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	 Background:	 Albumin level does not precisely reflect nutritional status. We aimed to investigate the impact of a nutrition in-
tervention on hemodialysis patients by use of fluorescence-based plasma albumin (FPA) detection.

	 Material/Methods:	 Eighty patients underwent maintenance hemodialysis for more than half a year and had a mean albumin <3.5 g/dL 
for over 3 months. The subjects were randomly divided into either a Control Group (CG) or an Intervention Group 
(IG). The IG received nutritional supplementation, and the CG group received routine nutritional support for 12 
months. FPA and plasma albumin (PA) concentrations were measured. The fluorescence probe 1,3-Dichloro-7-
hydroxy-9,9-dimethyl-2(9H)-acridone methyl biphenyl benzoate was used in FPA detection. Quality of life was 
estimated using WHOQOL-BREF (Quality of Life Scale developed through the World Health Organization), the 
36-Item Short-Form Survey (SF-36), and the 6-minute walking test (6MWT).

	 Results:	 After a 6-month and a 12-month intervention, PA and FPA concentrations increased, and the increase in FPA 
concentration was higher than that of PA in the IG group (P<0.05). Comparatively, the parameters of quality 
of life and 6MWT were improved in the IG group (P<0.05) but there were only minor changes in the CG group 
(P>0.05). There is an obvious association between the changes in FPA concentration and the parameters of 
quality of life and 6MWT but not PA.

	 Conclusions:	 Use of the fluorescence probe improves the detection sensitivity of plasma albumin and provides a potential 
method to assess clinical outcomes in hemodialysis patients.
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Background

High rates of nutritional deficiency are widely reported in pa-
tients undergoing maintenance hemodialysis [1,2]. Malnutrition 
can cause micro-inflammatory reactions, leading to malnutri-
tion-inflammation-atherosclerosis syndrome (MIA) and cardio-
vascular events, seriously affecting the lifespan and the gen-
eral wellbeing of patients [3,4]. An optimal diet is critical to 
improve the outcomes of hemodialysis patients [5,6]. Albumin 
reflects the nutrition status of patients, and low plasma albu-
min (PA) is often associated with poor clinical outcomes [7]. 
Therefore, albumin management is often tried in various he-
modialysis modalities [8]. However, the most appropriate level 
of albumin for nutrition assessment remains unclear. The con-
nection between albumin and nutrition is tenuous and likely 
confounded by comorbid diseases [9].

A variety of albumin measurement methods have been devel-
oped, including dye binding [10], size exclusion [11], and immu-
noassay [12]. However, size exclusion has poor selectivity when 
compared with other chromatographic techniques. Immunoassay 
is often affected by the experimental situation, such as the in-
cubation time and incubation temperature. The dye binding 
method is non-specific for human serum albumin detection, is 
often reversible, and is easily affected by high-affinity endoge-
nous molecules (such as bilirubin or bile acid) and exogenous 
substances (such as drugs or food additives) [14]. In addition, 
dye binding, size exclusion, and immunoassay cannot distinguish 
between natural and denatured albumin. Reactive probes are 
usually designed based on the recognizing, binding, and cata-
lytic characteristics of a given enzyme molecule, and thus will 
improve the selectivity of the detection of the target molecule. 
Thus, it may be important to develop an alternative method, such 
as human albumin reactive probe molecules (ABPs) for specifi-
cally detecting natural albumins in complex biological systems.

Based on a previous report [15], we decided to use high-sensitiv-
ity and high-specificity fluorescent probes such as 1,3-Dichloro-
7-hydroxy-9,9-dimethyl-2(9H)-acridone methyl biphenyl benzo-
ate (DDAMBB) for albumin detection. We aimed to investigate 
the efficiency of FPA probing in patients on maintenance he-
modialysis, and to use this method to assess the nutrition de-
ficiency in the subjects to provide an early nursing nutritional 
intervention. The relationship between the wellbeing or physical 
activity of patients and FPA or PA levels was also investigated.

Material and Methods

Participants

From July 2017 to June 2019, 360 patients on maintenance he-
modialysis in the Outpatient Department of the First Affiliated 

Hospital of Dalian Medical University were recruited as the 
research subjects. After the implementing the inclusion and 
exclusion criteria, 80 patients were enrolled in the study 
(Figure 1). All subjects gave informed consent to participate 
in this study and signed an informed consent form. The study 
was approved by the Ethics Committee of the First Affiliated 
Hospital of Dalian Medical University.

Inclusion Criteria

The patients were 18-60 years of age, underwent maintenance 
hemodialysis for at least 6 months, had mean albumin <3.5 g/dL 
for over 3 months, and had kidney failure, which was confirmed 
using the values of estimated glomerular filtration rate (eGFR) 
less than 15 mL/min/1.73 m2 [16]. eGFR was evaluated via the 
abbreviated Modification of Diet in Renal Disease (MDRD) for-
mula: 186×(Creatinine/88.4)–1.154×(Age)–0.20× (0.742 if female).

