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Abstract
Backgound: Glycated hemoglobin (HbA1c) is commonly used in the diagnosis and evaluation of
glycemic control in diabetes, and may be in�uenced by several non-glycemic and glycemic factors,
including albumin. This retrospective study investigated the in�uence of albumin on HbA1c and HbA1c-
de�ned glycemic status.

Methods: The demographic, hematological, and biochemical data were collected for 11,922 patients
undergoing routine physical examination. Univariate and multivariate linear regression analyses, strati�ed
analyses and interaction analyses, and multiple logistic regression were conducted to identify the
association between albumin and HbA1c in people with different glycemic status.

Results: HbA1c levels were inversely associated with serum albumin level ( P < 0.0001) in all participants.
Risk factors leading to the association included age >45 years, high fasting plasma glucose (≥7.0
mmol/L), and anemia. The negative association between HbA1c and albumin was curved ( P < 0.0001)
and had a threshold effect in the HbA1c-de�ned diabetic population; the association was signi�cantly
stronger when the albumin level fell below 41.4 g/L (β: –0.31, 95% CI: –0.45 to –0.17, P < 0.0001). A 2
g/L increase in albumin reduced the odds of HbA1c-de�ned dysglycemia, diabetes, and poor glycemia
control by 12% to 36%, after adjustment for all possible confounders.

Conclusions: HbA1c was inversely associated with albumin level in all participants, and the association
was signi�cantly stronger in people with diabetes (de�ned by HbA1c criteria). For diabetic patients with
lower albumin level, there was an increased risk of an erroneous HbA1c-based identi�cation and
management of glycemic status.

Background
Assessment of glycemic control is an integral component of effective treatment in the management of
diabetes. Monitoring of fasting plasma glucose (FPG) and glycated hemoglobin (HbA1c) are the two
main measures available to screen diabetes and assess the effectiveness of present therapy (1–4). Since
2010, the American Diabetes Association has recommended HbA1c as a parameter in the diagnosis of
diabetes and the screening of persons at high risk of diabetes. High HbA1c can strongly predict diabetic
complications (5–7), and cardiovascular morbidity in both diabetic and non-diabetic patients (8, 9). The
importance of the HbA1c assay in evaluating long-term glycemic control is well established (10, 11).
However, in spite of strong correlation, data for HbA1c and average FBG show considerable scatter (12,
13), and clinical physicians and patients with diabetes occasionally encounter discordance between the
implications of FPG and HbA1c. These may confound the status of glucose management and even
mislead the choice for further therapeutic regimen (14, 15).

The International Expert Committee has proposed using the HbA1c level to de�ne impaired glycemic
status(16). However, due to stringent quality assurance and standardization requirements (17), the
de�nition of glycemic status based on HbA1c has not been widely implemented in clinical practice in
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China. Furthermore, the utility of HbA1c measurements in clinical practice also is limited by several non-
glycemic and glycemic in�uences on HbA1c(18, 19). A previous study with a cohort comprising 4158
type-2 diabetic patients showed reliably that plasma albumin concentration was a predictor of HbA1c,
independently of FBG and fructosamine (20). Recently, a study found that the glycation status of albumin
also in�uenced hemoglobin glycation (21). Similarly, densitometry revealed that the extent of glycation
was higher in the plasma proteins of diabetic-low albumin mice than in the diabetic-high albumin mice.
This reasonably indicates that differences in the glycation of plasma proteins could be due to differential
exposure of these proteins to glucose caused by variations in albumin levels (22). However, whether the
effect of albumin on HbA1c also exists in normoglycemic and prediabetic populations has not been
clari�ed. Moreover, the magnitude of the consequences for diagnosis and management of dysglycemic
conditions is uncertain, since if there is a correlation between albumin and HbA1c, some patients may be
misclassi�ed by standard HbA1c cutoffs. Therefore, it is necessary to investigate the in�uence of
albumin on HbA1c when de�ning glycemic status.

This retrospective study investigated the association between serum albumin level and HbA1c value, and
assessed the degree of in�uence that albumin has when levels exceed the HbA1c thresholds that are
commonly employed for diagnosis and management of diabetes and prediabetes.

Methods

Study design and population
This is a retrospective study. All the participants had undergone physical examinations from January
2019 to December 2019 at Second Xiangya Hospital of Central South University in China. The ethics
committee of Second Xiangya Hospital of Central South University approved this retrospective study
(Ethics Reference NO: 089/2016). The study adhered to the principles of the Declaration of Helsinki.

The individuals initially enrolled (n = 12,876) were all those aged from 18 to 75 years for whom an
analytical pro�le was obtained (i.e., anthropometric, glycemic, and primary metabolic parameters).
Individuals with any of the following were excluded: missing information on covariates; erroneous
information on covariates; participants with severe infections; individuals were not Chinese; pregnant
woman; participants with cancers. Finally, 11922 participants were included for this analysis (Fig. 1).

Plasma glucose values for diagnosing diabetes, prediabetes, and normoglycemia were identi�ed in
accordance with the 2019 criteria of the American Diabetes Association (23). Speci�cally, diabetes,
prediabetes, and normoglycemia were de�ned as, respectively, FPG ≥ 7.0 mmol/L or HbA1c ≥ 6.5%, FPG
5.6 to 6.9 mmol/L or HbA1c 5.7 to 6.4%, and FPG < 5.6 mmol/L or HbA1c < 5.7%. In addition, participants
with hemoglobin < 115 g/L (female) or < 130 g/L (male) were deemed anemic. Participants with aspartate
aminotransferase (AST) ≥ 70 U/L (female) or ≥ 80 U/L (male) or alanine aminotransferase (ALT) ≥ 
80 U/L (female) or ≥ 100 U/L (male) were considered to have hepatic disease. Participants with
creatinine > 133 µmol/L were considered with renal insu�ciency. Hyperlipidemia was de�ned as total
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cholesterol (TC) ≥ 5.72 mmol/L or triglyceride (TG) ≥ 1.70 mmol/L or high-density lipoprotein cholesterol
(HDL-C) < 0.9 mmol/L. The parameters of uric acid (UA) necessary for hyperuricemia were ≥ 357 µmol/L
(female) or ≥ 420 µmol/L (male).

Laboratory measurements
Anthropometric data were collected. Body mass index (BMI) was calculated as weight/height2 (kg/m2).
The systolic and diastolic blood pressures (SBP, DBP) were measured in a sitting resting position with a
digital sphygmomanometer and standard protocol.

All blood samples were obtained in the morning (8 a.m.) after a 10- to 12-hour overnight fast and then
centrifuged (3000 × g for 5 min) for serum separation when applicable. The HbA1c and erythrocyte
parameters were determined with whole blood, while other parameters were tested with serum. HbA1c
levels were determined by high-performance liquid chromatography using Arkray HA-8160 analyzers
(Arkray, Japan). The following hematological parameters were determined with Sysmex XN counters
(Sysmex, Japan): red cell count (RBC); hemoglobin; hematocrit (HCT); mean corpuscular volume (MCV);
mean corpuscular hemoglobin (MCH); and mean corpuscular hemoglobin concentration (MCHC).

