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Purpose: Subclinical inflammation may be involved in the pathogenesis of diabetic cardiac autonomic neuropathy (DCAN). The
purpose of the study is to explore the relationship between novel inflammation biomarkers fibrinogen-albumin ratio (FAR), fibrinogen-
prealbumin ratio (FPR), and DCAN in type 2 diabetes mellitus (T2DM).

Patients and Methods: A total of 715 T2DM patients were enrolled in this retrospective study, divided into non-DCAN (n=565) and
DCAN (n=150) groups by Ewing’s test. Serum fibrinogen, albumin, prealbumin, routine inflammatory and other biochemical markers
were measured.

Results: Patients with versus without DCAN had higher FAR (10.29 + 4.83 vs 7.22 + 2.56 g/g, P < 0.001) and FPR (2.19 £ 1.85 vs
1.43 £0.93 g/mg, P <0.001). As FAR and FPR quartiles increased, the incidence of DCAN increased (Quartile 1 vs Quartile 4: 8.4 vs
42.7%, 9.6 vs 39.2%, respectively, P < 0.001), heart rate variability parameters decreased (P < 0.001); the incidence of diabetic
nephropathy, retinopathy and peripheral neuropathy tended to be higher and inflammation factors were more active (P < 0.01). FAR
(OR, 95% CI: 1.16, 1.08-1.25, P < 0.001) and FPR (OR, 95% CI: 1.22, 1.03-1.44, P = 0.021) were independent determinants of
DCAN; the risk of DCAN increased by approximately 65% and 27% with each increase in the standard deviation (SD) of FAR (OR
per SD, 95% CI: 1.65, 1.29-2.11, P < 0.001) and FPR (OR per SD, 95% CI: 1.27, 1.04-1.56, P = 0.021).

Conclusion: FAR and FPR are independent risk factors and may influence DCAN development through inflammation.

Keywords: type 2 diabetes mellitus, diabetic cardiac autonomic neuropathy, inflammation, fibrinogen-albumin ratio, fibrinogen-
prealbumin ratio

Introduction
Diabetic neuropathy is one of the most prevalent chronic complications of diabetes mellitus (DM), of which diabetic
cardiac autonomic neuropathy (DCAN) is a significant subtype. The incidence of DCAN rises annually as DM advances,
reaching a prevalence of up to 60% after 15 years of disease occurrence.' Early DCAN is easy to be overlooked due to
symptoms and signs lacking clinical specificity, thus resulting in a low diagnosis rate. Rest tachycardia, orthostatic
hypotension and exercise intolerance may occur as the disease worsens, syncope, asymptomatic myocardial infarction or
even sudden cardiac death may occur in severe cases.”

Previous studies have shown that inflammation is closely linked to type 2 diabetes mellitus (T2DM) and plays
a crucial role in its progression.“’5 Yan et al showed that patients with T2DM were in a state of increased burden of low-
grade inflammation over time and had elevated levels of systemic inflammation markers.® Similarly, low-grade inflam-
mation is important in the development of chronic diabetic complications, such as diabetic nephropathy,’ retinopathy,®
and neuropathy.’ Several studies have confirmed that the onset and development of many cardiovascular diseases are
closely related to inflammation.'® For example, patients with coronary heart disease are in a state of increased
inflammatory load."' Taken together, chronic inflammation may be involved in the occurrence and progression of DCAN.
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Fibrinogen (FIB) is a positive-phase reaction protein,'? which stimulates pro-inflammatory cells to produce inflamma-
tory cytokines and drive inflammatory reaction.'® Albumin (ALB) and prealbumin (PALB) are negative-phase reactants and
can enhance catabolism to resist inflammation reaction.'* PALB reflects short-term inflammatory alterations more accu-
rately than ALB given its shorter half-life.'> FIB and ALB based markers are novel inflammatory predictors for multiple
diseases.'®'” Considering the combination of these two indicators that vary in function in opposite directions, the ratio
amplifies the signal of inflammation. The ratio tends to be more accurate in reflecting the inflammatory state because its less
variable and less vulnerable to different pathophysiologic conditions. In response to various inflammatory disorders, the
adoption of composite markers has increased based on the potential advantages of ratio.'®?' The present study was
conducted, aiming to investigate if there is an association between increased fibrinogen-albumin ratio (FAR) or fibrinogen-
prealbumin ratio (FPR) and the occurrence and severity of DCAN in patients with T2DM.