Exclusion Criteria

Hepatic insufficiency was confirmed by using plasma levels of 
aspartate aminotransferase (AST) and alanine aminotransferase 
(ALT), which were over 2 times the upper limit of the normal 
range. We also excluded patients for drug and alcohol abuse 
and acute infection. Women were excluded if they were expe-
riencing pregnancy or lactation. Chronic kidney disease (CKD) 
and life-threatening complications can be caused by dialysis. 
Kidney transplantation was performed within 3 months, and 
the expected survival time was £1 year.

Sample Size Calculation

The number of individual samples needed was calculated us-
ing the equation [17]:

n=2(Za+Z1-b)
2s2/D2,

where n stands for mandatory sample number, Za stands for 
a constant-reference based on the accepted a error, Z1-b is 
a constant-reference based on the power in the present re-
search. s presents the standard deviation (S.D.), and D pres-
ents the difference in effects between the Intervention and 
Control groups. The significance level (a error level) was 0.05 
and the power was 0.8. Za is 1.96 based on a two-tailed test 
and Z1-b is 0.84. The noise refers to Gaussian distribution cen-
tered on zero with the S.D. of 0.5 [18]. The S.D. s is 0.8 based 
on reported literature [19]. For D, an effect size of 0.3 is of-
ten considered as small [20]. The desired number of subjects 
were 65, and 80 patients were finally selected to allow for a 
15% loss of patients to follow-up [21].
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Randomization

A total of 360 patients on maintain hemodialysis at our hos-
pital were recruited. According to the selecting standards, 80 
subjects were finally selected. Random numbers were generat-
ed by a computer. According to the number, the patients were 
divided into a nutritional Intervention group (IG) and a Control 
group (CG). The patients received nutritional supplementation 
in the IG group, and the patients received routine nutritional 
support in the CG group for 12 months.

Nutritional Nursing Intervention

For both groups, the nursing staff provided routine care for the 
patients based on routine albumin detection, including con-
dition observation, nutrition and diet guidance, and medica-
tion guidance. Nursing staff conducted nutritional care inter-
ventions for the patients that included the following aspects. 
First, they distributed health education manuals and assisted 
patients in formulating a reasonable diet plan, told them how 
to carry out diet interventions, and help them develop rea-
sonable eating habits. Second, according to the test results, 
timely interventions in nutrition and diet care were performed 
for the patients, who were instructed to eat less fat food, eat 
more fresh fruits and vegetables, eat more lean meat, milk, 

eggs, fish, and other protein-rich foods to ensure the intake 
of various vitamins. Third, the nurses paid close attention to 
changes in the patient’s body mass. Scientific and appropri-
ate nutritional care can ease the patient’s clinical symptoms, 
correct the patient’s metabolic disorder, and improve the func-
tion of the patient’s kidneys.

The nutritional supplementations provided to the IG group 
comprised carbohydrates, proteins, lipids, calcium, phospho-
rus, potassium, and sodium, based on a previous report [22] 
with modification, which is mainly from milk, eggs, sugar, and 
cornstarch. The nutritional supplement was prepared within 
15 min of consumption using the method detailed in a pre-
vious report [22] and was offered to the patients during the 
first half of each hemodialysis session.

Dietary Assessment

Assessment of dietary intake is extremely important for he-
modialysis patients. A semi-quantitative food frequency ques-
tionnaire was developed to assess the nutritional status ac-
cording to a previously reported method before and after 6 
and 12 months of intervention [23].

Enrollment
Assesment for eligibility (n=360)

Excluded (n=280)
• Not meeting inclusion criteria (N=197)
• Declined to participate (n=39)
• Other reasons (n=44)

Allocated to intervention (n=40). IG
• Received allocated intervention (n=40)
• Did not receive allocated intervention (n=40)

Allocated to intervention (n=40). CG
• Received allocated intervention (n=40)
• Did not receive allocated intervention (n=40)

Randomized (n=80)

Allocation

Allocated to IG (n=38). Lost to follow-up
(n=2, one was transferred to another center
and one declined to participate further)

Allocated to CG (n=39). Lost to follow-up
(n=1, one was transferred to another center)

6-month follow-up

Allocated to IG (n=35). Lost to follow-up
(n=3, one was transferred to another center
and two were dead)

Allocated to CG (n=30). Lost to follow-up
(n=6, three was transferred to another center
and three were dwad)

12-month follow-up

Analysed (n=35)
•  Excluded from analysis (n=0)

Analysed (n=33)
•  Excluded from analysis (n=0)

Analysis

Figure 1. �The present study CONSORT (Consolidation of Standards for Reporting Trials).
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FPA and PA Measurement

Before and after 0 months, 6 months, and 12 months of inter-
vention, 5 mL of blood was collected from each subject into 
ethylene diamine tetra-acetic acid (EDTA)-coated tubes and 
plasma was isolated through centrifugation at 4000×g for 
10 min. PA was measured using the Human Albumin ELISA 
Kit (Biorbyt, MA, USA) on an automatic chemistry analyzer 
(Mindray, BE-2000, China).

