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Abstract N\
To investigate the relationship among anemia, physiological serum bilirubin levels, and cardiovascular autonomic neuropathy (CAN) in |
subjects with type 2 diabetes. In total, 2230 subjects with type 2 diabetes were evaluated in this cross-sectional study. CAN was
diagnosed with a cardiovascular reflex test. The prevalence of anemia was greater in subjects with CAN. In multivariable analysis, the
relationship between anemia and CAN remained statistically significant after adjusting for the risk factors (odds ratio [OR] 1.39; 95%
confidence interval [CI] 1.07-1.80, P=.015). Additional adjustment for serum bilirubin concentrations abolished this relationship (OR
1.20, 95% CIl 0.91-1.58, P=.189). Anemia is positively associated with the prevalence of CAN in subjects with type 2 diabetes. In
addition, our results suggest that the putative increased CAN risk associated with anemia might be mediated by a correlated
decrease in serum bilirubin levels.

Abbreviations: ALT = alanine aminotransferase, AST = aspartate aminotransferase, CAN = cardiovascular autonomic
neuropathy, Cl = confidence interval, GFR = glomerular filtration rate, Hb = hemoglobin, HbA4. = glycated hemoglobin, HR = heart

rate, OR = odds ratio, UACR = urinary albumin: creatinine ratio, ULN = upper limit of normal.
Keywords: anemia, bilirubin, diabetic neuropathies, type 2 diabetes mellitus

1. Introduction

Anemia is commonly observed in subjects with diabetes
mellitus.! Many studies have demonstrated that anemia is
linked to an increased risk for hypoxia-induced organ damage
including cardiovascular events and mortality.”) In addition,
there is a growing body of evidence indicating that anemia is a
risk factor for diabetes-associated organ damage.”! Endoneural
hypoxia has been suggested to be related with nerve injury in
diabetes.!>*

Bilirubin is a metabolite of heme and has been shown as a
potent endogenous antioxidant.”! Normal to moderately
elevated range of bilirubin levels has been demonstrated to be
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cytoprotective, while severe hyperbilirubinemia might be linked
to kernicterus in newborns."*! Previous clinical studies have
shown the inverse association between serum bilirubin concen-
trations and the risk of diabetes and diabetic microangiopathy.!®!
Recent research has reported the inverse relationship between
serum bilirubin levels and cardiovascular autonomic neuropathy
(CAN) which is a significant contributor to cardiovascular
morbidity and mortality in subjects with type 2 diabetes.[®”]
Because most serum bilirubin is formed from the breakdown of
hemoglobin (Hb),®! the impact of anemia on nerve injury might
be related to the decline in the levels of serum bilirubin with
antioxidant properties. However, the relationship among
anemia, bilirubin, and CAN has not been fully understood.
Thus, the purpose of this study was to investigate the
relationship among anemia, serum bilirubin levels within the
physiologic range, and CAN in subjects with type 2 diabetes.

2. Participants and methods

2.1. Study population

This cross-sectional study was performed from 2250 randomly
selected subjects with type 2 diabetes who visited the diabetes
clinic of our hospital between January 2014 and June 2015. The
diagnosis of type 2 diabetes was based on the “Report of the
Expert Committee on the Diagnosis and Classification of
Diabetes Mellitus.”'”! The presence of anemia was defined as a
Hb level <130g/L in men and <120g/L in women.'"
Hyperlipidemia was considered if the subject had serum levels
of total cholesterol >6.5 mmol/L and/or triglyceride >2.3 mmol/
L, or used lipid-lowering drugs. Hypertension was defined as a
blood pressure >140/90mm Hg or taking antihypertensive
agents. The information on smoking status, diabetes duration,
and other parameters related to health were collected through
standardized questionnaires. Subjects with a history of malig-
nancy, advanced renal dysfunction (serum creatinine more than
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176 wmol/L), pancreatitis, chronic liver disease including hepati-
tis B or C, liver cirrhosis, heart failure, arrhythmia, infection,
respiratory distress, thyrotoxicosis, hypothyroidism, alcoholism,
acute or chronic blood loss, hemolysis, or red blood cell
transfusion were excluded from the study. Subjects with serum
bilirubin level greater than the upper limit of normal (ULN)
(>22.2 pmol/L) and those with serum alanine aminotransferase
(ALT) or aspartate aminotransferase (AST) level above twice the
ULN (>74U/L) were also excluded from the study. Informed
consents were provided by all subjects participating in the study,
which was approved by an ethics committee of Chonnam
National University Hospital.

2.2. Methods

Venous blood samples were drawn after an overnight fast.
Glycated Hb (HbA;.) level was measured using ion exchange
liquid chromatography with a model HLC-723-GHbV apparatus
(Tosoh, Tokyo, Japan). Hb levels were measured using
cyanmethemoglobin  spectrophotometry  (Beckman-Coulter
Inc., Miami, FL). Serum concentrations of ALT and AST were
measured using the AU5407 analyzer (Olympus, Tokyo, Japan).
Serum bilirubin concentration was measured with an enzymatic
method using bilirubin oxidase on a model AU5407 automatic
analyzer (Olympus). Urinary albumin excretion was assessed
using the urinary albumin: creatinine ratio (UACR) in random
urine samples. The glomerular filtration rate (GFR) was
estimated from the Chronic Kidney Disease Epidemiology
Collaboration equation."! Nephropathy was considered as a
UACR >300mg/gCr or estimated GFR (eGFR)< 60mL/min/
1.73m?. Fundoscopy was performed after pupillary dilation to
evaluate diabetic retinopathy. CAN was investigated by analyz-
ing heart rate (HR) responses during the Valsalva maneuver,
lying-to-standing, and deep breathing using Ewing’s method, as
described previously.'*1*! The beat-to-beat variability in HR
during controlled deep breathing was estimated as ratio of the
shortest R-R interval during inspiration to the longest R-R
interval during expiration based on age-normative values,!'*15!
The HR responses to standing were determined by using the ratio
of the 15th R-R interval to the 30th R-R interval; if a value was
below 1.00, the result was defined as abnormal."* The HR
responses to the Valsalva maneuver were performed by forcefully
blowing out through a mouthpiece of a manometer at 40 mm Hg
for 15 seconds and determined by using the ratio of the longest R-
R interval to the shortest R-R interval during the test; the
abnormal test was defined as a value below 1.10.1'"*1 CAN was
defined as 2 or more abnormal HR tests according to the criteria
recommended by The Toronto Diabetic Neuropathy Expert
Group."'3! Patients were asked to avoid smoking, or consumption
of caffeinated beverages or alcohol for 12 hours before testing,
and to abstain from the use of medication including diuretic,
beta-blocker, and antihistamine for 2 days before the test. A total
of 20 patients were excluded as they could not perform 1 or more
autonomic function tests. In total, 2230 subjects were analyzed.