Materials and Methods
Study Subjects

Totally 715 patients who met the diagnosis of T2DM according to the American Diabetes Association (ADA) standards,
aged 18-80 years, and were registered as inpatients at the Department of Endocrinology in the First Affiliated Hospital of
Chongging Medical University were randomly enrolled in this cross-sectional study. We excluded those with severe hepatic
and renal impairment (serum alanine aminotransferase (ALT) or aspartate aminotransferase (AST) levels >3 times the upper
limit of normal or patients with eGFR<30 mL/min/1.73 m?), acute and chronic infection, severe respiratory disease,
malignant tumor, severe arrhythmias, heart failure, abnormal thyroid function, blood disease, surgery, trauma, long-term
alcohol abuse, poisoning, use of drugs that affect vascular function, etc. Patients with acute complications of DM (such as
diabetic ketosis and hyperglycemic hyperosmolar state) and who were pregnant or lactating were also excluded. The study
was approved by the Research Ethics Committee of Chongqing Medical University and was conducted in accordance with
the Declaration of Helsinki. All volunteers have signed informed consent.

Clinical Assessment

Each patient underwent a routine history and physical examination according to standard procedure, during which the
following information was collected: sex, age and height, weight, blood pressure, heart rate (HR), diabetes duration,
history of hypertension, and the presence of other diabetic complications, including DN, diabetic retinopathy (DR) and
DPN. Individual BMI was calculated as weight (kg)/height (m?). Early morning venous blood was drawn from the
antecubital vein after the patients fasted for 8 to 10h. Cobas biochemical analyzer (Cobas ¢701; Roche, Germany) was
used to determine fasting blood glucose (FBG) levels, serum ALB, PALB, AST, ALT, glutamyl-transferase (GGT) and
hs-CRP levels. High-pressure liquid chromatography was used to determine glycated hemoglobin (HbAlc) levels
(Trinity Biotech, PremierHb9210, Ireland). An automatic blood cell analyzer (XN-1000i; Sysmex, Japan) was used to
measure platelet count, white blood cell count (WBC), neutrophil count (NEU), lymphocyte count (LY) and monocyte
count (MONO). STA-Revolution coagulation analyzer (STAGO medical company; France) was used to measure FIB
level. HITACHI analyzer (HITACHI-7080; Tokyo, Japan) was used to measure serum creatinine (SCr) and uric acid
(UA) levels. Enzymatic assay was used to determine fasting serum total cholesterol (TC), triglyceride (TG), HDL
cholesterol and LDL cholesterol. FAR (Fibrinogen/Albumin*100 g/g), FPR (Fibrinogen/Prealbumin*100 g/mg), PLR
(Platelet/Lymphocyte), NLR (Neutrophil/Lymphocyte) and LMR (Neutrophil/Monocytes) were calculated. The estimated
glomerular filtration rate (¢eGFR) was computed using the formula in Modification of Diet in Renal Disease (MDRD II)
as eGFR (mL/min/1.73m?) = 186x(SCr) "'**x(Age) °2%x0.742 (if female).

Examination of Diabetic Cardiac Autonomic Neuropathy

DCAN was assessed by Ewing cardiovascular reflex test to analyze heart rate responses during deep breathing and the
Valsalva maneuver.”> Antihistamines, diuretics and beta-blockers should have not been taken two days prior to the test, and
patients should have abstained from smoking and consuming strong tea, caffeinated beverages and alcohol the day before
and on the day of the test. All patients were tested in a calm setting. The difference between the maximum and minimum
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heart rates while deep breathing (DB) was evaluated and grouped: DB > 15 beats/min as normal (Group dbl), between 10—
15 beats/min as critical (Group db2), and DB < 10 beats/min as abnormal (Group db3). The ratio of the longest to shortest
R-R interval was used to measure the heart rate response to the Valsalva maneuver (VAL) and grouped: VAL>1.21 as
normal (Group vall), VAL between 1.10-1.21 as critical (Group val2), and VAL<1.10 as abnormal (Group val3). DCAN
diagnosis was confirmed by both conditions above being abnormal or one abnormal and one critical value, and both
conditions being critical or one normal and one abnormal value was considered as pre-DCAN.

Statistical Analyses

Statistical analyses were performed using SPSS statistical software version 26.0 (SPSS, Chicago, USA), and graphs were
drawn using GraphPad Prism version 7.0 (GraphPad Software, USA). The Shapiro—Wilk test was used for normality test.
Normally distributed continuous variables were expressed as mean + standard deviation. Student’s #-test was used for
comparison between the two groups. Analysis of variance (ANOVA) was used for comparison among multiple groups,
and the Welch test was used when the data did not conform to the homogeneity of variance. Non-normally distributed
continuous variables were expressed using the interquartile range; the Mann—Whitney U-test was used for the compar-
ison of differences between two groups, and the Kruskal-Wallis test was applied for comparison among multiple groups.
Categorical variables were expressed as rates, and the y° test was used for comparison between groups. Univariate and
multivariate analyses were performed by applying logistic regression models to estimate the odds rate (OR) and 95%
confidence intervals (CI) to determine risk factors for the occurrence of DCAN. A P-value < 0.05 was considered
statistically significant (two-sided).