Serum levels of FPG were tested using the glucose oxidase/peroxidase method in Abbott C16000
analyzers (Abbott, America). The following hepatic, renal, and lipid parameters were measured using
Abbott C16000 analyzers (Abbott, America): AST, ALT, direct bilirubin (DBIL), albumin, total protein (TP),
blood urea nitrogen (BUN), creatinine, UA, TC, TG, low-density lipoprotein cholesterol (LDL-C), and HDL-C.
All analyses were performed on the day of collection in the Department of Laboratory Medicine, Second
Xiangya Hospital.

Statistical analysis
Normally distributed parameters are reported as mean ± standard deviation and non-normally distributed
parameters as median and interquartile range (IQR; Q1-Q3). Univariate statistical comparisons of
individual demographics between the albumin quintile groups were conducted: for continuous variables
using a one-way analysis of variance; or a Kruskal-Wallis test when non-normal. Categorical variables are
described by numbers with percentages and were compared using the chi-squared test.

Univariate and multivariate linear regression analyses were used to evaluate the effects of serum albumin
on HbA1c. A sensitivity analysis was conducted and multivariate adjusted models were used to assess
confounding variables. The potential confounders entered into the model were based on their
signi�cance in the univariate analysis (P < 0.10) or clinical implication. In all the models, the serum
albumin levels were treated as both continuous variables scaled in 2 g/L increments and categorical
variables divided into quintiles. Trend analyses were also conducted by modeling the albumin quintiles as
continuous variables. To con�rm the association between serum albumin levels and HbA1c, strati�ed
analyses and interaction analyses were further conducted of the following: gender; age (< 45 y and ≥ 45
y); BMI (18.5–25, 25–28, and ≥ 28 kg/m2); FPG (< 5.6, 5.6 to 7.0, and ≥ 7.0 mmol/L); and comorbidity
(hyperlipidemia, anemia, hepatic disease, renal insu�ciency, hyperuricemia).
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A two-piecewise linear regression model was applied to examine the threshold effect of serum albumin
on HbA1c using a smoothing function. The threshold level was determined using trial and error, including
selection of turning points along a pre-de�ned interval and then choosing the turning point that gave the
maximum model likelihood. Using multiple logistic regression with and without adjustment for
confounders, also investigated was the in�uence of increasing albumin levels on the odds of exceeding
the HbA1c thresholds most commonly employed for diagnosis of prediabetes (5.7%), diabetes (6.5%),
and as goals in management (7% and 8%).

A P-value < 0.05 (two-sided) was considered statistically signi�cant for all tests. All analyses were
performed using Empower (R) software (, X&Y Solutions, Boston MA; and http://www.R-project.org).

Results

Clinical and laboratory characteristics of the study
participants
Among the 11,922 participants, 6044 (50.70%) were male (Table 1). Their mean age was 48.66 years, and
62.29% of them were older than 45 years. Their mean BMI was 24.25 ± 3.26 kg/m2, and overweight or
obese people (BMI ≥ 25) accounted for 38.89%. In the subgroups, the proportion of HbA1c-de�ned
diabetic (8.13%), prediabetic (34.78%), and normoglycemic populations (57.09%) were different from that
of FPG-de�ned diabetic (4.69%), prediabetic (8.98%), and normoglycemic populations (86.34%; P < 
0.0001). As for comorbidity, hyperlipidemia was present in 42.89% in all participants, whereas
hyperuricemia was found in 12.72% and anemia in 4.32%. Very few participants had hepatic disease
(1.11%) or renal insu�ciency (0.34%).
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Table 1
Baseline characteristics of the study participants.

Variable Overall population Variable Overall
population

Subjects, n 11922 Gender, n (%)  

Age, y 48.66 ± 11.17 Male 6044 (50.70)

BMI, kg/m2 24.25 ± 3.26 Female 5878 (49.30)

Pulse, bpm 77.77 ± 11.14 Age, n (%)  

SBP, mmHg 124.40 ± 17.10 ≤ 45 y 4496 (37.71)

DBP, mmHg 76.70 ± 11.41 > 45 y 7426 (62.29)

HbA1c, % 5.60 (5.40–5.90) BMI, n (%)  

FPG, mmol/L 4.75 (4.38–5.19) < 25 7286 (61.11)

TG, mmol/L 1.35 (0.93-2.00) 25–28 3195 (26.80)

TC, mmol/L 4.88 ± 0.94 ≥ 28 1441 (12.09)

HDL-C, mmol/L 1.32 ± 0.29 HbA1c-de�ned glycemic status, n
(%)

 

LDL-C, mmol/L 2.90 ± 0.78 Normoglycemia 6806 (57.09)

RBC, 1012/L 4.81 ± 0.52 Prediabetic 4147 (34.78)

Hemoglobin, g/L 143.12 ± 16.11 Diabetic 969 (8.13)

Hematocrit, % 43.40 ± 4.25 FPG-de�ned glycemic status, n (%)  

MCV, fL 90.50 ± 5.71 Normoglycemia 10293 (86.34)

MCH, pg 29.84 ± 2.37 Prediabetes 1070 (8.98)

MCHC, g/L 329.45 ± 12.13 Diabetes 559 (4.69)

ALT, U/L 19.00 (13.90–
27.90)

Disease prevalence, n (%)  

AST, U/L 21.40 (18.20-25.78) Hyperlipidemia 5113 (42.89)

TP, g/L 43.58 ± 2.38 Anemia 515 (4.32)

Albumin, g/L 72.47 ± 3.84 Hepatic disease 132 (1.11)

DBIL, U/L 3.30 (2.50–4.20) Renal insu�ciency 40 (0.34)

Notes: Data are presented as the mean ± standard deviation or Median (IQR: Q1-Q3) for continuous
variables and percentage for categorical variables.
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Variable Overall population Variable Overall
population

Creatinine,
µmol/L

67.60 (56.80–
80.00)

Hyperuricemia 1516 (12.72)

BUN, mmol/L 4.99 (4.21–5.91)    

UA, µmol/L 311.78 ± 81.26    

Notes: Data are presented as the mean ± standard deviation or Median (IQR: Q1-Q3) for continuous
variables and percentage for categorical variables.