DDAMBB was purchased from DICP (Dalian, China). We exposed 
0.5% plasma and human albumin (200 mg/mL) to a series of 
concentrations of DDABP (0.2-20 μM) in phosphate buffer 
(pH=7.4, 100 mM) at 37°C for 30 min. The reaction was end-
ed by adding ice-cold acetonitrile. Metabolite was detected by 
measuring the fluorescence value at 662 nm. The amounts of 
the product per unit time represented the rate of the enzyme-
catalyzed reaction. Kinetic parameters (Km and Vmax) were 
calculated using GraphPad Prism 8.0 software. Plasma was di-
luted by 200 times and mixed with probe DDAMBB (final con-
centration 10 nM) in a 200 μL buffer reaction system, reacted 
at 37°C for 30 min, and an equal volume of ice-cold acetoni-
trile was added to stop the reaction. We used 200 nL of reac-
tion solution for fluorescence detection (excitation/emission: 
600/662 nm). The FPA content was then calculated based on 
the standard curve, which was made using standard albumin.

Measurement of Biochemical Parameters

The plasma total cholesterol (TC), triglycerides (TG), high-den-
sity lipoprotein cholesterol (HDL-C) and low-density lipoprotein 
cholesterol (LDL-C) were measured using kits from Shenggong 
Company (Shanghai, China). C-reactive protein (CRP) was eval-
uated using a kit (Beyotime, Beijing, China). Plasma creati-
nine was measured using a kit (BioVision, Milpitas, CA, USA). 
Adiponectin concentration was measured using ELISA (Kaibun 
Biotech, Shanghai, China). HbA1c (%) was measured using a 
HbA1c commercial kit (Recipe Chemicals – Instruments GmbH, 
Munich, Germany). AST and ALT were measured using kits from 
Shino-Test Corp. (Tokyo, Japan).

Assessments of Life Quality and Physical Activity

World Health Organization Quality of Life (WHOQOL-BREF) 
questionnaire was used to measure the quality of life, which 
consists of 4 domains (Physical health, Psychological, Social re-
lationships, and Environment) in the WHOQOL-BREF question-
naire [24]. For the assessment of quality of life, the SF-36 ques-
tionnaire (36-Item Short-Form Health Survey) was also used to 
measure patients’ health status. The SF-36 has 36 items com-
prising physical function (PF), social function (SF), role physi-
cal (RP), role emotional (RE), mental health (ME), vitality (VT), 
body pain (BP), and general health (GH) [22]. Physical activity 

was measured using the 6-minute walking test (6MWT), which 
assesses how far a patient can walk in 6 minutes.

Statistical Analysis

The Shapiro-Wilk test was used to confirm the normal dis-
tribution of continuous variables, which were described as 
mean±standard deviation (S.D.). The differences between the 
2 groups were assessed using the t test on 2 paired samples 
and Wilcoxon’s test at a significance level of P<0.05. Pearson 
correlation coefficient was used to evaluate the association 
between FPA or PA and the parameters of quality of life or 
physical activity. The data were processed using SPSS 20.0 
software (IBM, IL, USA), and the statistical difference was sig-
nificant if P<0.05.

Results

Demographic Characteristics

Three hundred and sixty hemodialysis patients visited the out-
patient department of our hospital and the final 80 patients 
were selected. After a 6-month intervention, 1 patient was 
transferred to another center and 1 patient declined to take 
part further in the IG group and 1 patient was transferred to 
another center in the CG group. After a 12-month interven-
tion, 1 was transferred to another center and 2 patients died 
in the IG group and 3 patients were transferred to another cen-
ter and 3 patients died in the CG group. Therefore, 35 patients 
in the IG group and 33 patients in the CG group finished the 
present study. The statistical differences for demographic vari-
ables were insignificant between the IG and CG groups, includ-
ing gender, age, duration of CHD disease, smoking, drinking, 
lipid profile, medical treatment, the cases of tunneled central 
venous catheter (TVC), arteriovenous fistula (AVF), anuric and 
albuminuria, and other biochemical indices between IG and 
CG groups (Table 1, P>0.05).