Results

Baseline Patient Characteristics and Laboratory Results

In this study, 150 cases (20.98%) of 715 T2DM patients were combined with DCAN, and biochemical and clinical
characteristics are shown in Table 1. Compared with non-DCAN patients, DCAN patients were older, had a longer
duration of DM, higher levels of HbAlc, FBG, SBP, faster HR, and more than half of them had hypertension (60.7 vs
47.3%, P =0.002), DPN (76.0 vs 36.8%, P < 0.001), DN (51.3 vs 20.5%, P < 0.001) or DR (63.3 vs 27.4%, P < 0.001).

Table | Comparison of Clinical Characteristics Between T2DM Patients with
and without DCAN

Variable Non-DCAN DCAN P-value
Patients (n) 565 150
Male/female (%) 350/215 (62/38) 105/45 (70/30) 0.068
Age (years) 56.13 + 10.32 57.90 + 791 0.024
Duration (years) 10 (3, 14) 10 (6, 17) 0.001
BMI (kg/m?) 24.12 + 3.24 24.34 + 3.57 0.458
SBP (mmHg) 133.25 £ 17.47 138.65 £ 20.49 0.003
HR (beats/min) 86.45 + 12.52 89.92 + 11.56 0.002
FBG (mmol/L) 7.60 (6.05, 11.70) 11.15 (7.35, 14.43) | <0.001
HbAlc (%) 9.17 £ 233 9.93 +2.53 0.001
TG (mmol/L) 1.45 (0.98, 2.30) 1.47 (1.10, 2.24) 0.496
TC (mmol/L) 422 + 1.20 421 £ 1.19 0.896
LDL-C (mmol/L) 2.55 £ 0.97 2.49 + 1.00 0513
HDL-C (mmol/L) 1.08 + 0.34 1.05 £ 0.30 0.324
ALT (U/L) 18 (13, 27) 16 (12.75, 25.25) 0.239
AST (U/L) 16 (13, 21) 16 (13, 22.25) 0.962
GGT (U/L) 23 (16, 38) 27.5 (18.75, 50.50) | 0.008
SCr (umol/L) 65 (53.5, 78) 73 (59.75, 94.25) <0.001
(Continued)
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Table | (Continued).

Variable Non-DCAN DCAN P-value
UA (mmol/L) 321.51 + 95.20 34524 + 101.30 0.008
eGFR (mL/min/1.73 m?) | 108.62 + 27.53 96.21 * 34.48 <0.001
Hs-CRP (mg/L) .15 (0.52, 2.50) 1.86 (0.68, 3.68) <0.001
WBC (x10°/L) 6.51 % 1.46 6.77 £ 1.55 0.053
NEU (x10°/L) 415 1.19 449 129 0.002
LY (x10°/L) 1.78 £ 0.59 1.65 % 0.60 0.014
MONO (x10%/L) 042 +0.14 0.44 £ 0.15 0.091
PLR 124.80 * 56.66 138.50  65.30 0.011
NLR 248 + 131 301 £ 16l 0.001
LMR 455+ 1.68 411 £2.12 0.008
FIB (g/L) 3.00 £ 0.88 3.89 £ 1.46 <0.001
ALB (g/L) 4229 + 3.89 39.49 + 5.07 <0.001
PALB (mg/L) 231.46 % 51.20 213.71 £ 57.35 0.001
FAR (g/g) 7.22 + 256 10.29 + 4.83 <0.001
FPR (g/mg) 1.43 £ 0.93 2.19 % 1.85 <0.001
Hypertension n (%) 267 (47.3) 91 (60.7) 0.002
DPN n (%) 208 (36.8) 114 (76.0) <0.001
DN n (%) 116 (20.5) 77 (51.3) <0.001
DR n (%) 155 (27.4) 95 (63.3) <0.001

Notes: Data were presented as means + SD, n (%), or interquartile range. Bolded font indicates P < 0.05.
Abbreviations: BMI, body mass index; SBP, systolic blood pressure; HR, heart rate; FBG, fasting
blood glucose; HbAlc, glycated hemoglobin Alc; TC, total cholesterol; TG, triglyceride; HDL-C,
high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; Hs-CRP, hypersen-
sitive C-reactive protein; WBC, white blood cell; NEU, neutrophil count; LY, lymphocyte count;
MONO, monocytes count; PLR, platelet-to-lymphocyte ratio; NLR, neutrophil-to-lymphocyte ratio;
LMR, neutrophil-to-monocytes ratio; FIB, fibrinogen; ALB, albumin; PALB, prealbumin; FAR, fibrino-
gen-to-albumin ratio; FPR, fibrinogen-to-prealbumin ratio; ALT, alanine aminotransferase; AST, aspar-
tate aminotransferase; GGT, glutamyl-transferase; SCr, serum creatinine; UA, uric acid; eGFR,
estimated glomerular filtration rate; DPN, diabetic peripheral neuropathy; DN, diabetic nephropathy;
DR, diabetic retinopathy. DCAN diagnosed diabetic cardiac autonomic neuropathy. No-DCAN
diabetic patients without DCAN. Pre-DCAN diabetic patients with subclinical DCAN. Non-DCAN
includes No-DCAN and Pre-DCAN.