The clinical and biochemical characteristics of the study population by serum albumin-level quintiles are
shown in Table 2. Gender and age distribution varied among albumin levels: participants with lower
albumin were predominantly female and older (> 45 y) while the participants with higher albumin were
mainly male and younger (< 45 y). Participants in the �fth quintile of serum albumin level had
signi�cantly higher SBP, DBP, RBC, hemoglobin, ALT, AST, DBIL, and CRE compared with those in the �rst
quintile. There was a signi�cant difference in HbA1c level, but not FPG level, among the albumin intervals,
and HbA1c levels signi�cantly decreased with increasing albumin levels (P < 0.001 for the trend; Fig. 2). In
addition, participants in the �rst quintile of serum albumin level had a signi�cantly higher rate of anemia
and renal insu�ciency compared with those in the �fth quintile of serum albumin level. However,
hyperlipidemia, hepatic disease, and hyperuricemia were signi�cantly more prone to occur in people with
higher albumin levels. BMI, FPG, MCH, and BUN did not differ across the albumin quintiles.
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Table 2
Characteristics of the participants by serum albumin level quintiles

Characteristic Serum albumin, g/L P *

Q1(22.7–
41.7)

Q2(41.7–
43.1)

Q3(43.1–
44.2)

Q4(44.2–
45.5)

Q5(45.5–
53.4)

Subjects, n 2280 2489 2308 2379 2466  

Age, y 53.30 ± 
10.43

50.79 ± 
10.50

49.30 ± 
10.49

47.09 ± 
10.86

43.11 ± 10.82 < 
0.001

Gender, n (%)           < 
0.001

Male 909
(39.87)

1017
(40.86)

1123
(48.66)

1331
(55.95)

1664 (67.48)  

Female 1371
(60.13)

1472
(59.14)

1185
(51.34)

1048
(44.05)

802 (32.52)  

BMI, kg/m2 24.24 ± 
3.20

24.16 ± 
3.19

24.32 ± 
3.25

24.21 ± 
3.27

24.32 ± 3.38 0.327

Pulse, bpm 76.69 ± 
11.29

76.97 ± 
10.93

77.16 ± 
10.34

77.99 ± 
10.94

79.93 ± 11.82 < 
0.001

SBP, mmHg 123.53 ± 
17.72

123.67 ± 
17.17

124.44 ± 
17.08

124.58 ± 
17.06

125.71 ± 
16.41

< 
0.001

DBP, mmHg 75.20 ± 
11.22

75.90 ± 
11.58

76.62 ± 
11.36

77.26 ± 
11.28

78.45 ± 11.33 < 
0.001

HbA1c, % 5.70
(5.40–
5.90)

5.60
(5.40–
5.90)

5.60
(5.40–
5.90)

5.50
(5.40–
5.80)

5.50 (5.30–
5.80)

< 
0.001

FPG, mmol/L 4.72
(4.37–
5.13)

4.75
(4.37–
5.18)

4.77
(4.40–
5.21)

4.74
(4.37–
5.20)

4.76 (4.39–
5.21)

0.854

TG, mmol/L 1.24
(0.89–
1.72)

1.27
(0.91–
1.86)

1.33 (0.93-
2.00)

1.40
(0.95–
2.10)

1.50 (1.03–
2.33)

< 
0.001

TC, mmol/L 4.71 ± 0.93 4.88 ± 0.93 4.90 ± 0.91 4.94 ± 0.94 4.97 ± 0.96 < 
0.001

HDL-C, mmol/L 1.30 ± 0.29 1.33 ± 0.28 1.33 ± 0.29 1.32 ± 0.30 1.30 ± 0.30 < 
0.001

Notes: Data are presented as the mean ± standard deviation or Median (IQR: Q1-Q3) for continuous
variables and percentage for categorical variables.*The One-way ANOVA or Kruskal Wallis rank sum
test or chi-square test was used for comparisons between subgroups.Q1-5, serum albumin level
quintiles.
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Characteristic Serum albumin, g/L P *

Q1(22.7–
41.7)

Q2(41.7–
43.1)

Q3(43.1–
44.2)

Q4(44.2–
45.5)

Q5(45.5–
53.4)

LDL-C, mmol/L 2.81 ± 0.78 2.92 ± 0.79 2.91 ± 0.77 2.94 ± 0.78 2.94 ± 0.78 < 
0.001

RBC, 1012/L 4.61 ± 0.49 4.71 ± 0.49 4.80 ± 0.50 4.88 ± 0.52 5.03 ± 0.52 < 
0.001

Hemoglobin,
g/L

136.87 ± 
15.60

139.94 ± 
15.34

143.27 ± 
15.53

145.25 ± 
15.57

149.89 ± 
15.36

< 
0.001

Hematocrit, % 41.80 ± 
4.23

42.59 ± 
4.03

43.42 ± 
4.16

43.95 ± 
4.04

45.13 ± 4.01 < 
0.001

MCV, fL 90.90 ± 
5.83

90.68 ± 
5.77

90.59 ± 
5.47

90.34 ± 
5.86

89.99 ± 5.59 < 
0.001

MCH, pg 29.77 ± 
2.41

29.80 ± 
2.40

29.86 ± 
2.31

29.85 ± 
2.42

29.89 ± 2.31 0.409

MCHC, g/L 327.18 ± 
11.87

328.29 ± 
11.85

329.61 ± 
11.74

330.16 ± 
12.55

331.90 ± 
12.07

< 
0.001

ALT, U/L 17.20
(13.00–
24.00)

17.60
(13.30–
24.70)

18.90
(13.70–
27.20)

20.00
(14.60–
29.70)

22.70(15.50–
33.80)

< 
0.001

AST, U/L 20.70
(17.60-
24.72)

20.70
(17.80–
24.60)

21.10
(18.20–
25.50)

21.90
(18.70–
26.30)

22.30
(18.90–
27.00)

< 
0.001

TP, g/L 40.21 ± 
1.57

42.39 ± 
0.40

43.60 ± 
0.31

44.77 ± 
0.37

46.75 ± 1.11 < 
0.001

Albumin, g/L 69.70 ± 
3.85

71.34 ± 
3.23

72.31 ± 
3.28

73.56 ± 
3.10

75.26 ± 3.24 < 
0.001

DBIL, U/L 3.00
(2.30–
3.90)

3.20 (2.50-
4.00)

3.20
(2.50–
4.20)

3.50
(2.70–
4.40)

3.60 (2.80–
4.70)

< 
0.001

Creatinine,
µmol/L

63.40
(55.10–
77.10)

64.10
(55.30–
77.10)

67.00
(56.50–
80.00)

69.50
(57.95-
81.00)

73.80 (60.50-
83.07)

< 
0.001

BUN, mmol/L 5.00 (4.17-
6.00)

4.97
(4.19–
5.89)

4.98
(4.22–
5.95)

4.99
(4.21–
5.85)

4.99 (4.23–
5.87)

0.921

Notes: Data are presented as the mean ± standard deviation or Median (IQR: Q1-Q3) for continuous
variables and percentage for categorical variables.*The One-way ANOVA or Kruskal Wallis rank sum
test or chi-square test was used for comparisons between subgroups.Q1-5, serum albumin level
quintiles.
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Characteristic Serum albumin, g/L P *

Q1(22.7–
41.7)

Q2(41.7–
43.1)

Q3(43.1–
44.2)

Q4(44.2–
45.5)

Q5(45.5–
53.4)

UA, µmol/L 295.24 ± 
78.87

298.55 ± 
76.34

310.09 ± 
80.74

318.90 ± 
79.83

335.13 ± 
83.84

< 
0.001

Age, n(%)           < 
0.001

≤ 45 y 511
(22.41)

743
(29.85)

807
(34.97)

1003
(42.16)