Dietary Supplementation Changed Nutritional Parameters

The statistical difference for the dietary intake was insignifi-
cant between the 2 groups at 0 month (Table 2, P>0.05). After 
a 6-month intervention, the contents of sugar, proteins, lip-
ids, calcium, phosphorus, and potassium in the IG group were 
higher than those in the CG group (Table 2, P<0.05). After a 
12-month intervention, the levels of sugars, proteins, lipids, 
calcium, phosphorus, and potassium in the IG group were high-
er than those in the CG group (Table 2, P<0.05). The results 
suggest that nutritional supplement changed nutritional sta-
tus in the IG group when compared to that in the CG group.
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Parameters IG, n=35 CG, n=33 P values

Age 	 48.9±10.7 	 47.45±11.3 0.681

Male/Female 20/15 20/13 0.772

Hemodialysis duration, years 	 3.52±2.06 	 3.37±2.52 0.321

Smoking, n (%) 	 7	(20.0) 	 8	(24.2) 0.673

Drinking, n (%) 	 6	(17.1) 	 5	(15.2) 0.824

TC (mg/dL) 	 169.6±23.5 	 161.9±25.4 0.531

HDL-C (mg/dL) 	 54.8±16.4 	 51.6±13.3 0.314

LDL-C (mg/dL) 	 94.5±22.1 	 89.5±22.6 0.273

TG (mg/dL) 	 114.8±26.7 	 110.2±23.9 0.164

CRP (µg/mL) 	 5.8±3.6 	 6.1±3.4 0.198

Adiponectin (µg/mL) 	 8.7±2.9 	 8.3±2.4 0.207

AST (IU/L) 	 24.8±6.7 	 23.2±5.9 0.185

ALT (IU/L) 	 18.9±4.3 	 19.4±5.5 0.298

Plasma creatinine (μM) 	 354.6±48.7 	 361.2±50.3 0.293

HbA1c (%) 	 5.8±0.5 	 5.7±0.6 0.592

Lipid-lowering agents, cases (%)

0.934

	 Statin 	 23	(65.7) 	 22	(66.7)

	 Fibrate 	 3	 (8.6) 	 2	 (6.1)

	 Nicotinic acid and derivatives 	 2	 (5.7) 	 1	 (3.0)

	 Anion exchange resin 	 2	 (5.7) 	 3	 (9.1)

	 Others 	 5	(14.3) 	 6	(18.2)

Antiplatelet agents, cases (%)

	 Cilostazol 	 2	 (5.7) 	 2	 (6.1)

0.819

	 Ticlopidine 	 2	 (5.7) 	 2	 (6.1)

	 Dipyridamole 	 3	 (8.6) 	 2	 (6.1)

	 Aspirin 	 24	(68.6) 	 25	(75.8)

	 Sarpogrelate 	 2	 (5.7) 	 1	 (3.0)

	 Clopidogrel 	 2	 (5.7) 	 1	 (3.0)

TVC, cases (%) 	 7	(20.0) 	 6	(18.2) 0.849

AVF, cases (%) 	 2	 (5.7) 	 3	 (9.1) 0.946

Anuric, cases (%) 	 9	(25.7) 	 11	(33.3) 0.491

Albuminuria, cases (%) 	 20	(57.1) 	 18	(54.5) 0.829

Serum protein (g/dL) 	 6.6±1.2 	 6.4±1.0 0.269

Serum albumin(g/dL) 	 2.9±0.6 	 2.8±0.7 0.351

Table 1. Clinical baseline characteristics between the 2 groups.

TVC – tunneled central venous catheter; AVF – arteriovenous fistula. Chi-square was used for analyzing the statistical difference 
of count data and t-student test was used for analyzing the statistical difference of measured data. The statistical difference was 
insignificant if P>0.05.
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Parameters
IG, n=35 CG, n=33 P values IG, n=35 CG, n=33 P values IG, n=35 CG, n=33 P values

0 month 6 months 12 months

Rice 103.7±32.4 106.3±36.5 0.354 105.4±33.6 108.9±37.3 0.464 103.8±33.3 108.3±36.6 0.112

Wheat 114.9±49.3 118.8±47.9 0.112 115.6±49.6 120.8±48.4 0.116 115.1±49.5 120.3±48.7 0.107

Other cereals 55.1±10.6 51.6±9.8 0.236 56.7±11.1 52.7±10.3 0.255 58.4±11.2 54.6±10.4 0.094

Starchy tubers 50.8±10.9 48.1±11.5 0.098 53.1±11.7 49.5±12.2 0.101 52.3±11.5 49.4±11.8 0.282

Pork 20.1±3.8 18.9±3.9 0.287 21.2±3.9 22±4.4 0.337 20.9±4.8 22.7±4.3 0.045*

Beef/lamb 6.4±2.5 6.8±2.2 0.174 6.5±2.6 7.1±2.3 0.273 6.5±2.6 6.9±2.3 0.186

Poultry 5.8±10.5 4.9±9.3 0.081 6.2±1.5 5.8±1.3 0.131 5.9±1.6 5.6±1.5 0.118

Aquatic product 5.0±1.3 5.4±1.6 0.123 5.1±1.5 5.8±1.6 0.132 5.4±1.3 5.9±1.6 0.139

