73.9 ± 19.8 vs. 
78.9 ± 22.3, p<0.05 ), in BMI (26.4 ± 6.9 vs. 27.6 ± 7.3, p<0.05), in 
well nutrished according to SGA (40.2% x 75.4, p<0.05), in handgrip 
strengths (13.7 ± 10.6 x 27.3 ± 14.9, p<0.05), in phase angle (5.1 ± 
1.4 x 6.2 ± 1.0, p<0.05) and in reactance ( 41.9 ± 14.6 x 52.2 ± 10.8, 
p<0.05). 

Table 3-5 describes the clinical, nutritional and laboratory data 
of long-term survivors and non-survivors. There was no difference 
in gender (p=0.49), hypertension (p=0.47), diabetes (p=0.47), liver 
failure (p=0.98), etiology of AKI (p=0.27), need for dialysis (p=0.26) 
and chronic kidney disease (p=0.82). The non-surviving group had 
higher number of comorbidities (p=0.031), cancer and sepsis (p= 
0.01 and 0.02, respectively) and non-recovery of kidney function at 
hospital discharge moment (p= 0.005), as shown in Table 3.

Nutritional data are presented in Table 4. There was no difference 
in anthropometric measures and in reactance and phase angle. Long-
term non-survivors had lower weight and recovery of weight (75.34 
± 21.21 vs. 71.45 ± 22.03, p=0.048 and 3.3 ± 1.4 vs. -0.3 ± 0.1, p=0.03, 

Nutritional characteristics First nephologist 
evaluation in-hospital

Last nephologist 
evaluation in-hospital

After 1 
Month

After 3 
Months

After 6 
Months p

N=95 N=82 N=71 N=61 N=61

Weight (kg) N(%) 73.93 ± 19.76 71.10 ± 19.43 71.66 ± 21 77.34 ± 21.21 78.89 ± 22.32a <0.05

BMI (kg/m2) 26.41 ± 6.99 25.18 ± 6.52 25.58 ± 6.30 26.98 ± 6.30 27.58 ± 7.27a <0.05

Nutritional status  N (%)      

Severely malnourished 1(1.22) 2(2.44) 2(2.81) 1(1.64) 1(1.64) 0.31

Moderately malnourished 6(7.32) 12(14.63) 8(11.26) 2(3.27) 1(1.64)b <0.05

Mildly malnourished 6(7.32) 7(8.53) 3(4.22) 5(8.20) 3(4.91) 0.38

Well nourished 21(25.61) 18(21.95) 19(23.17) 15(24.59) 16(26.22) 0.08

overweigh 18(21.95) 14(17.07) 15(21.12) 13(21.31) 11(17.02) 0.34

Obesity 30(36.56) 27(32.93) 24(33.80) 25(40.98) 28(45.90) 0.38

SGAN(%) 82(100) 82(100) 71(100)  61(00) 61(100) 

Well nourished 33(40.24) 27(32.92) 34(47.89) 43(70.49) 46(75.40)a <0.05

    Moderate malnourished 39(47.56) 40(51.22) 32(45.00) 16(26.22) 13(20.96)a <0.05

     Severe malnourished 10 (12.19) 15(18.29) 5(7.04) 2(3.28) a 2(3.28)a <0.05

Handgrip (kg) 13.68 ± 10.57 16.47 ± 11.33 21.55 ± 12.48 24.72 ± 13.19 27.34 ± 14.92a <0.05

PAF (o) 5.06 ± 1.35 4.98 ± 1.19 5.29 ± 1.05 5.55 ± 0.96 6.18 ± 1.03a <0.05

Reatance (ohms) 41.88 ± 14.55 44.22 ± 14.60 45.02 ± 15.63 48.35 ± 11.05 52.21 ± 10.76b <0.05

Extra cell water(%) 66.90 ± 6.82 60.40 ± 6.56 49.27 ± 7.01 48.19 ± 6.59 46.51 ± 6.86a <0.05

Table 2: Long-term nutritional parameters of AKI patients.