1432 (58.07)  

> 45 y 1769
(77.59)

1746
(70.15)

1501
(65.03)

1376
(57.84)

1034 (41.93)  

BMI, n (%)           0.03

< 25 1426
(62.54)

1566
(62.92)

1422
(61.61)

1433
(60.24)

1439 (58.35)  

25–28 585
(25.66)

645
(25.91)

594
(25.74)

665
(27.95)

706 (28.63)  

≥ 28 269
(11.80)

278
(11.17)

292
(12.65)

281
(11.81)

321 (13.02)  

HbA1c-de�nedglycemic status, n (%) < 
0.001

Normoglycemia 1127
(49.43)

1334
(53.60)

1307
(56.63)

1447
(60.82)

1591 (64.52)  

Prediabetic 934
(40.96)

956
(38.41)

803
(34.79)

756
(31.78)

698 (28.30)  

Diabetic 219 (9.61) 199 (8.00) 198 (8.58) 176 (7.40) 177 (7.18)  

FPG-de�nedglycemic status, n (%) 0.450

Normoglycemia 1971
(86.45)

2158
(86.70)

1989
(86.18)

2053
(86.30)

2122 (86.05)  

Prediabetes 185 (8.11) 222 (8.92) 206 (8.93) 226 (9.50) 231 (9.37)  

Diabetes 124 (5.44) 109 (4.38) 113 (4.90) 100 (4.20) 113 (4.58)  

Disease rate, n
(%)

           

Notes: Data are presented as the mean ± standard deviation or Median (IQR: Q1-Q3) for continuous
variables and percentage for categorical variables.*The One-way ANOVA or Kruskal Wallis rank sum
test or chi-square test was used for comparisons between subgroups.Q1-5, serum albumin level
quintiles.
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Characteristic Serum albumin, g/L P *

Q1(22.7–
41.7)

Q2(41.7–
43.1)

Q3(43.1–
44.2)

Q4(44.2–
45.5)

Q5(45.5–
53.4)

Hyperlipidemia 785
(34.43)

985
(39.57)

977
(42.33)

1099
(46.20)

1267 (51.38) < 
0.001

Anemia 204 (8.95) 100 (4.02) 90 (3.90) 65 (2.73) 56 (2.27) < 
0.001

Hepatic disease 28 (1.23) 17 (0.68) 20 (0.87) 26 (1.09) 41 (1.66) 0.014

Renal
insu�ciency

25 (1.10) 6 (0.24) 3 (0.13) 3 (0.13) 3 (0.12) < 
0.001

Hyperuricemia 223 (9.78) 251
(10.08)

285
(12.35)

326
(13.70)

431 (17.48) < 
0.001

Notes: Data are presented as the mean ± standard deviation or Median (IQR: Q1-Q3) for continuous
variables and percentage for categorical variables.*The One-way ANOVA or Kruskal Wallis rank sum
test or chi-square test was used for comparisons between subgroups.Q1-5, serum albumin level
quintiles.

Univariate and multivariate analyses of HbA1c with serum
albumin levels
Univariate analyses were performed to analyze the associations between HbA1c and each
anthropometrical and biochemical variable (Table 3). Signi�cant associations (all P < 0.001) were found
between HbA1c and variables other than MCH, MCHC, TP, and creatinine. Among them, a signi�cant
negative association was found between HbA1c and albumin (P < 0.0001).
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Table 3
Univariate analysis of characteristics of the

participants with HbA1c.

Variable β(95% CI) P

Age (years) 0.02 (0.02, 0.02) < 0.0001

Sex    

Female 0  

Male 0.21 (0.18, 0.24) < 0.0001

BMI 0.05 (0.04, 0.05) < 0.0001

Pulse 0.01 (0.00, 0.01) < 0.0001

SBP 0.01 (0.01, 0.01) < 0.0001

DBP 0.01 (0.01, 0.01) < 0.0001

FPG 0.50 (0.49, 0.51) < 0.0001

RBC 0.19 (0.16, 0.22) < 0.0001

Hemoglobin 0.00 (0.00, 0.01) < 0.0001

Hematocrit 0.02 (0.02, 0.02) < 0.0001

MCV -0.01 (-0.01, -0.00) < 0.0001

MCH -0.01 (-0.02, -0.00) 0.0035

MCHC 0.00 (0.00, 0.00) 0.0399

ALT 0.00 (0.00, 0.01) < 0.0001

AST 0.00 (0.00, 0.00) < 0.0001

Albumin -0.06 (-0.08, -0.05) < 0.0001

TP 0.00 (0.00, 0.01) 0.0178

DBIL -0.03 (-0.04, -0.02) < 0.0001

TC 0.13 (0.11, 0.14) < 0.0001

TG 0.09 (0.08, 0.10) < 0.0001

HDL-C -0.35 (-0.40, -0.30) < 0.0001

LDL-C 0.15 (0.13, 0.17) < 0.0001

Creatinine 0.00 (0.00, 0.00) 0.0022
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Variable β(95% CI) P

BUN 0.07 (0.06, 0.08) < 0.0001

UA 0.00 (0.00, 0.00) < 0.0001

Multivariate analyses were performed to measure the association between serum albumin and HbA1c.
Both non-adjusted and adjusted models were analyzed to assess confounding. The association of
albumin with HbA1c was measured with serum albumin levels treated as both continuous variables
scaled to 2 g/L increments, and categorical variables by quintiles (Table 4). In the linear modeling, a per
2 g/L increment in albumin was associated with a lower HbA1c level (β: − 0.06, 95% con�dence interval
(CI): − 0.08 to − 0.05, P < 0.0001) before adjusting for confounders (Model 1). In the sensitivity analyses,
the negative association remained present after additional adjustment for potential confounders. After
adjusting for all possible confounders (Model 4), HbA1c level was still independently inversely associated
with albumin; for each 2 g/L increase in albumin, the HbA1c level decreased by 0.05% (β: − 0.05, 95% CI:
− 0.06 to − 0.04, P < 0.0001).
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Table 4
Multivariate analysis of the association of serum albumin levels with HbA1c.