FIB was elevated, ALB and PALB were decreased in DCAN patients (P < 0.01), FAR (10.29 £+ 4.83 vs 7.22 £+ 2.56g/g,
P <0.001) and FPR (2.19 + 1.85 vs 1.43 £ 0.93g/mg, P < 0.001) were significantly higher than non-DCAN patients. As
for the inflammatory status, DCAN patients had higher levels of hs-CRP, NEU, PLR and NLR, and lower levels of LY
and LMR (P < 0.05 or 0.01).

Patient Characteristics According to FAR and FPR Quartiles

Baseline characteristics of diabetic complications and inflammatory indexes according to FAR and FPR quartiles are
shown in Table 2. The prevalence of DCAN tended to increase, while the heart rate response indexes, DB and VAL,
decreased with the increasing FAR and FPR quartiles; the incidence of DPN, DN and DR tended to be higher in those
with higher FAR and FPR (P < 0.001 or P = 0.001). Notably, patients in the highest quartile of FAR and FPR had the
highest proportion of comorbidities, with nearly half of them with combined DCAN (42.7%, 39.2%), DN (46.6%,
38.1%) or DR (49.4%, 48.3%), and more than 60% with combined DPN (65.7%, 63.6%). In addition, patients with
higher FAR and FPR had higher levels of serum inflammatory markers including hs-CRP, WBC, NEU, MONO, PLR and
NLR, but lower levels of LY and LMR (all P < 0.01).

Binary Logistic Regression Analysis
The relationships between FAR, FPR and the risk of DCAN are shown in Table 3. We excluded the effect of covariates
and finally included the following potentially relevant factors for multifactorial regression analysis. After adjusting for

3252

Dove!

Diabetes, Metabolic Syndrome and Obesity 2023:16


https://www.dovepress.com
https://www.dovepress.com

a0

91:£70T 4S99 PUE SWOIPUAS dI|oqeId)y ‘s239qel(

:sdyy

€9C¢

Table 2 Characteristics of Patients According to FAR and FPR Quartiles

Category FAR (g/g) P-value FPR (mg/g) P-value
Ql (< 5.80) Q2 (5.80-7.00) | Q3 (7.01-8.67) | Q4 (=8.68) Ql (<1.03) Q2 (1.03-1.29) | Q3 (1.30-1.67) | Q4 (= 1.68)

Patients (n) 179 179 179 178 178 181 180 176

Hs-CRP (mg/L) 0.76 (0.37, 1.98) | 0.89 (0.43, 1.93) | 1.18 (0.66, 2.89) | 2.81 (1.26, 4.20) | <0.001 | 0.65 (0.35, 1.65) | 1.00 (0.50, 2.33) | 1.27 (0.68, 2.91) | 2.54 (1.24, 4.05) | <0.001
WBC (x10%/L) 6.28 + 1.40 6.40 + 1.42 6.66 + 1.44 691 + 1.60 <0.001 | 6.31 = 1.40 6.48 + 1.45 6.71 + 1.45 6.75 £ 1.59 0.014
NEU (x10°/L) 391 £ 1.10 4.05 £ |.14 431 = 111 4.62 + 1.38 <0.001 | 392 I.14 4.09 £ I.11 434 £ |.15 454 + 1.37 <0.001
LY (x10%/L) 1.80 + 0.59 1.78 + 0.60 1.78 + 0.60 1.66 + 0.59 0.119 1.80 + 0.56 1.80 + 0.62 1.78 + 0.63 1.63 + 0.55 0.022
MOMO (x10°/L) 0.39 £0.13 0.42 £ 0.12 0.42 £ 0.15 0.45 £ 0.15 0.001 0.40 £ 0.13 042 £ 0.14 042 £ 0.14 0.44 £ 0.15 0.090
PLR 11553 + 46.29 122.26 + 53.34 124.22 £+ 61.78 148.80 £6 6.72 | <0.001 118.63 + 48.60 121.59 £ 62.36 126.28 + 52.70 144.50 + 66.84 | <0.001
NLR 241 £ 1.17 2.55 + 1.20 2.75 + 1.45 3.15 £ 1.59 <0.001 | 241 +£1.25 254+ 1.10 2.77 + 1.38 3.14 + 1.67 <0.001
LMR 490 + 1.78 439 + 1.44 4.58 + 1.97 3.95 £ 1.8l <0.001 | 479 % 1.67 451 £ 1.66 444 £ 1.76 4.08 + 2.00 0.002
DB (beats/min) 16 (11, 23) 14 (10, 21) 13 (9, 20) 9 (6, 15) <0.001 15 (11, 22) 14 (9, 20) 13 (7, 16) 9 (7, 16) <0.001
VAL 1.38 (1.20, 1.50) | 1.29 (1.19, 1.48) | 1.29 (1.18, 1.44) | 1.19 (1.12, 1.38) | <0.001 1.37 (1.22, 1.46) | 1.30 (1.17, 1.50) | 1.28 (1.17, 1.44) | 1.20 (1.12, 1.33) | <0.001
DCAN n (%) 15 (8.4) 29 (16.2) 30 (16.8) 76 (42.7) <0.001 17 (9.6) 33 (18.2) 31 (17.2) 69 (39.2) <0.001
DPN n (%) 62 (34.6) 73 (40.8) 70 (39.1) 117 (65.7) <0.001 | 66 (37.1) 71 (39.2) 73 (40.6) 112 (63.6) <0.001
Hypertension n (%) | 96 (53.6) 85 (47.5) 84 (46.9) 93 (52.2) 0.490 104 (58.4) 81 (44.8) 87 (48.3) 86 (48.9) 0.062
DN n (%) 35 (19.6) 32 (17.9) 43 (24.0) 83 (46.6) <0.001 | 37 (20.8) 39 (21.5) 50 (27.8) 67 (38.1) 0.001
DR n (%) 44 (24.6) 61 (34.1) 57 (31.8) 88 (49.4) <0.001 | 44 (24.7) 61 (33.7) 60 (33.3) 85 (48.3) <0.001