Milk (mL) 38.5±4.4 42.6±4.6 0.086 39.3±4.5 42.8±4.6 0.285 38.7±4.5 41±4.7 0.261

Egg 30.1±4.8 32.7±4.5 0.275 31.6±4.9 33.9±4.6 0.322 31.2±4.9 33.3±4.5 0.216

Soybean 23.7±6.5 21.9±7.1 0.218 25.2±6.6 23.7±7.2 0.374 25.1±6.7 23.5±7.2 0.143

Vegetables 199.4±63.8 188.9±60.3 0.143 201.7±66.3 196.9±62.3 0.324 205.9±63.9 192.2±60.5 0.339

Cake 6.6±2.9 6.9±2.8 0.284 6.7±3 7.1±2.9 0.266 6.6±3.1 7.0±2.8 0.193

Fruit 59.2±12.8 54.7±13.2 0.095 60.2±13.2 55.7±13.4 0.177 59.5±12.8 56.6±13.3 0.204

Nuts 5.8±10.7 6.3±11.2 0.138 6.9±1.6 7.5±1.5 0.082 6.8±1.1 7.4±1.2 0.273

Juice (mL) 25.4±7.3 23.6±5.8 0.099 26.3±7.7 24.2±6.1 0.071 26.6±7.7 25.8±6.9 0.265

Other beverages 
(mL)

36.4±7.3 33.1±7.9 0.192 36.6±7.4 34.9±8.1 0.188 37.5±7.4 35.4±8.1 0.194

Vegetable oil (mL) 25.8±5.5 27.3±5.1 0.183 25.9±5.7 26.8±5.6 0.306 27.1±5.6 29.2±5.3 0.139

Animal fat 17.7±6.4 18.5±5.3 0.104 18.9±6.7 20.1±5.3 0.118 18.2±6.5 19.2±5.7 0.124

+ – + –

Carbohydrates 285.6±93.7 278.4±87.5 0.361 306.6±102.6 279.7±92.2 0.041* 307.2±102.8275.3±87.7 0.033*

Protein 124.9±23.6 128.3±21.9 0.417 148.3±27.9 132.1±24.2 0.019* 147.6±29.5 132.5±23.4 0.015*

Lipids 53.6±10.9 56.8±10.4 0.392 69.5±11.1 58±10.6 0.012* 68.7±17.4 58.6±10.5 0.009*

Phosphorus 1.4 ±0.7 1.5±0.6 0.536 1.8±0.8 1.6±0.6 0.006* 1.8±0.7 1.6±0.8 0.031*

Calcium 0.9±0.2 0.9±0.3 0.678 1.2±0.3 0.9±0.4 0.003* 1.2±0.3 1.0±0.4 0.004*

Sodium 3.3±1.2 3.5±1.1 0.135 3.8±1.2 3.6±1.1 0.124 3.6±1.3 3.4±1.1 0.161

Potassium 2.4±1.0 2.3±1.2 0.169 2.7±1.1 2.3±1.3 0.006* 2.8±1.1 2.3±1.3 0.002*

Table 2. Food consumption of the hemodialysis patients according to dietary patterns (mean±standard deviation, g/day).

The dietary supplementation consisted of 20 g carbohydrates, 10 g of proteins, 15 g of lipids, 0.3 g of calcium, 0.3 g of phosphorus, 
0.3 g of potassium, and 0.3 g of sodium. The supplementation was prepared according to previous reported with modification [22]. 
* P<0.05 vs the CG group.
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Parameters IG (n=33) CG (n=35) P values

WHOQOL-BREF

	 0 month

	 Physical 10.5±2.7 11.2±2.9 0.086

	 Psychological 11.1±2.2 10.4±2.6 0.069

	 Social 10.9±2.5 10.8±2.7 0.843

	 Environmental 11.7±3.1 10.9±2.5 0.457

	 Total scores 43.8±6.3 43.0±6.4 0.119

6 months

	 Physical 12.5±3.1 11.9±2.7 0.041

	 Psychological 11.9±2.9 10.3±3.2 0.006

	 Social 12.8±3.2 11.8±2.8 0.037

	 Environmental 12.3±2.8 12.4±3.3 0.564

	 Total scores 49.7±3.1 45.1±3.6 0.019

12 months

	 Physical 14.2±3.6 13.4±3.0 0.032

	 Psychological 15.3±3.3 13.5±3.2 0.016

	 Social 15.8±3.1 13.9±3.4 0.012

	 Environmental 14.7±3.8 13.8±3.5 0.038

	 Total scores 60.2±10.1 54.0±5.7 0.021

SF-36

	 0 month

	 Physical functioning 46.6±12.7 47.6±12.7 0.516

	 Role physical 45.9±12.3 44.8±11.8 0.223

	 Bodily pain 47.2±13 48.7±13.4 0.197

	 General health 46.5±12.9 45.3±12.9 0.206

	 Vitality 48.1±14.9 46.5±13.1 0.085

	 Social functioning 47.3±14.7 45.2±13.1 0.066

	 Role emotional 47.7±15.1 46.7±14.2 0.095

	 Mental health 46.3±14.6 45.5±13.5 0.114

	 Average score 45.8 ±11.8 46.7±12.3 0.582

6 months

	 Physical functioning 62.8±14.2 57.3±15.7 0.032

	 Role physical 60.4±12.3 56±14.1 0.041

	 Bodily pain 60.8±14.1 56.6±14.3 0.035

	 General health 60.3±13.3 56.4±14.1 0.031

	 Vitality 61.4±14.2 56.4±15.4 0.019

Table 3. Comparison of WHOQOL-BREF and SF-36 between the 2 groups.
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Dietary Supplementation Improved Quality of Life 
Parameters