a: Significantly different from the first and the last evaluation of nephrologist  in-hospital
b: Significantly different from the last evaluation of nephrologist  in-hospital
c: Significantly different from the first and last evaluation of nephrologist  in-hospitaland 1 month after hospital discharge
BMI: Body Mass Index; SGA: Subjective Global Assessment; PA: Phase Angle
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respectively), lower BMI (26.58 ± 6.30 vs. 22.49 ± 7.71, p=0.042), 
higher prevalence of malnourished patients during all follow-up (12.2 
vs. 33.3%, p=0.01 during hospital stay; 18.3 x 47.6%, p=0.001 and 7 x 
40%, p<0.001 after 30 and 90 days hospital discharge, respectively), 
and had lower handgrip strengths at moment hospital discharge and 
30 days after (16.47 ± 8.33 vs. 10.00 ± 4.51, p=0.04 and 21.55 ± 9.48 
vs. 12.00 ± 4.97, p=0.02, respectively).

Table 5 describes the laboratory data of long-term AKI survivors 
and non-survivors. The two groups were similar in creatinine, BUN, 

albumin, haemoglobin and cholesterol levels. The non-survivors 
patients had higher CRP and cholesterol at 30 days after hospital 
discharge (7.70 ± 2.61 vs. 4.17 ± 1.07 mg/dL, p=0.04 and 176.30 ± 
64.65 vs. 210.43 ± 59.20 mg/dL, p=0.038, respectively).

Twelve factors met criteria for inclusion in the multivariable 
analysis and long-term mortality was significantly associated with 
higher number of co morbidities (HR=1.79, 95% CI=1.45-2.46, 
p=0.04), non-recovery of kidney function at hospital discharge 
(HR=1.46, 95% CI=1.02-2.16, p=0.03), BMI < 24 kg/m230 days 

Characteristics SurvivorsN=61 Non-survivors N=21 P

Male sex 40(65,57) 12(57,14) 0.49

Age (years) 61.20 ± 13,83 64,43 ± 18.07  0.19

Comorbidities N(%):   0.031

no 10(16.4) 4(19)

1 33(54.1) 8(37.2)  

2 18(29.5) 9 (42.8)  

Type of Comorbidities N(%):    

Hypertensio 39(63.93) 11(55.00) 0.47

Diabetes 30(49.18) 8(40.00) 0.46

Liverfailure 3(4.92) 1(4.76) 0.98

cancer 2(3.28) 4(19.05) 0.01

Time of hospitalization N(%): 25.77 ± 18.05 28.90 ± 17.45  0.29

Admission N(%):   0.01

UCI 12(19.6) 16(76.19)  

Clinicalward 43(70.5) 3(14.3)  

Surgicalward 6(9.8) 2 (9.5)  

CKD N(%): 19(31.15) 9(42.86) 0.33

AKIN N(%):   0.26 

I 13(21.31) 2(9.52)  

II 15(24.59) 4(19.05)  

III 33(54.10) 15(71.43)  

Etiologyof AKIN (%)   0.27

Ischemic 18(29.50) 5(23.80)  

Septic 22(36.06) 6(28.60)  

Nephotoxic 11(18.03) 4(19.04)  

Mix 6(9.83) 4(19.04)  

Pos renal 1(1.63) 0  

Others 3(4.92) 2(9.52)  

Presence of sepsis N(%): 20(32.79) 11(57.89) 0.02 

Dialysis N(%): 13(21.31) 5(23.81) 0.82

ATN-ISS N(%):  0.21 ± 0.19 0.25 ± 0.19  0.41

Recovery of kidney function  0.005

no 8 (13.1) 16 (76.2)  

Partial 12 (19.7) 3(14.3)  

Total 41 (67.3) 2(9.5)  

Table 3: Clinical characteristics of acute kidney injury patients according to long-term survival.

