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♦  Objective:  To explore the effect of glycated hemoglobin 
(HbA1c) and albumin-corrected glycated serum proteins 
(Alb-GSP) on the mortality of diabetic patients receiving 
continuous peritoneal dialysis (PD).
♦  Methods:  In this single-center retrospective cohort 
study, incident diabetic PD patients from January 1, 2006, 
to December 31, 2010, were recruited, and followed up until 
December 31, 2011. The effect of HbA1c and Alb-GSP on 
mortality was evaluated by Cox proportional hazards models.
♦  Results:  A total of 200 patients (60% male, mean age 
60.3 ± 10.6 years) with a mean follow-up of 29.0 months 
(range: 4.3 – 71.5 months) were recruited. Sixty-four 
patients died during the follow-up period, of whom 21 died 
of cardiovascular disease (CVD). Mean values for HbA1c, 
GSP and Alb-GSP were 6.7% (range: 4.1 – 12.5%), 202 
μmol/L (range: 69 – 459 μmol/L), and 5.78 μmol/g (range: 
2.16 – 14.98 μmol/g), respectively. The concentrations of 
GSP and Alb-GSP were closely correlated with HbA1c (r = 
0.41, p < 0.001 and r = 0.45, p < 0.001, respectively). In 
multivariate Cox proportional hazards models, patients with 
HbA1c ≥ 8% were associated with increased risk of all-cause 
mortality (hazard ratio [HR] = 2.29, 95% confidence interval 
[CI]: 1.06 – 4.96, p = 0.04), but no increased mortality in 
patients with 6.0% ≤ HbA1c ≤ 7.9%. Patients with Alb-GSP 
≤ 4.50 μmol/g had increased all-cause and non-cardiovas-
cular mortality (HR = 2.42, 95% CI: 1.13 – 5.19, p = 0.02; 
and HR = 2.98, 95% CI: 1.05 – 8.48, p = 0.04 respectively).
♦  Conclusions:  Increased HbA1c and decreased Alb-GSP 
may be associated with poorer survival in diabetic PD 
patients, with a non-significant trend observed for poorer 
survival with the highest level of Alb-GSP. 
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The prevalence of diabetes is increasing worldwide. It 
was reported that the overall prevalence of diabetes 

was 11.6% and the prevalence of pre-diabetes was 50.1% 

in China (1). Diabetes is the leading cause of end-stage 
renal disease (ESRD) in the United States (2), and the 
second cause of ESRD in China (3). Dialysis patients with 
diabetes are at high risk of mortality compared with 
non-diabetic patients (4–7). High glucose concentra-
tion peritoneal dialysis (PD) solutions may exacerbate 
metabolic abnormalities and increase mortality in dia-
betic patients treated with PD (8–10). Glycemic control, 
based on monitoring hyperglycemia, is fundamental for 
managing diabetes. Many studies have shown that inten-
sive glycemic control can prevent or delay progression 
of the micro-vascular and macro-vascular complications 
of diabetes and reduce cardiovascular disease (CVD) 
morbidity and mortality in diabetic patients (11–13). 
However, the association between glycemic control and 
survival in diabetic patients receiving hemodialysis is 
still under debate (14–17). In patients on hemodialysis, 
some (14–16), but not all observational studies (17,18), 
found that glycated hemoglobin (HbA1c) levels of < 7% 
or 9% were associated with better patient survival. The 
limited previous results in peritoneal dialysis settings 
also are inconsistent (19–21). 

Glycated hemoglobin is currently the preferred stan-
dard for detecting mean glycemic measurements over a 
2 – 3 month period based on the average red blood cell 
lifespan (22). However, anemia, usage of erythropoietin, 
and shortened red blood cell lifespan are very common 
in dialysis patients and in these situations, inaccuracy 
of the HbA1c measurement must be considered in the 
assessment of glycemic control (23). Thus, HbA1c may 
not be an ideal measurement of glycemic control in 
ESRD patients. Other markers such as glycated albumin 
(GA) that reflect glycemic control over a shorter period 
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may be of greater value for predicting clinical outcomes 
in hemodialysis patients (14,23–25). Glycated serum 
proteins (GSP) are formed by the glycation of serum 
proteins, most of which is albumin, and are not affected 
by shortened red blood cell lifespan, anemia, and usage 
of erythropoietin (22). The concentrations of GA and GSP 
were closely correlated with each other, as well as with 
the level of HbA1c (22,26). Thus, GSP provide an index 
of glycemic status over the preceding 1 – 2 weeks based 
on the half-life of serum albumin, and may be helpful 
for assessment of glycemic control in situations where 
HbA1c may not be appropriate (22,26). However, little 
information is available regarding the association of GSP 
levels and mortality in PD patients with diabetes. In this 
study, we investigated the effect of HbA1c and GSP on all-
cause and cardiovascular mortality in diabetic patients 
receiving PD therapy. 