  Model 1 a Model 2 b Model 3 c Model 4 d

  β (95%
CI)

P β (95%
CI)

P β (95%
CI)

P β (95%
CI)

P

albumin,
g/L e

-0.06
(-0.08,
-0.05)

< 
0.0001

-0.02
(-0.03,
-0.00)

0.0139 -0.02
(-0.04,
-0.01)

0.0008 -0.05
(-0.06,
-0.04)

< 
0.0001

Q1(22.7–
41.7 g/L)

0   0   0   0  

Q2(41.7–
43.1 g/L)

-0.08
(-0.13,
-0.03)

0.0019 -0.03
(-0.07,
0.02)

0.2791 -0.03
(-0.07,
0.02)

0.2562 -0.06
(-0.08,
-0.03)

< 
0.0001

Q3(43.1–
44.2 g/L)

-0.08
(-0.13,
-0.03)

0.0014 -0.01
(-0.06,
0.03)

0.6005 -0.02
(-0.07,
0.03)

0.4352 -0.08
(-0.11,
-0.05)

< 
0.0001

Q4(44.2–
45.5 g/L)

-0.14
(-0.19,
-0.09)

< 
0.0001

-0.04
(-0.09,
0.01)

0.0916 -0.05
(-0.10,
-0.00)

0.0452 -0.12
(-0.15,
-0.09)

< 
0.0001

Q5(45.5–
53.4 g/L)

-0.19
(-0.24,
-0.14)

< 
0.0001

-0.03
(-0.07,
0.02)

0.3223 -0.05
(-0.10,
-0.00)

0.0384 -0.15
(-0.18,
-0.12)

< 
0.0001

P trend < 0.001 0.254 0.027 < 0.001

Notes: Model 1: a Unadjusted; Model 2: b adjusted for gender and age; Model 3: c adjusted for gender,
age, BMI, pulse, SBP and DBP; Model 4:d adjusted for gender, age, BMI, pulse, SBP, DBP, FPG, TG, HDL-
C, LDL-C, RBC, hematocrit, MCH, MCHC, ALT, AST, TP, DBIL, creatinine, BUN, and UA. e per 2 g/L
increment; Q1-5, serum albumin level quintiles.

The multivariate regression analysis also showed that HbA1c levels were signi�cantly lower for every
increase in albumin level of a quintile (Table 4). In the analyses adjusted for all confounders (Model 4),
HbA1c decreased by 0.15% in the �fth quintile compared with the �rst quintile (β: − 0.15, 95% CI: − 0.18 to
− 0.12, P < 0.0001).

Effects of other variables on the association between
HbA1c and albumin
A subgroup analysis was used to explore the potential effects of other variables on the association
between HbA1c and albumin (Table 5). Strati�ed and interaction analyses were performed by gender, age,
BMI, FPG, and several comorbidities. The results showed that the negative association between HbA1c
and albumin was relatively stable in people of different genders or BMI, or people with or without
hyperlipidemia or hyperuricemia.
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Table 5
Effect size of albumin (per 2 g/L increment) on HbA1c in the planned and exploratory

subgroups.

Characteristic No. of participants Effect size (95% CI) P P for interaction

Gender       0.1899

Male 6044 -0.06 (-0.07, -0.05) < 0.0001  

Female 5878 -0.05 (-0.06, -0.04) < 0.0001  

Age, y       0.0008

≤ 45 4496 -0.04 (-0.06, -0.03) < 0.0001  

> 45 7426 -0.07 (-0.09, -0.06) < 0.0001  

BMI, kg/m2       0.8252

< 25 7286 -0.05 (-0.06, -0.04) < 0.0001  

25–28 3195 -0.06 (-0.08, -0.04) < 0.0001  

≥ 28 1441 -0.05 (-0.08, -0.03) < 0.0001  

FPG, mmol/L       < 0.0001

< 5.6 10293 -0.02 (-0.03, -0.01) 0.0011  

5.6 ~ 7.0 1070 -0.05 (-0.08, -0.01) 0.0045  

≥ 7.0 559 -0.31 (-0.35, -0.27) < 0.0001  

Hyperlipemia       0.6627

No 6809 -0.05 (-0.06, -0.04) < 0.0001  

Yes 5113 -0.06 (-0.07, -0.04) < 0.0001  

Anemia       0.0015

No 11407 -0.05 (-0.06, -0.04) < 0.0001  

Yes 515 -0.10 (-0.12, -0.07) < 0.0001  

Liver disease       0.1536

No 11790 -0.06 (-0.07, -0.05) < 0.0001  

Yes 132 -0.00 (-0.08, 0.08) 0.9968  

Kidney disease       0.2498

No 11882 -0.05 (-0.06, -0.05) < 0.0001  
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Characteristic No. of participants Effect size (95% CI) P P for interaction

Yes 40 0.03 (-0.11, 0.18) 0.6781  

Hyperuricemia       0.0987

No 10406 -0.06 (-0.07, -0.05) < 0.0001  

Yes 1516 -0.04 (-0.06, -0.01) < 0.0001  

However, differences were observed according to age, FPG, or anemia in the association between serum
albumin levels and HbA1c. Speci�cally, the negative correlation was stronger in those people older than
45 years, with higher FPG, or with anemia (P for interaction = 0.0008, < 0.001, and 0.0015, respectively). It
is worth noting that FPG had the most signi�cant effect on the association between HbA1c and albumin
among these variables. The negative association was more signi�cant in those people with a diabetes
diagnosis based on FPG, with the HbA1c level lower by 0.31% for each 2 g/L increase in albumin (β: − 
0.31, 95% CI: − 0.35 to − 0.27, P < 0.0001).

Analysis of the nonlinear association between serum
albumin levels and HbA1c using smooth curve �tting
Since the proportion of people with glycemic status as de�ned by HbA1c was different from that of
people de�ned by FPG (Table 2), an investigation was conducted to determine differences in the negative
associations among populations with different glycemic statusde�ned by HbA1c.

There were linear but very weak negative associations between albumin levels and HbA1c in both
normoglycemic (β: − 0.01, 95% CI: − 0.02 to − 0.01, P < 0.0001) and prediabetic populations (β: − 0.01, 95%
CI: − 0.02 to 0.00, P = 0.0533) de�ned by HbA1c (Fig. 3; Table 6). The negative association between
albumin and HbA1c was signi�cantly stronger in the diabetic population de�ned by HbA1c. More
importantly, a threshold, nonlinear association between albumin and HbA1c was found using a
generalized additive model (P = 0.0001; Fig. 3).
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Table 6
Analysis of the threshold effect of albumin on HbA1c using piecewise linear

regression.

In�ection point of albumin
(per 2 g/L increment)

Effect size (β) 95% CI P

HbA1c-de�ned normoglycemia -0.01 (-0.02, -0.01) < 0.0001

HbA1c-de�ned prediabetes -0.01 (-0.01, 0.00) 0.0533

HbA1c-de�ned diabetes      

≥ 41.4 -0.10 (-0.17, -0.02) 0.0089

< 41.4 -0.31 (-0.45, -0.17) < 0.0001

Threshold saturation effects were analyzed using multivariate piecewise linear regression based on the
curve in (Table 6). The data indicated that the turning point was 41.4 g/L. Speci�cally, HbA1c decreased
with the elevation of albumin when the albumin level was ≥ 41.4 g/L (β: − 0.10, 95% CI: − 0.17 to − 0.02,
P < 0.0001). However, when the albumin level was below the in�ection point, the negative association was
signi�cantly stronger: each 2 g/L increment in serum albumin level was signi�cantly associated with a
reduction by 0.31% in HbA1c (β: − 0.31, 95% CI: − 0.45 to − 0.17, P < 0.0001).

Analysis the effect of serum albumin levels on HbA1c/FPG-
de�ned glycemic status
The above results showed that glycemic status de�ned by HbA1c was signi�cantly affected by the
albumin level. A further comparative analysis was conducted of the proportion of people with HbA1c-
de�ned glycemic status in each albumin interval.