UCI: Unit Intensive Care; AKI: Acute Kidney Injury; ATN-ISS: Acute Tubular Necrosis-Individual Specific Score
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Characteristics:
First nephologist evaluation 

in-hospital Last nephologist evaluation in-
hospital

After 1 
month hospital 
discharge

N=82 N=82 N=71

Survivors weight (kg)  N(%) 73.93 ± 20.23 71.10 ± 19.43            75.34 ± 21.21

Non-survivors weight (kg)  N(%) 71.13 ± 18.81 70.00 ± 22.94          71.45 ± 22.03

P 0.91 0.84 0.048

Survivors weight range (kg) -1.5 ± 0.43 3.3 ± 1.4

Non-survival weight range (kg) -1.2 ± 0.34 -0.3 ± 0.1

P 0.87 0.003

Survivors BMI (kg/m2) 26.41 ± 6.99 25.18 ± 6.52 26.58 ± 6.30

Non- survivors BMI (kg/m2) 27.42 ± 7.29 24.25 ± 8.24 22.49 ± 7.71

P 0.71 0.44 0.042

SGAN(%)    

Survivors well nourished 33(40.24) 27(32.92) 34(47.89)

Non- Survivors well nourished 6 (28.57) 4 (19.04) 3(14.29)

P 0.04  0.03  0.03

Survivorsmoderately malnourished 39(47.56) 40(51.22) 32(45.00)

Non-survivors moderately malnourished 8 (38.09) 7(33.33) 3(14.29)

P  0.51 0.18 0.09 

Survivors severely malnourished 10 (12.19) 15(18.29) 5(7.04)

Non- survivors moderately malnourished 7 (33.33) 10(47.62) 4(40.00)

P  0.01 0.001 <0.001 

Survivorshandgrip (kg) 13.68 ± 7.57 16.47 ± 8.33 21.55 ± 9.48

Non-survivorshandgrip (kg) 9.21 ± 3.17 10.00 ± 4.51 12.00 ± 4.97

P                  0.09              0.04 0.02

Survivors PA (o) 5.06 ± 1.35 4.98 ± 1.19 5.29 ± 1.05

Non-survivors PA (o) 5.06 ±1.46 4.82 ± 1.04 5.10 ± 1.29

P 1.00 1.00 1.00

Survivors reactance (ohms) 41.88 ± 14.55 44.22 ± 14.60 45.02 ± 15.63

Non-survivors rectance (ohms) 40.36 ± 16.75 42.80 ± 16.00 45.36 ± 10.71

P  0.69 0.88 0.91 

Table 4: Nutritional parameters evolution in  AKI patients according to time.

SGA: Subjective Global Assessment; FA: Phase Angle.

after hospital discharge (HR=1.95, 95% CI=1.29-3.3, p=0.02), gain 
weight lower than 1 kg between first evaluation in-hospital stay 
and 30 days after hospital discharge (HR=1.95, 95% CI=1.29-3.3, 
p=0.02), malnourished patients at hospital stay evaluation (HR=1.58, 
95% CI=1.14-2.94, p=0.01) and handgrip strengths lower than 10 
kg at hospital discharge (HR=1.81, 95% CI=1.17-2.31, p=0.04) and 
lower than 15 kg 30 days after hospital discharge (HR=1.76, 95% 
CI=1.21-2.44, p=0.03), according to Table 6. Handgrip strength 
and anthropometric measurements were tested as independent 
variables and adjusted by age, gender, comorbidities and creatinine 
and severity of AKI. Interestingly, each 1 kg decrease in handgrip 
strength increased the risk of long-term mortality by 14% at the two 
time points.

Discussion

The studied AKI population showed similar characteristics to 
those described previously in literature such as older age, male sex, 
and presence of co morbidities, mainly hypertension, diabetes, liver 
disease, cancer and CKD [1-4].

The most of the patients were obese according to BMI. However, 
the presence of edema, very common in these patients, may have 
overestimated the weight and influenced this result. There was a 
predominance of patients with moderate malnutrition according 
to the classification by SGA. According to BIA, the phase angle was 
around 5 and the reactance of 40 ohms. The only nutritional parameter 
that showed statistically significant difference during in-hospital 
follow-up was the handgrip strength evaluated by the dynamometer.