METHODS

STUDY SETTING AND PATIENTS

This was a retrospective observational cohort study. 
Patients were recruited from the PD center at The 
First Affiliated Hospital, Sun Yat-sen University, from 
January 1, 2006, to December 31, 2010. The inclusion 
criteria were: patients received stable PD therapy at least 
3 months, were between 18 and 80 years old, HbA1c and 
GSP data were available, and had no malignant diseases. 
All patients were followed up until December 31, 2011. 
The historical medical files of the patients who reported 
current use of insulin or oral hypoglycemic agents and/or 
who had a clinical diagnosis of type 1 or type 2 diabetes 
mellitus before starting PD were evaluated and those 
meeting the diagnostic criteria of the American Diabetes 
Association were considered to have diabetes mellitus 
(27). The diagnosis of diabetic nephropathy as the pri-
mary renal disease of the patients was mainly based on 
clinical experience. The study protocol was approved by 
the Ethics Committee of The First Affiliated Hospital, 
Sun Yat-sen University. All participants provided written 
informed consent before enrollment. 

DATA COLLECTION AND LABORATORY MEASUREMENTS

Baseline demographic data and clinical information, 
including age, gender, blood pressure, and history of 
CVD were collected at the initiation of PD. Body mass 
index was calculated as weight (kg) divided by height 
(m) squared. A history of CVD was defined as angina 
pectoris, myocardial infarction, angioplasty, coronary 
artery bypass, heart failure, and stroke. Hypertension 

was recorded if the patient was taking antihypertensive 
drugs or had 2 separate blood pressure measurements 
≥ 140/90 mmHg.

Biochemical parameters were collected 3 months after 
PD was initiated. All parameters were measured in the 
center laboratory of The First Affiliated Hospital of Sun 
Yat-sen University. Glycated hemoglobin was measured by 
the high-performance liquid chromatography [VARIANT 
II hemoglobin A1c Program, Bio-Rad, USA, reference: 
4.4 – 6.4%). Glycated serum proteins were measured 
with a specific enzymatic method (Genzyme, UK, catalog 
number 950-0608-00, reference: 122 – 236 μmol/L). The 
method of correction of GSP by albumin was described 
as follows: albumin-corrected glycated serum proteins 
(Alb-GSP) = GSP (μmol/L)/serum albumin (g/L) (28). 

RESULTS

CLINICAL OUTCOMES

The primary outcome of this study was all-cause, car-
diovascular mortality, and non-cardiovascular mortality. 
Cardiovascular mortality was defined as death due to 
acute myocardial infarction, atherosclerotic heart dis-
ease, cardiomyopathy, cardiac arrhythmia, cardiac arrest, 
congestive heart failure, intracranial hemorrhage, 
cerebral infarction, and peripheral vascular disease. If 
the patients died in any hospital, death certificates were 
referred to for the exact cause of death, and if the death 
occurred outside any hospital, experts would obtain a 
consensus about the cause of death after a comprehen-
sive consideration of the history, recent situations, signs, 
and symptoms before and after death from the patient’s 
medical records in our center and descriptions provided 
by family members. In this study, 44 of 64 (69%) patients 
died in hospital.

STATISTICAL ANALYSIS

Data were presented as mean ± standard deviations or 
median (inter-quartile range) for continuous variables 
and number (percentages) for categorical variables. 
Patients were divided into 4 categories based on HbA1c 
concentration with 1% increase: ≤ 5.9%, 6.0 – 6.9%, 
7.0 – 7.9%, and ≥ 8%. Also, participants were stratified 
into quartiles of GSP and Alb-GSP levels. Characteristic 
dif ferences between the HbA1c, GSP, and Alb-GSP 
groups were tested using Chi-square test for categorical 
variables, One-Way ANOVA for approximately normally 
distributed continuous variables, and Kruskal-Wallis 
test for skewed continuous variables. Correlations were 
reported as the Pearson correlation coefficient. Cox 

This single copy is for your personal, non-commercial use only. 
For permission to reprint multiple copies or to order presentation-ready 

copies for distribution, contact Multimed Inc. at marketing@multi-med.com



568

PENG et al.	 SEPTEMBER  2015 - VOL. 35, NO. 5	 PDI

proportional hazard models were performed to estimate 
association between HbA1c, GSP and Alb-GSP categories 
and all-cause, cardiovascular and non-cardiovascular 
mortality. Besides HbA1c, GSP, and Alb-GSP, covariates 
with p values < 0.05 in the univariate analysis were used 
for multivariable Cox proportional models. Multivariable 
models are presented as case mix results (age, gen-
der, pre-existing CVD, hypertension) and case mix + 
laboratory-adjustment (hemoglobin, albumin, hyper-
sensitive C-reactive protein [hsCRP]). These statistical 
analyses were performed with SPSS version 13.0 (SPSS, 
Chicago, IL, USA). Statistical significance was defined  
as p < 0.05.