The statistical difference for the WHOQOL-BREF score was in-
significant between the IG and CG groups at 0 months (Table 3, 
P>0.05). After a 6-month intervention, dietary supplementation 
increased the WHOQOL-BREF score in the IG group, which were 
higher than those in the CG group, including physical, psycho-
logical, and environment domains (Table 3, P<0.05). After a 
12-month intervention, the scores were further increased in 
the IG group and were still higher than those in the CG group 
(Table 3, P<0.05).

The statistical difference for the SF-36 score was insignificant 
between the 2 groups at 0 months (Table 3, P>0.05). After 6 
months of intervention, dietary supplementation had increased 
the SF-36 score in the IG group, which were higher than those 
in the CG group, including Physical role function, Body pain, 
General health, Vitality, and Emotional role (Table 3, P<0.05). 
After a 12-month intervention, the scores were further in-
creased in the IG group and were still higher than those in the 
CG group, including all the items (Table 3, P<0.05). The results 
suggest that nutritional supplementation improved the quali-
ty of life of the subjects in the IG group when compared with 
the CG group by affecting WHOQOL-BREF and SF-36 scores.

Nutritional Supplement Increased FPA Level Higher Than 
PA Level

The statistical difference for the PA level was insignificant at 0 
months (Figure 2A, P>0.05). After a 6-month intervention, PA 
levels in the IG group were higher than those in the CG group 
(Figure 2A, P<0.05). After a 12-month intervention, the PA lev-
els in the IG group were further increased and were higher 
than those in the CG group (Figure 2A, P<0.05). The different 
concentrations of human albumin and DDAMBB probes were 
mixed and reacted. As the concentration of human albumin 
increased, the fluorescent intensity was increased and showed 
the highest value at 662 nm (Figure 2B). Meanwhile, there was 
a perfect linear relationship between the concentrations of hu-
man albumin and fluorescent intensity (Figure 2C). The results 
suggested that the fluorescent probes performed well in de-
tecting human albumin. The statistical difference for FPA lev-
el was insignificant at the 0 months (Figure 2D, P>0.05). After 
a 6-month intervention, the FPA levels in the IG group were 
higher than those in the CG group (Figure 2D, P<0.01). After 
a 12-month intervention, the FPA levels in the IG group were 
further increased and were higher than those in the CG group 
(Figure 2D, P<0.001). Comparatively, the increase in FPA con-
centration was higher than that in PA concentration in the IG 
group after 6-month and 12-month interventions (Figure 2E, 
P<0.05). These results suggest that nutritional supplementa-
tion increased FPA levels more than PA levels in the hemodi-
alysis patients.

Table 3 continued. Comparison of WHOQOL-BREF and SF-36 between the 2 groups.

Parameters IG (n=33) CG (n=35) P values

	 Social functioning 59.6±13.3 55.8±13.6 0.012

	 Role emotional 60.3±15.3 56.6±14.5 0.022

	 Mental health 59.8±13.4 55.9±13.2 0.014

	 Average score 61.7±13.2 55.4±15.4 0.003

12 months

	 Physical functioning 73.7±15.5 64.3±18.1 0.006

	 Role physical 73.4±15.5 62.5±17 0.003

	 Bodily pain 74.2±15.9 63.1±17.8 0.002

	 General health 74.1±14.2 61.4±17.8 0.001

	 Vitality 74.7±14.3 62.5±18.9 0.002

	 Social functioning 73.6±13.4 61.9±18 0.001

	 Role emotional 73.7±13.7 62.8±19.7 0.002

	 Mental health 72.1±13.5 62.1±17.7 0.003

	 Average score 72.3±15.3 62.3±16.4 0.004
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Figure 2. �Plasma levels of albumin measured using ELISA (PA) and albumin measured using fluorescent probe (FPA) between the 2 
groups. (A) PA concentration (* P<0.05 vs the IG group). (B) The fluorescent profile of DDAMBB probes mixing with different 
concentrations of human albumin. As the concentration of human albumin increased, the PFA increased and showed the 
highest value at 662 nm. (C) The linear relationship between the concentrations of human albumin and fluorescent intensity. 
(D) FPA concentration (** P<0.01 and *** P<0.001 vs the IG group). (E) Changes in PA and PFA concentration (g/dl) from 0 to 
6 months and 12 months of intervention (* P<0.05 vs PA). The hemolysis patients were divided into either the Control Group 
(CG, n=35) or the Intervention Group (IG, n=33). The IG received nutritional supplementation, and the CG group received 
routine nutritional support. The statistical difference was insignificant for ns between the 2 groups. * P<0.05, ** P<0.01 and 
*** P<0.001 vs the IG group.
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Nutritional Supplement Improved 6MWT