Notes: Data were presented as means + SD, n (%), or interquartile range. Bolded font indicates P < 0.05. The FAR and FPR quartiles were recorded as low quartile (Q1), middle quartile (Q2), high quartile (Q3), and the highest quartile
@4

Abbreviations: FAR, fibrinogen-to-albumin ratio; FPR, fibrinogen-to-prealbumin ratio; Hs-CRP, hypersensitive C-reactive protein; WBC, white blood cell; NEU, neutrophil count; LY, lymphocyte count; MONO, monocytes count; PLR,
platelet-to-lymphocyte ratio; NLR, neutrophil-to-lymphocyte ratio; LMR, neutrophil-to-monocytes ratio; DB, the difference between the maximum and minimum heart rates during deep breathing; VAL, the ratio of the longest to
shortest R-R interval during the Valsalva maneuver; DCAN, diabetic cardiac autonomic neuropathy; DPN, diabetic peripheral neuropathy; DN, diabetic nephropathy; DR, diabetic retinopathy.
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Table 3 Odds Ratio for Diabetic Cardiac Autonomic Neuropathy

Model FAR P-value FPR P-value
OR (95% CI) OR (95% CI)

MI 1.26 (1.19, 1.33) <0.001 1.57 (1.34, 1.85) <0.001

M2 1.26 (1.18, 1.33) <0.001 1.53 (1.29, 1.82) <0.001

M3 1.23 (1.15, 1.30) <0.001 1.44 (1.21, 1.70) <0.001

M4 1.22 (1.14, 1.31) <0.001 1.36 (1.14, 1.61) 0.001

M5 1.16 (1.08, 1.25) <0.001 1.22 (1.03, 1.44) 0.021

Notes: Bolded font indicates P < 0.05. M| unadjusted. M2 includes age, sex, BMI, duration,
FBG, HbA ¢, SBP and HR in addition to the predictors of MI. M3 includes ALT, AST, GGT, UA
and SCr in addition to the predictors of M2. M4 includes Hs-CRP, NLR, PLR and LMR in
addition to the predictors of M3. M5 includes hypertension, DPN, DN and DR in addition to
the predictors of M4.

Abbreviations: FAR, fibrinogen-to-albumin ratio; FPR, fibrinogen-to-prealbumin ratio.

various risk factors including age, sex, BMI, duration, FBG, HbAlc, SBP, HR, ALT, AST, GGT, UA, SCr and
inflammatory indicators including hs-CRP, NLR, PLR, LMR, FAR (OR:1.22; 95% CI: 1.14-1.31; P < 0.001) and FPR
(OR:1.36; 95% CI:1.14-1.61; P = 0.001) were positively associated with the presence of DCAN (Table 3, model 4).
After performing an additional correction for comorbidities including hypertension, DN, DR and DPN, FAR (OR:1.16;
95% CI:1.08-1.25; P <0.001) and FPR (OR:1.22; 95% CI: 1.03—1.44; P = 0.021) were positively correlated with DCAN
and remained an independent risk factor for the presence of DCAN (Table 3, model 5).