The proportion of normoglycemic people (HbA1c < 5.7%) in the highest-albumin interval was signi�cantly
higher than that in the lowest-albumin interval (64.52% cf. 49.43%, P < 0.001). The proportion of
prediabetic people (HbA1c: 5.7–6.4%) in the lowest albumin interval was signi�cantly higher than that in
the highest (40.96% cf. 28.30%, P < 0.001). As albumin increased, the proportion of people with
normoglycemia signi�cantly increased, while both the proportion of people with prediabetes and diabetes
decreased (P < 0.001 for the trend; Fig. 4). However, when glycemic status was de�ned by FPG, there were
no signi�cant differences in the rates of normoglycemia, prediabetes, and diabetes among the various
albumin intervals (Fig. 5).

An analysis was conducted of the in�uence of albumin levels on the diagnosis of glycemic status or
glycemic management goals de�ned by various HbA1c thresholds. Table 7 shows odds ratios per 2 g/L
increase in albumin, for HbA1c equal to or exceeding the thresholds of 5.7, 6.5, 7, and 8%. After
adjustment for possible confounders, the odds of exceeding these thresholds decreased by 12–36% for
each 2 g/L increase in albumin.
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Table 7
Odds ratios (per 2 g/L increase in albumin) for exceeding various HbA1c cutpoints

Exposure HbA1c ≥ 5.7% HbA1c ≥ 6.5% HbA1c ≥ 7% HbA1c ≥ 8%

OR(95%CI) P OR
(95%CI)

P OR
(95%CI)

P OR
(95%CI)

P

Model 1 0.82 (0.80,
0.85)

< 
0.0001

0.90
(0.85,
0.95)

< 
0.0001

0.86
(0.81,
0.92)

< 
0.0001

0.79
(0.73,
0.87)

< 
0.0001

Model 2 0.94 (0.91,
0.98)

0.0050 0.90
(0.82,
0.99)

0.0247 0.81
(0.72,
0.92)

0.0011 0.68
(0.58,
0.79)

< 
0.0001

Model 3 0.95 (0.91,
0.99)

0.0090 0.90
(0.82,
0.99)

0.0290 0.81
(0.71,
0.92)

0.0011 0.67
(0.57,
0.78)

< 
0.0001

Model 4 0.88 (0.84,
0.93)

< 
0.0001

0.79
(0.73,
0.87)

0.0086 0.77
(0.67,
0.89)

0.0004 0.64
(0.53,
0.76)

< 
0.0001

Discussion
In this large retrospective study, a signi�cant negative association was found between HbA1c and
albumin in all the participants. Importantly, in the HbA1c-de�ned diabetic population the negative
association between HbA1c and albumin was signi�cantly stronger, and curved with a threshold. In
addition, the classi�cation of dysglycemia based on HbA1c was more sensitive to the albumin levels.
Moreover, serum albumin levels signi�cantly affected the odds ratios of the HbA1c thresholds that are
commonly employed for diagnosis and management of diabetes.

Human serum albumin is the most abundant protein in the circulatory system, and a heavily glycosylated
protein due to its abundance, characteristically with a relatively longer half-life (21 days) and greater
number of lysine and arginine residues (24, 25). Thus, any variation in albumin levels may change the
stoichiometry of plasma protein glycation, including hemoglobin, �brinogen, and apolipoprotein (22, 26).
Bhonsle et al. (22) and Rodriguez-Segade et al. (20) found that HbA1c levels negatively correlated with
serum albumin levels due to competitive glycation inhibition by albumin. In accord with this, the present
study determined that HbA1c decreased as serum albumin increased, and the mean HbA1c in the lowest
albumin-level group was signi�cantly higher than that of the group with the highest albumin level.
Notably, participants enrolled in our study were not limited to diabetic participants, but also included
those with prediabetes or were normoglycemic, and the negative correlation between HbA1c and albumin
was shown in all groups.
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Several reports have suggested that alteration of HbA1c levels can be affected by several common
factors, including erythrocyte turnover, iron de�ciency, and kidney failure (27–29). In the present study, the
negative association was maintained after making allowance for all possible confounders. In vivo,
albumin glycation precedes hemoglobin glycation because albumin is the most abundant protein in
circulation with a large number of free lysine or arginine residues accessible for glycation(21, 25). This
may reasonably explain why albumin could competitively protect hemoglobin glycation. In addition,
changes in HbA1c concentration over the entire range of albumin concentrations may be a physiological
rather than a pathological association, since the negative association between HbA1c and albumin was
not affected by iron de�ciency, or poor vascular or renal permeability to albumin(20, 30).

It was also observed that the negative correlation between HbA1c and albumin was greater in the
presence of several common conditions, including older age (> 45 y), higher FPG levels, and anemia. In
patients older than 45 years or with anemia, a number of factors can contribute to lower HbA1c levels,
including declined nutrient metabolism, blunted erythropoietin response, and altered erythrocyte life span
(31, 32).

In the present study, when strati�ed and interaction analyses were performed by FPG, it was found that
the negative association was signi�cantly stronger with increasing FPG levels. This may be explained by
the following. In patients with higher FPG levels, a large quantity of glycosylated albumin accumulates
because albumin glycation precedes hemoglobin glycation (21). This leads to the modi�cation of lysine
residues of albumin, which weakens the ability of albumin to protect hemoglobin from glycosylation.
Glycosylated albumin can also increase the HbA1c level by interacting with the receptor for advanced
glycation end products (33). Moreover, given that albumin is characterized by easy aggregation and
change in structure, there is a great chance of modi�cation and polymerization in people with diabetes or
other diseases (24, 25). With changes in albumin level, its physiological roles, such as the ability to
protect hemoglobin from glycosylation, are affected (33, 34).

In the present study, since the negative effect of albumin on HbA1c was most signi�cant the FPG-de�ned
diabetic population, we explored whether this phenomenon also exists in people with glycemic status
de�ned by HbA1c. It was found that the association between albumin and HbA1c was strongest in
HbA1c-de�ned diabetes, with a curve and threshold, and the negative correlation was signi�cantly
stronger at levels below 41.4 g/L. Given that the in�ection point (41.4 g/L) is just around the lower limit of
the normal range for albumin (40–55 g/L), these results indicate that patients with clinical
hypoalbuminemia may have slightly higher HbA1c levels than those with normal albumin levels. It was
also determined that the proportion of people with diabetes and pre-diabetes as de�ned by HbA1c
decreased as albumin level increased, while the proportion of people with normoglycemia as de�ned by
HbA1c changed inversely. Thus, it is tempting to speculate that there may be a discrepancy when HbA1c
is used to de�ne the glycemic status of people with low albumin levels.

In fact, HbA1c has been used clinically as a marker for the diagnosis and management of dysglycemia
for a long time. In consideration of the importance of HbA1c for management of glycemia and control



Page 20/29

(35, 36), the effect of albumin on the odds ratio of different thresholds of HbA1c was analyzed in the
current study. It was found that the odds of HbA1c equal to or exceeding the thresholds (i.e., 5.7, 6.5, 7,
and 8%) decreased to varying degrees for each 2 g/L increase in albumin. These results show that
albumin, especially low albumin levels, may affect the diagnosis and management of HbA1c-de�ned
diabetes.