Similar results were observed by Berbel et al. [8]. The authors 
assessed 113 AKI patients with clinical diagnosis of acute tubular 
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necrosis followed by at least seven days during hospitalization and 
observed that the majority of patients were overweight, phase angle 
was around 5 and the reactance at the end of follow-up was 40.1 
ohms. Fiaccadori et al. cols applied SGA in 309 AKI patients and also 
found that most the patients (58%) were malnourished [6]. 

  Study performed by Guerra et al. evaluated 712 hospitalized 
patients and showed higher handgrip strength values at the time 
of hospital admission than those presented in this study (19.2 kg 
in women and 37.9 kg in men) [16]. However, there were fewer 
malnourished patients (32%) according to SGA. Norman et al. 
assessed 287 hospitalized patients and found lower values (26%) of 
handgrip strength in malnourished patients compared to those well-
nourished, according to SGA (30.82 (11-48) kg vs. 45.22 (13.51-67.7) 
in men and 18.5 (5.90-48.8) kg vs. 23.81 (5.60-56.5) kg in women 
(p<0.05), which may partially explain low handgrip strength values 
found in this study [17]. 

Previous studies have shown that nutritional parameters as 
weight, BMI and thickness of the adductor significantly influence 
the handgrip [17-22]. Norman et al. reported that in acute or chronic 
disease parameters such as disease severity, co morbidities, medical 
treatment and immobilization contribute to muscle weakness, 
decreasing the welfare of patients and changing the handgrip strength 
[22]. In addition to these factors, inflammation, infection, the use 
of steroids and muscle relaxants, hypoxia, electrolyte imbalance 
and oxidative stress, also have adverse effects on muscle function, 

compromising the hand grip [20-22].

In the present study there was a reduction in inflammation 
assessed by CRP (16.2 ± 6.0 vs. 9.2 ± 5.2, p=0.03) at final follow up 
in hospital stay, factor that may have improved handgrip strength.

The in-hospital mortality was 13.7%, which is lower than the 
mortality observed in other studies. This difference in mortality can 
be attributed to the fact that in this study the majority of patients 
were from wards. Many ICU patients were excluded from this study 
because they do not have ability to perform the handgrip strength. 

There was significantly improvement in the long-term nutritional 
parameters. There was significant increase in albumin levels after 
1 month, weight and BMI increased after 3 months, and after six 
months there was improvement of nutritional status according to 
SGA, phase angle, reactance and handgrip strength. However, by the 
end of follow-up 50% of patients had not yet recovered the weight 
they had before admission.

So far there are few studies in the literature accompanying the 
nutritional evolution of critically ill patients after hospital discharge 
and none performed in the AKI population. Lim and cols followed 
163 hospitalized patients and five months after hospital discharge 
and observed that at the last consult there was significant increase in 
weight (44 ± 8, 5 kg x 46.3 ± 9, 6 kg), improvement in quality of life 
assessed by the EQ-5D VAS (61.2 ± 19.8 x 71.6 ± 17.4), in the handgrip 
strength (15.1 ± 7.1 x 17.5 ± 8.5) and in nutritional status in 74% 
of patients by ASG [23]. Study by Kvale et al. evaluated 346 critical 