Binary Logistic Regression Analysis According to FAR and FRP Quartiles

The risk of DCAN according to FAR and FPR quartiles was assessed as shown in Table 4. FAR (OR per SD:1.65; 95%
CI:1.29-2.11; P < 0.001) and FPR (OR per SD:1.27; 95% CI:1.04-1.56; P = 0.021) were considered as continuous
variables, the prevalence of DCAN increased by approximately 65% and 27% with each increase in standard deviation

Table 4 Odds Ratio for DCAN According to FAR and FRP Quartiles

Model Quartile FAR P-value P for trend FPR P-value P for trend
OR (95% Cl) OR (95% CI)
M Per SD increase 2.21 (1.83, 2.67) <0.001 <0.001 1.74 (1.42, 2.12) <0.001 <0.001
Ql | (reference) - | (reference) -
Q2 2.11 (1.09, 4.10) 0.027 2,11 (1.13, 3.95) 0.019
Q3 2.20 (1.14, 4.25) 0.019 1.97 (1.05, 3.71) 0.035
Q4 8.15 (4.44, 14.94) <0.001 6.11 (3.41, 10.96) <0.001
M2 Per SD increase 2.17 (1.78, 2.66) <0.001 <0.001 1.68 (1.36, 2.07) <0.001 <0.001
Ql | (reference) - | (reference) -
Q2 1.81 (0.91, 3.58) 0.089 2.08 (1.87, 3.98) 0.027
Q3 1.90 (0.95, 3.76) 0.068 1.90 (0.98, 3.69) 0.056
Q4 6.76 (3.59, 12.74) <0.001 6.13 (3.27, 11.52) <0.001
M3 Per SD increase 2.00 (1.62, 2.47) <0.001 <0.001 1.56 (1.27, 1.91) <0.001 <0.001
Ql | (reference) - | (reference) -
Q2 1.84 (0.92, 3.67) 0.086 1.78 (0.92, 3.45) 0.086
Q3 1.69 (0.84, 3.39) 0.143 1.53 (0.78, 3.02) 0.217
Q4 5.09 (2.64, 9.81) <0.001 429 (2.23, 8.24) <0.001
M4 Per SD increase 1.97 (1.56, 2.48) <0.001 <0.001 1.45 (1.18, 1.78) 0.001 0.001
Ql | (reference) - | (reference) -
Q2 1.81 (0.90, 3.64) 0.096 1.71 (0.88, 3.33) 0.114
Q3 1.60 (0.79, 3.23) 0.192 1.43 (0.72, 2.84) 0.305
Q4 4.48 (2.23, 8.98) <0.001 3.60 (1.79, 7.21) <0.001
(Continued)
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Table 4 (Continued).

Model Quartile FAR P-value P for trend FPR P-value P for trend
OR (95% CI) OR (95% CI)
M5 Per SD increase 1.65 (1.29, 2.11) <0.001 0.001 1.27 (1.04, 1.56) 0.021 0.006
Ql | (reference) - | (reference) -
Q2 1.65 (0.80, 3.42) 0.177 1.88 (0.94, 3.78) 0.076
Q3 1.55 (0.74, 3.23) 0.242 1.41 (0.68, 2.91) 0.355
Q4 3.06 (1.46, 6.40) 0.003 2.76 (1.32, 5.77) 0.007

Notes: Bolded font indicates P < 0.05. The FAR and FPR quartiles were recorded as low quartile (QI), middle quartile (Q2), high quartile (Q3), and the
highest quartile (Q4). M1 unadjusted. M2 includes age, sex, BMI, duration, FBG, HbA ¢, SBP and HR in addition to the predictors of MI. M3 includes ALT, AST,
GGT, UA and SCr in addition to the predictors of M2. M4 includes Hs-CRP, NLR, PLR and LMR in addition to the predictors of M3. M5 includes hypertension,
DPN, DN and DR in addition to the predictors of M4.

Abbreviations: FAR, fibrinogen-to-albumin ratio; FPR, fibrinogen-to-prealbumin ratio.

after adjusting for multiple influence factors mentioned above. When grouped by FAR (OR:3.06; 95% CI:1.46-6.40; P =
0.003) and FPR (OR:2.76; 95% CI:1.32-5.77; P = 0.007) quartiles, using Quartile 1 as the control group, the risk of
DCAN in Quartile 4 increased approximately 2-fold and 1.8-fold compared to Quartile 1 (Table 4, model 5).

Subgroup Analysis

The relationship of FAR and FPR with different subgroups of DB, VAL and DCAN is presented in Figure 1. The results
showed that FAR and FPR levels were higher in patients with lower HRV. FAR and FPR levels were significantly higher
in db3 compared to dbl and db2 (P < 0.001), and there was an increasing trend of FAR and FPR in db2 compared to dbl
but not statistically significant (P > 0.05). Compared to vall, the levels of FAR and FPR increased in val2 (P < 0.01) and
further increased in val3 (P < 0.001). The increase of FAR and FPR in val3 compared with val2 was statistically
significant (P < 0.05). Similarly, FAR and FPR levels were significantly higher in patients with confirmed DCAN
compared to patients with no-DCAN and subclinical DCAN (P < 0.001); however, there was no significant difference
between no-DCAN and subclinical DCAN patients (P > 0.05).
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Figure | Evaluate the levels of FAR and FPR in different subgroups (median with 95% CI).