The statistical difference for 6MWT values was insignificant at 
0 months (Figure 3, P>0.05). After a 6-month intervention, the 
6MWT values in the IG group were higher than those in the 
CG group (Figure 3, P<0.05). After a 12-month intervention, 

the values of 6MWT in the IG group increased and were higher 
than those in the CG group (Figure 3, P<0.01). The results sug-
gest that nutritional supplementation improves physical activi-
ty and increases the values of 6MWT in hemodialysis patients.

FPA Concentration Had a Stronger Negative Relationship 
with CRP Level

PA concentration had a strong relationship with CRP (Figure 4A). 
In contrast, the concentration of FPA had a stronger relation-
ship with CRP level since the value of rho was lower (Figure 4B). 
The results suggest that FPA concentration had a stronger neg-
ative relationship with the CRP level and may be a potential 
biomarker to predict the status of physical activity in hemo-
dialysis subjects.

The Level of FPA Had a Strong Relationship with the 
Parameters of Quality of Life

PA concentration had a weak relationship with WHOQOL-BREF 
values with low rho values (Figure 5A). In contrast, the con-
centration of FPA had a strong relationship with WHOQOL-
BREF values, since the rho values were over 0.5 (Figure 5B). 
Comparatively, the PA concentration had a weak relationship 
with SF-36 scores with low rho values (Figure 5C). In contrast, 
the concentration of FPA had a strong relationship with SF-36 
scores since the values of rho were over 0.5 (Figure 5D). These 
results suggest that the concentration of FPA had a strong re-
lationship with the parameters of quality of life and may be 
a potential biomarker to predict the quality of life in hemo-
dialysis subjects.
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Figure 3. �Six-minute walk test (6MWT) results in the 2 groups. 
The hemolysis patients were divided into either the 
Control Group (CG, n=35) or the Intervention Group (IG, 
n=33). The IG received nutritional supplementation, 
and the CG group received routine nutritional support. 
The statistical difference was insignificant for ns 
between the 2 groups. * P<0.05, and ** P<0.01 vs the 
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Figure 5. �Pearson correlation coefficient test of the relationship between the plasma levels of albumin measured using ELISA (PA) 
or albumin measured using fluorescent probe (FPA) and the World Health Organization Quality of Life: Brief Version 
(WHOQOL-BREF) or the Medical Outcomes Study 36-item Short-Form Health Survey (SF-36) scores. (A) The relationship 
between WHOQOL-BREF and PA concentration. (B) The relationship between WHOQOL-BREF and FPA concentration. (C) The 
relationship between SF-36 and PA concentration. (D) The relationship between SF-36 and FPA concentration. There is a 
strong relationship between the 2 variables if rho >0.5.

FPA Concentration Had a Strong Relationship with the 
6MWT Values

PA concentration had a weak relationship with 6MWT values 
with low rho values (Figure 6A). In contrast, the concentra-
tion of FPA had a strong relationship with 6MWT values since 
the values of rho were more than 0.5 (Figure 6B). These re-
sults suggest that FPA concentration had a strong relationship 
with the 6MWT values and may be a potential biomarker to 
predict the status of physical activity in hemodialysis subjects.

Discussion

The results showed that nutritional supplement improved the 
wellbeing and walking ability in patients undergoing hemodial-
ysis. Meanwhile, the nutritional supplementation increased the 

level of PA less than the level of FPA of the patients in the IG 
group. The levels of FPA had a significant association with the 
parameters of quality of life and 6MWT but not PA. Nutritional 
supplementation is an effective way to promote the wellbeing 
of hemodialysis patients. FPA may be a potential biomarker to 
predict the prognosis of hemodialysis patients.

Rates of nutritional deficiency in people receiving maintenance 
hemodialysis are still high [2]. Malnutrition can cause micro-
inflammatory reactions, leading to cardiovascular events, and 
seriously affects the survival time and quality of life of pa-
tients [25]. Healthy diets and nutritional status are very im-
portant for these patients, and maintaining a good nutritional 
status helps reduce the risk of kidney problems and second-
ary complications. Hemodialysis patients lose nutrients dur-
ing dialysis and nutritional status should be considered for the 
treatment plan, prognosis, and wellbeing of these patients. 
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Low-level albumin is an important cause of malnutrition [26]. 
To verify the stability, accuracy, and specificity of PA quanti-
tative detection to control nutrition deficiency in hemodialy-
sis patients, the present research was carried out. The results 
indicated showed that nutritional supplementation increased 
the level of PA. However, the Pearson correlation coefficient 
test showed that PA level had a weak relationship with the 
quality of life and physical activity, suggesting that plasma PA 
may not be sufficiently specific or sensitive in evaluating pa-
tient outcomes.