Some highlights of this study are worth mentioning. The number of participants was statistically
su�cient. The major anthropometric data and conventional biochemical and hematological parameters
were collected and analyzed via multiple regression and sensitivity analysis, which ensured the reliability
of the conclusion. The participants were then strati�ed by various conditions (e.g., age or anemia), and
the possible in�uence of diseases on the conclusions were effectively controlled. Moreover, the �nding of
a curved association between HbA1c and albumin in HbA1c-de�ned diabetic participants, and the
discovery of the in�ection point (41.4 g/L), can be expected to provide a theoretical basis for clinical
application.

Several shortcomings of this study should be considered. First, given the limitations of a retrospective
study, it is possible that potential interfering factors were not entirely controlled. We cannot draw a causal
conclusion regarding the inverse association between HbA1c and serum albumin. Second, the FPG level
was only measured once, and may not fully re�ect the glycemic status of the participants. Third, this
population in southern China was in a single-center, and thus the conclusions may not be fully applicable
to other regions or countries.

Conclusions
Three conclusions may be drawn from this study regarding the in�uence of serum albumin on HbA1c
level and HbA1c-de�ned glycemic status. First, HbA1c increased with decreasing serum albumin levels.
Secondly, the negative association between HbA1c and albumin was affected by FPG and was strongest
in the HbA1c-de�ned diabetic population with hypoalbuminemia. Finally, a lower serum albumin level
was associated with increased risk of an incorrect HbA1c-based identi�cation of glycemic status and
management. Although causality has not been demonstrated, these results in the present study indicate
that serum albumin levels should be taken into account when interpreting HbA1c levels in clinical
practice.

Abbreviations
HbA1c: Glycated hemoglobin; FPG: fasting plasma glucose; AST: aspartate aminotransferase; ALT:
alanine aminotransferase; TC: total cholesterol; TG: triglyceride; HDL-C: high-density lipoprotein
cholesterol; UA: uric acid; BMI: body mass index; SBP: systolic blood pressures; DBP: diastolic blood
pressures; RBC: red cell count; HCT: hematocrit; MCV: mean corpuscular volume; MCH: mean corpuscular
hemoglobin; MCHC: mean corpuscular hemoglobin concentration; DBIL: direct bilirubin; TP: total protein;



Page 21/29

BUN: blood urea nitrogen; LDL-C: low-density lipoprotein cholesterol; CI: con�dence interval; OR: odds
ratio.

Declarations
Ethics approval and consent to participate: The present study was approved by the ethics committee of
Second Xiangya Hospital of Central South University (Ethics Reference NO: 089/2016). The study
adhered to the principles of the Declaration of Helsinki. Informed consent was exempt by the committee.

Consent for publication: Not applicable.

Availability of data and materials: The datasets used and analyzed in the course of the present study are
available from the corresponding author upon reasonable request.

Competing interests: The authors declare that they have no competing interests.

Funding: This work was supported by the National Natural Scienti�c Foundation of China (Grant numbers
81600666). The funding body had no role in the design of the study and collection, analysis, and
interpretation of data, in writing the manuscript, and the decision to submit the manuscript for
publication.

Acknowledgements: Not applicable.

Authors ' contributions: Conception: XJF, HNT. Data analysis: XJF, HNT. Data collection: XJF, YYY, QSZ,
YYF. Manuscript draft writing: XJF, HNT. Data veri�cation: YFD, YYF, QH, and QQY. Manuscript editing and
supervision: HNT, and LLT. All authors read and approved the �nal manuscript.

Author details:

1Department of Laboratory Medicine, The Second Xiangya Hospital, Central South University, Changsha,
Hunan 410011, China

2Health Management Center of the Second Xiangya Hospital, Central South University, Changsha, Hunan
410011, China

References
1. Grint D, Alisjhabana B, Ugarte-Gil C, Riza AL, Walzl G, Pearson F, et al. Accuracy of diabetes screening

methods used for people with tuberculosis, Indonesia, Peru, Romania, South Africa. Bulletin of the
World Health Organization 2018;96:738-49.

2. Lu J, He J, Li M, Tang X, Hu R, Shi L, et al. Predictive Value of Fasting Glucose, Postload Glucose, and
Hemoglobin A on Risk of Diabetes and Complications in Chinese Adults. Diabetes care
2019;42:1539-48.



Page 22/29

3. Vijayakumar P, Nelson RG, Hanson RL, Knowler WC, Sinha M. HbA1c and the Prediction of Type 2
Diabetes in Children and Adults. Diabetes care 2017;40:16-21.

4. Li TC, Yang CP, Tseng ST, Li CI, Liu CS, Lin WY, et al. Visit-to-Visit Variations in Fasting Plasma
Glucose and HbA Associated With an Increased Risk of Alzheimer Disease: Taiwan Diabetes Study.
Diabetes care 2017;40:1210-7.

5. Horikawa C, Yoshimura Y, Kamada C, Tanaka S, Tanaka S, Hanyu O, et al. Dietary sodium intake and
incidence of diabetes complications in Japanese patients with type 2 diabetes: analysis of the
Japan Diabetes Complications Study (JDCS). The Journal of clinical endocrinology and metabolism
2014;99:3635-43.

�. Ceriello A, De Cosmo S, Rossi MC, Lucisano G, Genovese S, Pontremoli R, et al. Variability in HbA1c,
blood pressure, lipid parameters and serum uric acid, and risk of development of chronic kidney
disease in type 2 diabetes. Diabetes, obesity & metabolism 2017;19:1570-8.

7. Li S, Nemeth I, Donnelly L, Hapca S, Zhou K, Pearson ER. Visit-to-Visit HbA Variability Is Associated
With Cardiovascular Disease and Microvascular Complications in Patients With Newly Diagnosed
Type 2 Diabetes. Diabetes care 2020;43:426-32.

�. Bots SH, van der Graaf Y, Nathoe HM, de Borst GJ, Kappelle JL, Visseren FL, Westerink J. The
in�uence of baseline risk on the relation between HbA1c and risk for new cardiovascular events and
mortality in patients with type 2 diabetes and symptomatic cardiovascular disease. Cardiovascular
diabetology 2016;15:101.

9. Orsi E, Bonora E, Solini A, Fondelli C, Trevisan R, Vedovato M, et al. Association between On-
Treatment Haemoglobin A and All-Cause Mortality in Individuals with Type 2 Diabetes: Importance of
Personalized Goals and Type of Anti-Hyperglycaemic Treatment. Journal of clinical medicine
2020;9:1-16.

10. Nordwall M, Fredriksson M, Ludvigsson J, Arnqvist HJ. Impact of Age of Onset, Puberty, and
Glycemic Control Followed From Diagnosis on Incidence of Retinopathy in Type 1 Diabetes: The
VISS Study. Diabetes care 2019;42:609-16.