Characteristics: First nephologist evaluation in-
hospital Last nephologist 

evaluation in-hospital

After 1 
month hospital diacharge

N=82 N=82 N=71

Survivors creatinine(mg/dL) 3.87 ± 1.89 2.03 ± 0.91 2.20 ± 1.04

Non-survivors creatinine (mg/dL) 3.59 ± 1.42 2.13 ± 1.19 1.85 ± 2.26

p 0.91 0.91 0.41

Survivors BUN (g/dL) 79.41 ± 39.52 45.26 ± 29.32 35.24 ± 26.80

Non-survivors BUN (g/dL) 64.57 ± 66.92 35.54 ± 15.52 30.91 ± 19.32

p 0.84  0.24  0.29

Survivors Albumin (g/dL) 2.99 ± 0.79 3.03 ± 0.71 3.51 ± 0.74

Non-survivors albumin (g/dL) 2.88 ± 0.86 2.81 ± 0.77 3.63 ± 0.85

p 0.91 0.24 0.48

Survivors CRP (mg/L) 16.46 ± 5.55 9.03 ± 4.28 7.70 ± 2.61

Non-survivors CRP (mg/L) 14.18 ± 6.65 10.34 ± 3.64 4.17 ± 1.07

p 0.09 0.13 0.04

Survivors hemoglobin(g/dL) 10.71 ± 2.01 10.61 ± 1.88 11.09 ± 2.09

Non-survivors hemoglobin (g/dL) 9.67 ± 1.66 9.49 ± 1.60 10.36 ± 1.84

p  0.49  0.51 0.74 

Survivors total cholesterol (mg/dL) 137.35 ± 43.19 143.16 ± 46.15 176.30 ± 64.65

Non-survivors total cholesterol (mg/dL) 161.33 ± 60.75 164 ± 59.73 210.43 ± 59.20

p 0.11 0.14 0.038

Table 5: Nutritional parameters evolution in AKI patients according to long-term survival.

CRP: C-Reactive Protein; BUN: Blood Urea Nitrogen
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patients seven months after discharge from the ICU and showed that 
32% of patients reported to have lost 0-5 kg, 28% lost between 5 and 
10 kg, 19% lost of 10-15 kg and 21% had a maximum weight loss of 
more than 15 kg during hospitalization [11]. The body weight at the 
follow-up consultation compared with that before the ICU stay was 
higher in 15% of patients, unchanged in 35% and lower in 50% of 
patients, which shows a persistent worsening of the nutritional status 
even after several months of hospital discharge and it may contribute 
to the poor prognosis of patients.

Mortality after 6 months of clinical follow up was 25.6%. 
Multivariate analysis identified as factors independently associated 
with late mortality: the number of co morbidities, the presence of 
cancer and sepsis, lack of recovery of renal function, malnutrition 
at baseline, gain weight lower than 1 kg between first evaluation 
in hospital stay and 30 days after hospital discharge, and handgrip 
strengths lower than 10 kg at nephrologist discharge and lower than 
15 kg 30 days after hospital discharge.

Recently several studies have addressed the long-term outcome of 
patients surviving after an AKI episode and late mortality is between 
15-71%, depending on the population studied and the time of follow-
up [5,6]. However, none of these studies evaluated the impact of 
nutritional factors in the late prognosis.

Data similar to those reported in our study were observed by 
Schiffl & Fischer that evaluated a cohort of 425 AKI patients who 
needed for dialysis, of which 226 survived and were followed for 5 
years after hospital discharge [2]. The predictors of mortality late 
were surgical admissions, co morbidities and partial recovery of renal 
function at the time of hospital discharge. In another study by Schiffl 
et al. with the same cohort of survivors followed up for 10 years after 
hospital discharge, late mortality rate was 80% and the recovery of 
renal function at the time of hospital discharge was associated with 
lower mortality [24]. In the same study, age, gender, co morbidities, 
the APACHE II score and the type of renal replacement therapy were 
also associated with long-term mortality. 

Liano et al. studied 177 patients with previous normal renal 

function and surviving the AKI episode and found survival of 60% 
at 10 years in patients who had total recovered renal function at the 
time of hospital discharge, while those who had partial recovery 
showed lower survival (42%). In this same study, the presence of co 
morbidities such as heart and liver failure, cancer, hypertension and 
diabetes were identified as factor independently associated with late 
mortality [3]. Bagshaw et al. Followed 240 surviving AKI patients for 
1 year and found that the number of co morbidities, the presence of 
liver disease, higher APACHE II, septic shock and need for RRT were 
factors associated with late death [25].

In our study, no weight gain after hospital discharge and the 
presence of malnutrition by SGA at baseline were factors associated 
with late mortality. Oliveira et al. evaluated 605 hospitalized patients 
and found that malnutrition according to SGA, risk of malnutrition 
assessed by geriatric nutritional risk index (GNRI), lower BMI, 
albumin and pre albumin were associated with increased risk of in-
hospital mortality [26].