CLINICAL CHARACTERISTICS AND PATIENT SURVIVAL

Two hundred patients were recruited in this study 
(Figure 1). One hundred and ninety-seven (99%) patients 
had ESRD due to diabetic nephropathy. There were no 
statistically significant differences in demographic, clini-
cal, and laboratory characteristics between patients with 
or without HbA1c or GSP data (Supplemental Table 1). 

The baseline characteristics of the patients are shown 
in Table 1. The mean age was 60.3 years (range: 30 – 79 
years), 119 (60%) patients were male, and the mean 
follow-up duration was 29.0 ± 14.6 months (range: 
4.4 – 71.5 months). The baseline HbA1c, GSP and Alb-GSP 
distribution of patients are given in Figure 2 (A – HbA1c, 

B – GSP, and C – Alb-GSP). Mean values for HbA1c, GSP and 
Alb-GSP were 6.7%, (range: 4.1 – 12.5%), 202 μmol/L 
(range: 69 – 460 μmol/L), and 5.78 μmol/g (range: 
2.16 – 14.98 μmol/g), respectively. Characteristics of 
individuals in strata of HbA1c, GSP, and Alb-GSP are 
shown in Supplemental Tables 2, 3, and 4. There were 
no statistically significant differences in demographic, 
clinical, and laboratory characteristics among HbA1c or 
GSP, or Alb-GSP categories of patients, except that the 
patients with HbA1c ≥ 8% had a lower rate of hyperten-
sion and lower GSP levels were associated with lower 
serum albumin.

During the follow-up period, 64 (32%) patients died, 
13 (7%) transferred to hemodialysis, 4 (2%) received kid-
ney transplantation, and 2 (1%) were lost to follow-up. 

Figure 1 — Study flow, including patient enrollment, out-
comes and causes of death. PD = peritoneal dialysis; HbA1c = 
glycated hemoglobin; GSP = glycated serum proteins; CVD = 
cardiovascular disease.

TABLE 1  
Baseline Characteristics of All Patients

		  Total 
		  Variable	 n = 200

Age (years)a	 60.3±10.6
Male, n (%)	 119 (60%)
Follow-up duration (months)a	 29.0±14.6
BMI (kg/m2)a	 22.5±2.8
CVD, n (%)	 81 (41%)
Hypertension, n (%)	 153 (77%)
Glycemic control therapy	
	 Usage of insulin 	 181 (90%)
	 Oral glucose control agents	 3 (2%)
	 Combined	 16 (8%)
Usage of EPO, n (%)	 191 (96%)
Hemoglobin (g/L)a	 101.0±13.7
Glucose (mmol/L)a	 7.43±2.35
GSP(μmol/L)a	 202±69
Alb-GSP (μmol/g)a	 5.78±1.94
HbA1c (%)a	 6.7±1.3
Albumin (g/L)a	 34.9±3.5
Phosphorus (mmol/L)a	 1.59±0.71 
HsCRPb (mg/L)	 5.34 (2.24–9.96)
Total triglycerides (mmol/L)a	 2.16±1.41
Total cholesterol (mmol/L)a	 5.44±2.49
Total Kt/va	 2.46±0.62

Conversion factors for units: glucose in mmol/L to mg/dL, 
×18.149; phosphorus in mmol/L to mg/dL, ×3.097; triglycer-
ides in mmol/L to mg/dL, ×88.496; total cholesterol in mmol/L 
to mg/dL, ×3.861.
BMI = body mass index; CVD = cardiovascular disease; EPO = 
erythropoietin; GSP = glycated serum proteins; Alb-GSP = 
albumin corrected glycated serum proteins; HbA1c = glycated 
hemoglobin; HsCRP = hypersensitive C-reactive protein. 
a	Data expressed as mean ± SD.
b	Median (interquartile range).
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relationships were observed between the value of GSP, 
Alb-GSP, and HbA1c values (r = 0.41, p < 0.001 and r = 
0.45, p < 0.001, respectively, as shown in Figure 3B, C).

PATIENT SURVIVAL AND HBA1C, GSP, ALB-GSP LEVELS 

The causes of death are shown in Figure 1. Overall, 
CVD (21, 33%) and infection (14, 22%) were the most 
common causes of death. 

Hazard ratios of possible predictive variables for sur-
vival for all of the participating patients with diabetes 
were explored by univariate Cox proportional hazards 
analysis (Table 2). Age, hemoglobin, hsCRP, albumin, 
and previous CVD were significant predictive variables 
for patient survival by univariate analysis. 