Notes: ns P > 0.05; * P < 0.05; ** P < 0.01; *** P < 0.001. FAR levels in different subgroups (A). FPR levels in different subgroups (B). DB: the difference between the
maximum and minimum heart rates during deep breathing. DB 2 |5 as normal (dbl), between 1015 as critical (db2), DB < 10 as abnormal (db3). VAL: the ratio of the
longest to shortest R-R interval during the Valsalva maneuver. VAL 2 1.21 as normal (vall), between 1.10-1.21 as crucial (val2), VAL < 1.10 as abnormal (val3). DCAN:
diagnosed DCAN. No-DCAN: diabetic patients without DCAN. Pre-DCAN: diabetic patients with subclinical DCAN. Non-DCAN includes No-DCAN and Pre-DCAN.
Abbreviations: FAR, fibrinogen-to-albumin ratio; FPR, fibrinogen-to-prealbumin ratio.

https:

Diabetes, Metabolic Syndrome and Obesity 2023:16 3255

Dove:


https://www.dovepress.com
https://www.dovepress.com

Zhao et al Dove

Discussion

To our knowledge, this is the first evidence presented that FAR and FPR are closely associated with DCAN in patients
with T2DM. The levels of FAR and FPR were considerably increased in patients with DCAN and independently
associated with DCAN even after controlling for confounding variables. The higher FAR and FPR, the more pronounced
the decrease in DB and VAL; FAR and FPR may involve in the pathogenesis of DCAN through inflammation and reflect
the severity of DCAN.

In this study, males had a higher incidence of DCAN than females did (23.08 vs 17.31%). Generally, gender
differences have been found in the prevalence of DCAN, with males suffering autonomic injury earlier and more
severely than females.”® Notably, female participants were older than male participants (57.30+10.24 vs 56.05+9.67
years), and female participants with DCAN were older than male individuals (57.13+10.74 vs 55.52+10.02 years). We
did observe that patients with DCAN were older, had a longer duration of DM and higher prevalence of other chronic
complications. These observations are consistent with previous findings.>**> Therefore, we speculate that there was no
significant gender difference in the occurrence of DCAN, which may be due to the age factor exerting a great impact on
DCAN.

Elevated FIB can activate the inflammatory response,'? while ALB and PALB undergo enhanced catabolism under
inflammatory stimuli. Recent studies have demonstrated that high FAR is associated with an increased risk of cardio-
vascular disease'® and DN in T2DM patients.'”?® Another cross-sectional research revealed that T2DM patients with
lower AFR and PFR had a higher incidence of DPN.?° Consistently, we found that high FIB level was a risk factor for
DCAN, and elevated ALB and PALB were protective factors. The incidence of DR, DN or DPN was significantly
increased in T2DM patients with higher FAR or FPR, with nearly half of patients in the highest quartile suffering from
DN, DR or DCAN, and more than half with DPN. The proportion of patients with multiple microvascular complications
was significantly increased in patients with higher FAR and FPR. Combined with FIB’s role in activating inflammatory
responses, enhancing oxidative stress, and promoting intravascular lipid deposition and thrombosis.”” Low ALB leads to
increased blood viscosity, vascular endothelial cell damage, platelet activation and aggregation, and is strongly associated
with the development of cardiovascular pathologies and adverse events.”® Therefore, FAR and FPR may be important
predictors of multiple microvascular complications.

FAR and FPR were more reliable than their individual computation to reflect inflammatory status in the evidence of
previous research. Wang et al discovered that FAR was considerably higher in those with DN and more accurately
reflected the risk of DN than FIB and ALB.'? Patients with high FAR had more severe inflammatory reactions and were
at a higher risk of thrombosis.'® FAR showed more sensitivity and specificity in the detection of the onset of coronary
artery lesions than FIB and ALB.'®?’ Similarly, in cancer studies, FAR has been shown to be a better prognostic factor
than fibrinogen and albumin alone in predicting the occurrence and progression of a variety of malignant tumors.**>? We
speculate the possible reason is that FAR and FPR combine two indicators with opposite variation directions, thus
amplifying the inflammatory signal. The ratios are more stable with less fluctuation, then less susceptible to various
pathophysiologic states. Therefore, FAR and FPR are valuable composite markers of chronic inflammatory diseases.