In our study, handgrip strength lower than 10 kg at the time of 
discharge from the nephrologist and lower than 15 kg one month 
after hospital discharge were associated with late mortality. Similar 
results were observed by Vecchiarino et al. in study that evaluated 
213 hospitalized patients with pneumonia at admission and 30 days 
after hospital discharge [10]. The authors showed that malnutrition, 
inability to walk 50 meters without help and handgrip strength 
lower than 10 kg were associated with longer hospital stay, hospital 
readmission and death.

The handgrip strength measured by the dynamometer is an 
indicator of strength and muscle mass and can identify the effects 
of malnutrition even before the changes in body composition 
parameters are identified. Thus, it is a promising measure as an 
indicator of malnutrition in hospitalized patients. In addition, 
their low values are associated with outcomes such as increased 
postoperative complications, decreased survival in the short and long 
term, longer hospital stays and higher rates of hospitalization [27]. 
Although handgrip strength is a readily available, low-cost method, 

Parameters HR CI 95% p

> 2 comorbidities 1.79 1.45-2.46 0.04

cancer 1.19 0.98-2.16 0.01

ICU admission 1.14 0.93-1.17 0.31

sepsis 1.47 0.88-2.38 0.03

Non-recovery of kidney function 1.46 1.02-2.16 0.03

BMI < 24 kg/m2 after hospitalar discharge 1.95 1.29-3.3 0.02
Severely malnutrished patients according SGA at first 
nephrologist evaluation in-hospital 1.58 1.14-2.94 0.01

Weight range (kg) (< 1 kg) 1.95 1.29-3.3 0.02
Hand grip at the last nephrologist evaluation in-hospital (< 
10 kg) 1.81 1.17-2.31 0.04

Hand grip at 1 month after hospital discharge  (< 15 kg) 1.76 1.21-2.44 0.03

CRP at 1 month after hospital discharge (> 5 mg/gl) 1.24 0.88-1.86                                            0.31

Total cholesterol  at 1 month after hospital discharge (> 200 mg/
dl) 1.11 0.84-1.91 0.52

Table 6: Multivariable analysis of clinical, laboratory and nutritional parameters associated with late mortality in AKI patients.

ICU: Intensive Care Unit; SGA: Subjective Global Assessment; BMI: Body Mass Index; CRP: C-Reactive Protein
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it has some limitations. One important limitation is that a subject’s 
cooperation is always required. In addition, there is still no absolute 
consensus on the measurement protocols for handgrip strength. For 
example, an optimal body posture or the position of the shoulder, 
elbow, and wrist can easily alter maximum grip strength [28]. In 
addition, the handheld dynamometer must be well calibrated and 
adjusted for hand size for accurate measurements [29].

There was no association between cholesterol and in-hospital and 
long-term mortality (p=0.18 and 0.52, respectively). However, low 
cholesterol levels have been described as predictors of complications 
and mortality, including the AKI population. Obialo et al. identified 
reduction of around 50% in the survival of AKI patients who had 
cholesterol lower than 150 mg/dL at admission [7]. More recently, 
Guimarães et al. studied 56 AKI patients in ICU and showed that 
cholesterol levels below 96 mg /dL were associated with mortality [9].

Finally, this study has some limitations. It was conducted in a 
single center, follow-up was only 6 months and more severe patients 
were excluded.

However, despite its limitations, this is the first study that 
evaluated the long-term nutritional outcome of patients after an 
episode of AKI and identified nutritional factors associated with late 
mortality.

Conclusion
Interesting and useful results as non-recovery of weight, 

malnutrition assessed by SGA at baseline and lower handgrip 
strength values at discharge from hospital and 30 days after were 
associated with long-term mortality. Simple and ease methods can be 
applied in AKI patients during and after hospitalization to diagnose 
nutritionally patients who are at higher risk for poor prognosis and, 
consequently intervention measures can be performed to improve 
survival in long-term.
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