Unadjusted and adjusted HRs of all-cause, CVD, and 
non-cardiovascular mortality among categories of 
baseline HbA1c are listed in Table 3. In the unadjusted 
model, all-cause, CVD and non-cardiovascular mortal-
ity were similar among varied levels of baseline HbA1c 
with no significant difference. After adjustment for age, 
gender, CVD, and hypertension history in the case-mix 
model, there was also no statistical significance among 
all-cause, CVD, and non-cardiovascular mortality of 
different levels of HbA1c. Additionally, adjustment 
for hemoglobin, albumin, and log-transformed hsCRP, 
HRs of all-cause and non-cardiovascular mortality for 
HbA1c ≥ 8%, were 2.29 (95% confidence interval [CI]: 
1.06 – 4.96, p = 0.04), and 3.39 (95% CI: 1.30 – 8.83, 
p = 0.01), compared with HbA1c ≤ 5.9%. No significant 
difference in cardiovascular death risk was found among 
HbA1c categories.

Unadjusted and adjusted HRs of all-cause, CVD, and 
non-cardiovascular mortality among categories of 

The cumulative survival rates for all patients at 1, 3, and 
5 years were 95%, 71%, and 39%, respectively. 

THE RELATIONSHIP BETWEEN GSP, ALB-GSP AND HBA1C

There was a close correlation between GSP and albu-
min (r = 0.31, p < 0.001, as shown in Figure 3A). Close 

Figure 2 — Frequency distribution of HbA1c, GSP and Alb-GSP values in diabetic patients receiving peritoneal dialysis. (A) Frequency 
distribution of glycated hemoglobin. (B) Frequency distribution of glycated serum proteins. (C) Frequency distribution of albumin 
corrected glycated serum proteins. HbA1c = glycated hemoglobin; GSP = glycated serum proteins; Alb-GSP = albumin-corrected GSP.

TABLE 2  
Predicator of Survival with Univariate Cox  

Proportional Model

	 Variable	  HR	 95% CI	 P value

Female	 1.33	 0.81–2.18	 0.26
Age (per 1 year increasing)	 1.05	 1.02–1.08	 0.001
Hypertension (yes/no)	 1.52 	 0.82–2.79	 0.18
CVD (yes/no)	 1.90	 1.16–3.12	 0.01
BMI (per 1 kg/m2 increasing)	 1.15	 0.78–1.72	 0.47
Hemoglobin (per 1 g/L  
  increasing)	

0.96 	 0.94–0.97	 <0.001

HsCRP(per 1 increment of  
  log hs-CRP)	

1.76	 1.13–2.75	 0.01

Phosphorus (per 1 mmol/L  
  increasing)	

1.13	 0.85–1.50	 0.46

Albumin (per 1 g/L  
  increasing)	

0.90	 0.83–0.96	 0.001

Total cholesterol (per  
  1 mmol/L increasing)	

1.02	 0.96–1.09	 0.55

Total triglycerides (per  
  1 mmol/L increasing)	

1.12	 0.95–1.31	 0.18

Total Kt/v (per 1 increasing)	 0.99	 0.64–1.54	 0.97

HR = hazard ratio; CI = confidence interval; CVD = cardiovas-
cular disease; BMI = body mass index; HsCRP = hypersensitive 
C-reactive protein.
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TABLE 3  
Hazard Ratios of All-Cause, Cardiovascular and Non-Cardiovascular Mortality Stratified by HbA1c Categories

	 All-cause		  Cardiovascular		  Non-Cardiovascular
	Model and HbA1c level	 mortality		  mortality		  mortality
	 (%)	 HR (95% CI)	 P value	 HR (95% CI)	 P value	 HR (95% CI)	 P value	

Unadjusted							     
	 HbA1c≤5.9	 1.00 (reference)	 	 1.00 (reference)	 	 1.00 (reference)
	 6.0≤HbA1c≤6.9	 1.31 (0.68–0.54)	 0.42	 1.10 (0.37–3.29)	 0.86	 1.45 (0.63–3.33)	 0.38	
	 7.0≤HbA1c≤7.9	 0.98 (0.47–2.06)	 0.96	 0.97 (0.30–3.19)	 0.96	 0.99 (0.38–2.68)	 0.98	
	 HbA1c≥8	 1.61 (0.77–3.34)	 0.20	 0.87 (0.22–3.50)	 0.85	 2.09 (0.86–5.08)	 0.10	
Case-mix							     
	 HbA1c≤5.9	 1.00 (reference)	 	 1.00 (reference)	 	 1.00 (reference)	 	
	 6.0≤HbA1c≤6.9	 1.48 (0.76–2.89)	 0.25	 1.20 (0.40–3.63)	 0.75	 1.68 (0.72–3.93)	 0.22	
	 7.0≤HbA1c≤7.9	 0.85 (0.40–1.78)	 0.67	 0.84 (0.25–2.80)	 0.78	 0.86 (0.33–2.26)	 0.77	
	 HbA1c≥8	 1.51 (0.71–3.20)	 0.28	 0.85 (0.21–3.49)	 0.82	 1.95 (0.79–4.84)	 0.15	
Case-mix+lab							     
	 HbA1c≤5.9	 1.00 (reference)	 	 1.00 (reference)	 	 1.00 (reference)	 	
	 6.0≤HbA1c≤6.9	 1.71 (0.85–3.47)	 0.14	 1.32 (0.41–4.23)	 0.64	 2.12 (0.85–5.28)	 0.11	
	 7.0≤HbA1c≤7.9	 1.12 (0.52–2.44)	 0.77	 1.00 (0.30–3.42)	 0.99	 1.30 (0.47–3.56)	 0.62	
	 HbA1c≥8	 2.29(1.06–4.96) 	 0.04	 1.07 (0.25–4.56)	 0.92	 3.39 (1.30–8.83)	 0.01	