FPA, a form of glycated PA, has high detection sensitivity, lit-
tle environmental interference, and good biocompatibility, and 
its sensitivity and specificity were confirmed in patients un-
dergoing maintenance hemodialysis. The results of the pres-
ent study showed no statistically significant difference in al-
bumin level between the 2 groups of patients at 0 months 
after enrollment, indicating that the results of the 2 detection 
methods were consistent during this period. Compared with 
the albumin levels at 6 and 12 months after enrollment, the 
difference was statistically significant (Figure 2, P<0.05 and 
P<0.01), indicating that the FPA detection method was more 
sensitive and specific than the PA detection method. The dif-
ferences in physical activity were statistically significant, in-
dicating that the nursing staff provided timely early nutrition-
al care interventions, which effectively improved the patient’s 
wellbeing and quality of life.

CRP is an acute-phase reactant, while albumin is a negative 
acute-phase reactant. The level of albumin has a negative re-
lationship with the level of CRP. Comparatively, FPA has stron-
ger negative relationship with the levels of CRP when com-
pared with PA (Figure 4).

Serum glycated albumin (SGA) has been used to predict all-
cause mortality in dialysis patients [27,28]. Elevated levels of 
SGA were associated with death in patients with diabetes mel-
litus on hemodialysis [29]. High levels of SGA were also asso-
ciated with cardiovascular outcomes and death [30]. However, 
the effects of the nursing nutritional intervention have seldom 
been studied using FPA in patients on maintenance hemodial-
ysis. The results showed a potential predictor for the nursing 
results of the nutritional intervention in hemodialysis patients. 
Notably, the evaluated levels of FPA may be beneficial to the 
hemodialysis patients since the dietary supplementation in-
creased its level (Figure 2B), improved quality of life, and in-
creased the values of WHOQOL-BREF and SF-36 (Table 3, and 
Figure 3). These findings agree with earlier reports.

Some limitations should be considered in future work. It seems 
that all patients have a narrow duration of dialysis. The hemo-
dialysis durations (years) were 3.52±2.06 and 3.37±2.52 in the 
IG and CG groups, respectively, so the duration was 1.46-5.58 
and 0.85-5.89, respectively. These results may be caused by the 
small sample size in the present study. Furthermore, a few pa-
tients with longer duration of dialysis tended to refuse to par-
ticipate in our study. The function of PA and FPA were not ex-
plored in hemodialysis patients. The detail mechanisms for the 
functional roles of FPA are still unknown. Nursing nutritional 
intervention in hemodialysis patients is often complicated and 
costly. The dietary supplementation was not determined based 
on personal appetites (the nutritional supplementation was well 
accepted by all the patients) or malnutrition, which was only 
determined by the low level of GA. Although the proportion of 
patients with diabetic nephropathy is increasing in long-term 
dialysis patients, the relationship between the level of adipo-
nectin and the classification of diabetic nephropathy was not 

4.0

3.5

3.0

2.5

2.0

300 400 500
6MWT (meters)

rho=0.129
P=0.030

600 700 300 400 500
6MWT (meters)

600 700

Pla
sm

a a
lbu

m
in 

co
nc

en
tra

tio
n (

g/
dL

)

3.6

3.4

3.2

3.0

2.8

2.6

2.4

Pla
sm

a a
lbu

m
in 

co
nc

en
tra

tio
n (

g/
dL

)

rho=0.629
P<0.001

A B

Figure 6. �Pearson correlation coefficient test of the relationship between plasma levels of albumin measured using ELISA (PA) or 
albumin measured using fluorescent probe (FPA) and 6-minute walk test (6MWT). (A) The relationship between 6MWT and 
PA concentration. (B) The relationship between 6MWT and FPA concentration. There is a strong relationship between the 2 
variables if rho >0.5.

e930257-12
Indexed in:  [Current Contents/Clinical Medicine]  [SCI Expanded]  [ISI Alerting System]   
[ISI Journals Master List]  [Index Medicus/MEDLINE]  [EMBASE/Excerpta Medica]   
[Chemical Abstracts/CAS]

You L. et al: 
Substrate-inspired fluorescence-based albumin detection

© Med Sci Monit, 2021; 27: e930257
CLINICAL RESEARCH

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



explored because of the small size of the sample population in 
this study. Further in-depth research is needed to address these 
important issues in a larger dialysis population in future work.

Conclusions

This study verified the sensitivity and specificity of FPA for nurs-
ing nutritional intervention in hemodialysis patients. Based on 
clinical care, using FPA to assess the nutritional status of he-
modialysis patients will be helpful to improve the quality of 
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