Previous studies have suggested that FIB may affect heart rate response. Cooper et al included 1153 patients from the
MIDUS II cohort and discovered that patients with high FIB had lower HRV after controlling for multi-variables, but not
restricted to diabetes.”® In our study, FAR and FPR were found to be elevated in patients with DCAN and remained
independent risk factors even after multivariate correction. Notably, DB and VAL are objective physical examination
indicators and are sensitive indicators for screening DCAN currently.** Stratified by FAR and FPR quartiles, the
incidence of DCAN was the highest in the highest quartile. Additionally, FAR and FPR were slightly elevated in patients
with DB and VAL critical values and subclinical DCAN, which in patients with DB and VAL abnormal values and
clinical DCAN were further elevated, indicating that FAR and FPR may be associated with the severity of DCAN.

The association between FAR, FPR and inflammation is based on the effect of FIB in upregulating pro-inflammatory
cytokines and the protective anti-inflammatory property of ALB and PALB. Sui et al found that FIB was associated with
excessive inflammation in vivo; the serum WBC, NEU, NLR, CRP and erythrocyte sedimentation rate (ESR) were
increased, LY and MONO were decreased in patients with high FIB.*> Eckart et al found elevated CRP and increased
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inflammatory response in the plasma of patients with low ALB.*® According to recent studies, FAR was negatively
correlated with LY and positively correlated with hs-CRP, WBC, NEU and NLR.'®!? FPR was positively correlated with
NLR and PLR and negatively correlated with LMR.**> Another cross-sectional investigation discovered that those with
lower AFR had higher serum CRP and ESR.?” In our study, the differences in these classic inflammatory indicators were
monitored separately by FAR and FPR quartiles, we found that the levels of hs-CRP, NLR and PLR were higher and
LMR was lower in the highest quartile, and they were associated with the incidence of DCAN, which supported the
inflammatory effects of FAR and FPR and provided a strong basis for the role in the pathogenesis of DCAN by affecting
inflammation. It is worth noting that FAR, FPR and the above indicators were included in the multivariate regression
model simultaneously, FAR and FPR remained independently related to DCAN.

The mechanism underlying the association of FAR, and FPR with DCAN is unclear. There are some possible
explanations for DCAN’s association with FIB, ALB and PALB. First, FIB has a pro-inflammatory effect. Cellular
experiments have demonstrated that FIB can promote cytokine and chemokine production by stimulating monocytes and
leukocytes,**-**

cholinergic anti-inflammatory effects, inflammation may persist and be involved in the development and progression of

and inflammatory stimuli can cause irreversible injury to neurons and glial cells.***' The vagus nerve has

DCAN if vagal dysfunction is present.*’ Second, FIB is an unstable glycoprotein. FIB undergoes glycosylation with
glucose, through modification and conformational changes, and eventually forms advanced glycosylation end products
(AGEs). AGEs possess cytotoxic properties,** which can promote autonomic neuronal apoptosis; preventing FIB glycosy-
lation and conformational changes can effectively inhibit the progression of neuropathy.”> FIB is easily oxidized by
hyperglycemia. Enhanced oxidative stress causes impaired vasodilator secretion by vascular endothelial cells and restricted
microvascular dilation affects the nutrient transport of nerves.*** Third, FIB shows thrombotic susceptibility. Increased
FIB concentration causes blood hypercoagulation or thrombosis, then aggravating microcirculatory disorders and a further
decline in the neural blood flow.**** In addition, FIB is a negative regulator of axonal growth. Schachtrup et al found that
FIB binding to neuronal 3 integrins induces EGFR phosphorylation and inhibits axonal growth.*® Unlike FIB, ALB and

PALB have anti-inflammatory and antioxidant properties,*’**

these characteristics may confer neuroprotective effects but
the precise mechanism remains unknown. PALB under a physiological state enhances axon growth and nerve
regeneration.*’ These mechanisms suggest a possible pathophysiological relationship between FAR, FPR, and DCAN.
There are some limitations to this study. First, the study is a survey of the present state. The observed indicators are
correlated with statistical outcomes, and the cross-sectional design does not represent causal associations. Second, there
may be variability in the true relationship between FAR, FPR, and DCAN since we only included a single measurement
yet all biochemical indicators are subject to change over time. Hospitalized patients enrolled in this study had relatively
complex conditions, and selection bias was inevitable; therefore, the results of the study may not be generalizable to the
broader DM population. Despite these limitations, the single-center standardized methodology and relatively large

sample size improved the study’s reliability.

Conclusions

In summary, FAR and FPR were found to be independent predictors of DCAN in T2DM for the first time. Our data
support the important role of inflammation, FAR and FPR reflected DCAN’s severity and affected other diabetic
microvascular complications. Therefore, clinicians need to pay additional attention to the degree of inflammation in
diabetic patients, higher FAR and FPR are expected to inform early identification and clinical management of DCAN.
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