Case-mix adjusted model is adjusted for age, gender, pre-existing CVD and hypertension. Case-mix+lab adjusted model which 
included all of the covariates in the case-mix model as well as 3 surrogates of nutritional status including hemoglobin, albumin, 
log-transformed high sensitive C-reactive protein. 
HbA1c = glycated hemoglobin; HR = hazard ratio; CI = confidence interval; CVD = cardiovascular disease.

TABLE 4  
Hazard Ratios of All-Cause, Cardiovascular and Non-Cardiovascular Mortality Stratified by GSP Categories

		  All-cause		  Cardiovascular		  Non-Cardiovascular
Model and GSP level	 mortality		  mortality		  mortality
	 (μmol/L)	 HR (95% CI)	 P value	 HR (95% CI)	 P value	 HR (95% CI)	 P value	

Unadjusted							     
	 GSP≤145	 2.90 (1.43–5.86)	 0.01	 2.92 (0.95–9.01)	 0.06	 2.82 (1.15–6.93)	 0.02	
	 146≤GSP ≤190	 1.00 (reference)	 	 1.00 (reference)	 	 1.00 (reference)	 	
	 191≤GSP ≤235	 1.05 (0.49–2.24)	 0.90	 0.44 (0.09– 2.25)	 0.32	 1.40 (0.58–3.41)	 0.45	
	 GSP≥236	 1.31 (0.65–2.65)	 0.45	 1.13 (0.35–3.71)	 0.84	 1.41 (0.58–3.37)	 0.44	
Case-mix							     
	 GSP≤145	 3.42 (1.62–7.19)	 0.001	 3.21 (1.00–10.32)	 0.05	 3.44 (1.32–8.97)	 0.01	
	 146≤GSP ≤190	 1.00 (reference)	 	 1.00 (reference)	 	 1.00 (reference)	 	
	 191≤GSP ≤235	 0.98 (0.46–2.09)	 0.95	 0.40 (0.08–2.07)	 0.27	 1.30 (0.54–3.16)	 0.56	
	 GSP≥236	 1.18 (0.58–2.41)	 0.65	 1.02 (0.31–3.39)	 0.98	 1.27 (0.52–3.08)	 0.60	
Case-mix+lab							     
	 GSP≤145	 3.06 (1.44–6.54)	 0.004	 2.84 (0.86–9.37)	 0.09	 3.19 (1.20–8.53)	 0.02	
	 146≤GSP ≤190	 1.00 (reference)	 	 1.00 (reference)	 	 1.00 (reference)	 	
	 191≤GSP ≤235	 1.36 (0.62–2.98)	 0.44	 0.49 (0.09–2.59)	 0.40	 1.98 (0.78–5.00)	 0.15	
	 GSP ≥236	 1.34 (0.65–2.75)	 0.44	 1.11 (0.33–3.74 )	 0.86	 1.48 (0.61–3.61)	 0.39	

Case-mix adjusted model is adjusted for age, gender, pre-existing CVD and hypertension. Case-mix+lab adjusted model included 
all of the covariates in the case-mix model as well as 3 surrogates of nutritional status including hemoglobin, albumin, log-
transformed high sensitive C-reactive protein. 
GSP = glycated serum proteins; HR = hazard ratio; CI = confidence interval; CVD = cardiovascular disease.
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baseline GSP are listed in Table 4. Adjustment for age, 
gender, CVD and hypertension history, hemoglobin, 
albumin, and log-transformed hsCRP in case-mix+lab 
model, HRs of all-cause and non-cardiovascular mortality 
for GSP ≤ 145 μmol/L were 3.06 (95% CI: 1.44 – 6.54, 
p = 0.004), and 3.19 (95% CI: 1.20 – 8.53, p = 0.02), 
compared with 146 ≤ GSP ≤ 190 μmol/L. 