11. McCoy RG, Lipska KJ, Van Houten HK, Shah ND. Paradox of glycemic management: multimorbidity,
glycemic control, and high-risk medication use among adults with diabetes. BMJ open diabetes
research & care 2020;8:e001007.

12. Cosson E, Chiheb S, Cussac-Pillegand C, Banu I, Hamo-Tchatchouang E, Nguyen MT, et al.
Haemoglobin glycation may partly explain the discordance between HbA1c measurement and oral
glucose tolerance test to diagnose dysglycaemia in overweight/obese subjects. Diabetes &
metabolism 2013;39:118-25.

13. Rathmann W, Bongaerts B, Kostev K. Association of characteristics of people with type 2 diabetes
mellitus with discordant values of fasting glucose and HbA1c. Journal of diabetes 2018;10:934-41.

14. Cohen RM, Lindsell CJ. When the blood glucose and the HbA(1c) don't match: turning uncertainty
into opportunity. Diabetes care 2012;35:2421-3.



Page 23/29

15. Kowall B, Rathmann W. HbA1c for diagnosis of type 2 diabetes. Is there an optimal cut point to
assess high risk of diabetes complications, and how well does the 6.5% cutoff perform? Diabetes,
metabolic syndrome and obesity : targets and therapy 2013;6:477-91.

1�. International Expert Committee. International Expert Committee report on the role of the A1C assay in
the diagnosis of diabetes. Diabetes Care 2009;32:1327-34.

17. W Garry John Clinical Biochemist, Rowan Hillson MBE National Clinical Director for Diabetes, Sir
George Alberti Chair Diabetes UK, expert group*. Use of haemoglobin A1c (HbA1c) in the diagnosis of
diabetes mellitus. The implementation of World Health Organisation (WHO) guidance 2011. Practical
Diabetes International 2012;29:12-a.

1�. Cohen RM, Franco RS. Can Red Blood Cell Indices Act as Surrogate Markers for Discordance between
Hemoglobin A1c and Fasting Blood Glucose? Clinical chemistry 2016;62:1551-3.

19. Rodriguez-Segade S, Garcia JR, García-López JM, Gude F, Casanueva FF, Rs-Alonso S, Camiña F.
Impact of Mean Cell Hemoglobin on Hb A1c-De�ned Glycemia Status. Clinical chemistry
2016;62:1570-8.

20. Rodríguez-Segade S, Rodríguez J, Mayan D, Camiña F. Plasma albumin concentration is a predictor
of HbA1c among type 2 diabetic patients, independently of fasting plasma glucose and
fructosamine. Diabetes care 2005;28:437-9.

21. Jagadeeshaprasad MG, Venkatasubramani V, Unnikrishnan AG, Kulkarni MJ. Albumin Abundance
and Its Glycation Status Determine Hemoglobin Glycation. ACS omega 2018;3:12999-3008.

22. Bhonsle HS, Korwar AM, Kote SS, Golegaonkar SB, Chougale AD, Shaik ML, et al. Low plasma
albumin levels are associated with increased plasma protein glycation and HbA1c in diabetes.
Journal of proteome research 2012;11:1391-6.

23. Standards of Medical Care in Diabetes-20192. Classi�cation and Diagnosis of Diabetes. Diabetes
care 2019;42:S13-S28.

24. Lee E, Eom JE, Jeon KH, Kim TH, Kim E, Jhon GJ, Kwon Y. Evaluation of albumin structural
modi�cations through cobalt-albumin binding (CAB) assay. Journal of pharmaceutical and
biomedical analysis 2014;91:17-23.

25. Rabbani G, Ahn SN. Structure, enzymatic activities, glycation and therapeutic potential of human
serum albumin: A natural cargo. International journal of biological macromolecules 2019;123:979-
90.

2�. Kielmas M, Szewczuk Z, Stefanowicz P. A study on human serum albumin in�uence on glycation of
�brinogen. Biochemical and biophysical research communications 2013;439:78-83.

27. English E, Idris I, Smith G, Dhatariya K, Kilpatrick ES, John WG. The effect of anaemia and
abnormalities of erythrocyte indices on HbA1c analysis: a systematic review. Diabetologia
2015;58:1409-21.

2�. Tanemoto M. The analysis of hemoglobin A1c in dialysis patients should include the variables that
re�ect the erythrocyte turnover. Kidney international 2018;94:220-1.

29. Bloomgarden Z, Handelsman Y. How does CKD affect HbA1c? Journal of diabetes 2018;10:270.



Page 24/29

30. Goldstein DE, Little RR. More than you ever wanted to know (but need to know) about
glycohemoglobin testing. Diabetes care 1994;17:938-9.

31. Gallagher EJ, Le Roith D, Bloomgarden Z. Review of hemoglobin A(1c) in the management of
diabetes. Journal of diabetes 2009;1:9-17.

32. Wu L, Lin H, Gao J, Li X, Xia M, Wang D, et al. Effect of age on the diagnostic e�ciency of HbA1c for
diabetes in a Chinese middle-aged and elderly population: The Shanghai Changfeng Study. PloS one
2017;12:e0184607.

33. Kim KJ, Lee BW. The roles of glycated albumin as intermediate glycation index and pathogenic
protein. Diabetes & metabolism journal 2012;36:98-107.

34. Neelofar K, Arif Z, Ahmad J, Alam K. Non-enzymatic glucosylation induced neo-epitopes on human
serum albumin: A concentration based study. PloS one 2017;12:e0172074.

35. Hou C, Carter B, Hewitt J, Francisa T, Mayor S. Do Mobile Phone Applications Improve Glycemic
Control (HbA1c) in the Self-management of Diabetes? A Systematic Review, Meta-analysis, and
GRADE of 14 Randomized Trials. Diabetes care 2016;39:2089-95.

3�. Schwandt A, Best F, Biester T, Grünerbel A, Kopp F, Krakow D, et al. Both the frequency of HbA testing
and the frequency of self-monitoring of blood glucose predict metabolic control: A multicentre
analysis of 15 199 adult type 1 diabetes patients from Germany and Austria. Diabetes/metabolism
research and reviews 2017;33:e2908.

Figures



Page 25/29

Figure 1

Flow chart of the study population.
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Figure 2

Quintiles of serum albumin levels and HbA1c value. Quintiles of serum albumin levels and HbA1c in total
participants.
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Figure 3

The curved lines illustrate the association between the serum albumin levels and HbA1c. A threshold,
nonlinear association between serum albumin levels (per 2 g/L increment) and HbA1c was found (P<
0.0001) using a generalized additive model.The model wasadjusted for gender, age, BMI, pulse, SBP,DBP,
TG,HDL-CH, LDL-CH, FPG, RBC, HCT, MCH, MCHC, ALT, AST, TP, DBIL, creatinine, BUN, and UA.
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Figure 4

Quintiles of serum albumin levels and HbA1c-de�ned glycemia status.
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Figure 5

Quintiles of serum albumin levels and FPG-de�ned glycemic status.