Unadjusted and adjusted HRs of all-cause, CVD, and 
non-cardiovascular mortality among categories of 
baseline Alb-GSP are listed in Table 5. In the unadjusted 
model, all-cause mortality increased in patients with 
lower (Alb-GSP ≤ 4.50 μmol/g) and higher (Alb-GSP 
≥ 5.51 to ≤ 6.50 μmol/g) levels of baseline Alb-GSP, 
compared with the middle category of Alb-GSP ≥ 4.51 
to ≤ 5.50 μmol/g (HR = 2.78, 95% CI: 1.31 – 5.90, p = 
0.008, HR = 2.45, 95% CI: 1.12 – 5.35, p = 0.03, respec-
tively). The non-cardiovascular mortality also increased 
in patients with lower (Alb-GSP ≤ 4.50 μmol/g) and 
higher (Alb-GSP ≥ 5.51 to ≤ 6.50 μmol/g) levels of 
baseline Alb-GSP, compared with the middle category of  
Alb-GSP ≥ 4.51 to ≤ 5.50 μmol/g (HR = 3.44, 95%  
CI: 1.23 – 9.65, p = 0.02, and HR = 4.23, 95% CI: 1.57 – 
11.90, p = 0.005, respectively). After adjustment for age, 
gender, CVD, and hypertension history in the case-mix 
model, the difference of all-cause and non-cardiovascu-
lar mortality among these 3 groups remained significant. 
Additionally adjustment for hemoglobin, log-transformed 
hsCRP, HRs of all-cause and non-cardiovascular mortal-
ity for the lower group (Alb-GSP ≤ 4.50 μmol/g) were 
2.42, (95% CI: 1.13 – 5.19, p = 0.02), and 2.98 (95% CI: 
1.05 – 8.48, p = 0.04) compared with the middle category 
of Alb-GSP ≥ 4.51 to ≤ 5.50 μmol/g. However, the risk of 
all-cause mortality and non-cardiovascular mortality in 
the higher category (Alb-GSP ≥ 5.51 to ≤ 6.50 μmol/g) 
showed no apparent increase compared with the middle 
category of Alb-GSP ≥ 4.51 to ≤ 5.50 μmol/g (HR = 2.21, 

95% CI: 0.98 – 4.87, p = 0.06 and HR=3.17, 95% CI: 0.99 – 
9.13, p = 0.06, respectively). No significant difference 
in cardiovascular death risk were found among Alb-GSP 
categories in unadjusted and adjusted models.

DISCUSSION

In this single-center retrospective observational study, 
we found that HbA1c ≥ 8% or GSP ≤ 145 μmol/L or Alb-GSP 
≤ 4.50 μmol/g was closely related to increased risk of all-
cause and non-cardiovascular mortality, after adjustment 
for confounding factors. These results suggested that risk 
of death increased in PD patients with severe hyperglyce-
mia (HbA1c ≥ 8%) but no increased mortality in patients 
with moderate hyperglycemia (7.0% ≤ HbA1c ≤ 7.9%). 
Moreover, Alb-GSP ≤ 4.50 μmol/g was significantly asso-
ciated with increased risk of all-cause mortality. However, 
no significant difference in cardiovascular mortality was 
found in patients with different levels of glycemic control 
assessed by HbA1c, GSP and Alb-GSP.

The relationship between glycemic control at baseline 
and during follow-up and survival in the ESRD population 
remains debatable. Some studies were unable to detect 
any association between glycemic control measured by 
HbA1c and survival (11,17,24,29,30). However, several 
other studies showed conflicting results that both poor 
and intensive glycemic control were associated with 
increased mortality (13,15,18). Conflicting results may be 
attributed to differences in the race of the study popula-
tions, definitions of HbA1c thresholds, and adjustment 
for confounders. Recently, a meta-analysis including 
10 studies showed increased mortality in hemodialysis 
patients with diabetes who had an HbA1c ≥ 8.5% or 
≤ 5.4% (31). The conventional glucose-based solutions 
with high concentrations of glucose have a well-estab-
lished role in PD therapy (32). However, the literature 

Figure 3 — Correlation of albumin and glycated hemoglobin with GSP. Relationship between albumin and (A) GSP (correlation 
coefficient r = 0.31, p < 0.001). Relationship between glycated hemoglobin and (B) GSP (correlation coefficient r = 0.41, p < 0.001) 
and (C) Alb-GSP (correlation coefficient r = 0.45, p < 0.001). GSP = glycated serum proteins; Alb-GSP = albumin-corrected GSP.
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is limited to report the relationship between glycemic 
control and patient survival in diabetic PD patients. 
Duong et al. studied 2,798 diabetic PD patients and 
reported increased all-cause mortality in the patients 
who had time-averaged HbA1c ≥ 8% and non-significant 
difference in cardiovascular death risk across HbA1c 
increments (20). Similarly, Yoo et al. showed increased 
all-cause and non-cardiovascular mortality in 140 dia
betic PD patients who had a mean value of quarterly 
HbA1c ≥ 7.6% (19). In our study, baseline HbA1c ≥ 8% 
was associated with increased all-cause mortality. The 
findings reported herein are consistent with these 2 
previous findings. However, a retrospective study of 
91 diabetic PD patients was unable to demonstrate any 
associations between baseline or time-averaged HbA1c 
and patient or PD technique survival (21). This incon-
sistent result may be due to the relatively small sample 
size, simple definition of HbA1c groups (< 6.5% and 
≥ 6.5%), and no adjustment for laboratory index con-
founders. Besides, glycemic control was not associated 
with cardiovascular mortality, the most common cause of 
death in ESRD patients undergoing dialysis. Consistent 
with these results, most previous studies had failed to 
demonstrate that good glycemic control improves car-
diovascular survival in patients with a long duration of 
diabetes (33–35). Most diabetic ESRD patients already 

have advanced micro-vascular and macro-vascular 
complications, which may have weakened the effects of 
glycemic control after initiation of dialysis on cardiovas-
cular mortality. However, glycemic control was closely 
related to non-cardiovascular death in our study and 
infection accounted for 33% of the non-cardiovascular 
death, which is similar to the results reported by Yoo et al. 
(19). Yet, due to the limited cases of infection-related 
death in each HbA1c, GSP, and Alb-GSP group, a further 
relationship between infection-related death and HbA1c, 
GSP, and Alb-GSP levels was not determined.

Another alternative glycemic index, GSP, was also 
measured in our study and showed that GSP correlated 
well with HbA1c. As GSP levels were directly affected by 
serum albumin concentration, GSP values were corrected 
for serum albumin. Albumin-corrected glycated serum 
proteins also correlated well with HbA1c. Moreover, it 
was found that Alb-GSP ≤ 4.50 μmol/g was significantly 
associated with increased risk of all-cause and non-
cardiovascular mortality. In addition, lower Alb-GSP 
concentrations were not associated with poorer nutri-
tion, since there was no significant difference in serum 
albumin levels among Alb-GSP categories (34.0 ± 3.6g/L, 
35.1 ± 3.5g/L, 35.4 ± 3.6g/L, and 35.1 ± 3.2g/L in each 
category respectively, p = 0.21) and other nutrition 
indexes, such as phosphorus and total triglycerides and 

TABLE 5  
Hazard Ratios of All-Cause, Cardiovascular and Non-Cardiovascular Mortality Stratified by Alb-GSP Categories

		  All-cause		  Cardiovascular		  Non-Cardiovascular
	 Model and Alb-GSP	 mortality		  mortality		  mortality
	 level (μmol/g)	 HR (95% CI)	 P value	 HR (95% CI)	 P value	 HR (95% CI)	 P value	

Unadjusted							     
	 Alb-GSP ≤4.50	 2.78 (1.31–5.90)	 0.008	 2.12 (0.69–6.48)	 0.19	 3.44 (1.23–9.65)	 0.02	
	 4.51 ≤Alb-GSP ≤5.50	 1.00 (reference)	 	 1.00 (reference)	 	 1.00 (reference)	 	
	 5.51≤Alb-GSP ≤6.50	 2.45 (1.12–5.35)	 0.03	 0.58 (0.11–2.98)	 0.51	 4.23 (1.57–11.90)	 0.005	
	 Alb-GSP≥6.51	 1.71 (0.77–3.76)	 0.19	 1.26 (0.38–4.12)	 0.71	 2.16 (0.74–6.31)	 0.16	
Case-mix							     
	 Alb-GSP≤4.50	 2.67 (1.25–5.71)	 0.01	 2.05 (0.69–6.30)	 0.21	 3.37 (1.19–9.58)	 0.02	
	 4.51≤Alb-GSP ≤5.50	 1.00 (reference)	 	 1.00 (reference)	 	 1.00 (reference)	 	
	 5.51≤Alb-GSP ≤ 6.50	 2.34 (1.06–5.15)	 0.04	 0.55 (0.11–2.80)	 0.47	 4.20 (1.51–11.73)	 0.006	
	 Alb-GSP ≥6.51	 1.48 (0.67–3.31)	 0.33	 1.11(0.33–3.69)	 0.87	 1.89 (0.64–5.62)	 0.25	
Case-mix+lab							     
	 Alb-GSP≤4.50	 2.42 (1.13–5.19)	 0.02	 1.84 (0.59–5.72)	 0.29 	 2.98(1.05–8.48)	 0.04	
	 4.51≤Alb-GSP ≤5.50	 1.00 (reference)	 	 1.00 (reference)	 	 1.00 (reference)	 	
	 5.51≤Alb-GSP ≤ 6.50	 2.21 (0.98–4.87)	 0.06	 1.24 (0.35–4.36)	 0.74	 3.17 (0.99–9.13)	 0.06	
	 Alb-GSP≥6.51	 1.41 (0.63–3.15)	 0.40	 0.88 (0.25–3.10)	 0.84	 1.93 (0.66–5.64)	 0.23	

Case-mix adjusted model is adjusted for age, gender, pre-existing CVD and hypertension. Case-mix+lab adjusted model which 
included all of the covariates in the case-mix model as well as 3 surrogates of nutritional status including hemoglobin, log-
transformed high sensitive C-reactive protein. 
Alb-GSP = albumin corrected glycated serum proteins; HR = hazard ratio; CI = confidence interval; CVD = cardiovascular disease.
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cholesterol (Supplemental Table 4). Thus, the measure-
ment of Alb-GSP may provide additional prognostic 
information beyond HbA1c. It is worth mentioning that 
Alb-GSP did not show the same direction of effect on the 
mortality as HbA1c. Though p values were p = 0.06 for 
all-cause mortality and non-cardiovascular mortality 
with higher Alb-GSP (Alb-GSP ≥ 5.51 to ≤ 6.50 μmol/g) 
in case-mix+lab model, the HRs of higher Alb-GSP were 
greater than 2 and 3, respectively. Higher Alb-GSP may 
be associated with increased risk of all-cause and non-
cardiovascular mortality given a larger sample size. 
Moreover, some published data may also suggest some 
potential explanations. Characteristics of Alb-GSP and 
HbA1c in assessment of glycemic control in dialysis 
patients may be somewhat different. It was reported that 
HbA1c significantly underestimated glycemic control in 
peritoneal and hemodialysis patients (36). However, 
Mittman et al. showed that albumin-corrected fructos-
amine was an advantage for patients with lower serum 
glucose (28). However, there is no research on whether 
Alb-GSP is more sensitive in patients with lower serum 
glucose level. Fasting glucose was measured only once 
in our study, and hypoglycemia reaction and the dose 
of insulin was not recorded, so it was unknown whether 
lower Alb-GSP meant intensive glycemic control. 

This is the first study to evaluate the relationship 
between Alb-GSP and patient survival in diabetic ESRD 
patients. There is literature concerning this issue on 
other alternative glycemic indices, GA and albumin-
corrected fructosamine; these 3 indices all have shorter 
half-lives than HbA1c and reflect more recent glycemic 
control (22,37). In addition, these assays are not affected 
by hemoglobin levels and are minimally affected by 
shortened red blood cell survival, which are known to 
influence the levels of HbA1c (22,23). Some data have 
suggested GA or albumin-corrected fructosamine equal 
or even superior alternatives to HbA1c in dialysis patients 
with diabetes (18,19,23,37), but some concluded that 
HbA1c was the most reliable index and a superior marker 
of glycemic control (25,38,39). Moreover, the cost of 
GSP assays was about half that of the A1c test. However, 
values for GSP vary with changes in the synthesis or 
clearance of serum proteins that can occur with acute 
systemic illness or with liver disease (18). The method 
of correction of GSP by albumin is still under debate, 
since albumin only accounted for about 70% of serum 
proteins. More studies are needed to further explore 
the assessment of glycemic control in GSP on survival in 
dialysis patients with diabetes.

There were some limitations to our study. First, the 
number of patients was relatively small and the deaths 
were few in the cohort. Second, only baseline HbA1c, GSP 

and Alb-GSP values 3 months after starting PD were used 
in the analysis, which did not reflect the change of glyce-
mic control during the observation period. Third, all the 
recruited patients were from a single center in Southern 
China, so, there may be limited value to other ethnic 
populations. Fourth, we did not exclude the influences 
of peritoneal transport rate and dialysis prescription. 
Large multi-center prospective studies are required to 
evaluate these findings.

CONCLUSION

In conclusion, this retrospective observational cohort 
study of PD patients with diabetes suggested that higher 
HbA1c and lower Alb-GSP appears to be significantly 
associated with increased all-cause and non-cardiovas-
cular mortality, with a non-significant trend observed 
for increased all-cause and non-cardiovascular mortality 
with the highest levels of Alb-GSP. This association might 
have reached significance given a larger sample size. 
Non-significant differences in cardiovascular death risks 
were found across varied HbA1c or Alb-GSP levels. The 
target HbA1c levels and multiple indices for assessment 
of glycemic control need to be further defined in large 
and multicenter clinical trials to achieve better outcomes 
in PD patients with diabetes.
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