2.3. Statistical analysis

Statistical analyses were conducted with SPSS version 20.0 (SPSS,
Chicago, IL). For variables with a skewed distribution, the log
(base 10) transformation was performed before analysis, and these
parameters are shown as geometric mean (95 % confidence interval
[CI]). Categorical variables were analyzed using the chi-squared
test, and Mann—Whitney U test or the Student # test was used to
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analyze continuous variables. To evaluate the association between
anemia and CAN, multivariable analysis was conducted using
logistic regression models with identified covariates and previously
known risk factors. As covariates, Model 1 included sex, age,
smoking habits, body mass index (BMI), ALT, hyperlipidemia, and
hypertension. Model 2 was adjusted by Model 1 variables plus
diabetes duration, HbA., retinopathy, and nephropathy. In
addition, bilirubin was included as a covariate (Model 2a). P value
<.05 was considered to indicate statistical significance.

3. Results

The characteristics of the subjects with type 2 diabetes are
summarized in Table 1. Patients with CAN were older and had
longer diabetes duration, lower eGFR, and lower levels of serum
bilirubin, ALT, and Hb than those without CAN. The prevalence
of anemia was significantly higher in subjects with CAN than in
those without CAN. In addition, the patients with CAN were
associated with a higher prevalence of retinopathy, nephropathy,
and hypertension than those without CAN.

Table 2 shows the results of multivariable analyses performed
for CAN using logistic regression models. The relationship
between anemia and CAN remained statistically significant after
adjusting for sex, age, smoking habits, BMI, ALT, hyperlipid-
emia, hypertension, diabetes duration, HbA ., retinopathy, and

Clinical characteristics of subjects with type 2 diabetes according
to CAN.

No CAN CAN P

N 1591 639
Age, y 57.0 (56.4-57.7) 60.7 (59.3-61.9) <.001
Male, % 775 (48.7) 308 (48.2) 827
Alcohol (n, %) 320 (20.1) 132 (20.7) 773
Current smoking (n, %) 298 (18.7) 125 (19.6) .691
Diabetes duration, y 5.3 (5.0-5.6) 7.3 (6.6-8.0) <.001
Hyperlipidemia (n, %) 754 (47.4) 320 (50.1) .251
Hypertension (n, %) 780 (49.0) 366 (57.3) <.001
Body mass index, kg/m? 24.6+4.1 246+3.7 .984
Waist circumference, cm 84.5 (83.8-85.3) 85.1 (83.9-86.5) .166
Systolic BP, mm Hg 128.8+16.8 129.8+17.1 .254
Diastolic BP, mm Hg 781+11.0 78.0+£10.9 .894
HbA1¢, % 8.3 (8.2-8.4) 8.2 (8.1-8.4) 674
HbA, mmol/mol 67 (65-68) 66 (64-67) 674
Total cholesterol, mmol/L 48+1.1 48+1.2 .866
HDL-cholesterol, mmol/L 1.2+0.3 1.2+04 427
LDL-cholesterol, mmol/L 29+1.0 29+1.1 .569
Triglyceride, mmol/L 1.5 (1.4-1.9) 1.5 (1.4-1.6) 499
Total bilirubin, wmol/L 12.8+4.1 11.7+3.6 <.001
AST, UL 23.2 (22.7-23.6) 22.4 (21.7-23.1) .082
ALT, UL 21.4 (20.9-22.0) 20.0 (19.1-21.0) .007
Hemoglobin, g/L 131.3+191 127.2+18.2 <.001
Anemia (n, %) 494 (31.0) 256 (40.1) <.001
eGFR, mL/min/1.73m? 96.2 (94.6-97.9) 89.3 (86.7-92.0) <.001
Retinopathy (n, %) 468 (29.4) 288 (45.1) <.001
Nephropathy (n, %) 307 (19.3) 183 (28.6) <.001
Treatment (n, %)

No medication 143 (9.0) 53 (8.3) 460

Oral hypoglycemic agent 1066 (67.0) 417 (65.3)

Insulin 382 (24.0) 169 (26.4)

Data are represented as the means + standard deviation or as the geometric means (95% confidence
interval). Number in parenthesis is the percentage. ALT = alanine aminotransferase, AST = aspartate
aminotransferase, BP = blood pressure, CAN = cardiovascular autonomic neuropathy, eGFR =
estimated glomerular filtration rate, HbA;. = glycated hemoglobin, HDL-cholesterol = high density
lipoprotein cholesterol, LDL-cholesterol = low density lipoprotein cholesterol.
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Odds ratio for CAN in subjects with type 2 diabetes.

CAN
Anemia (yes vs. no) P Bilirubin, pmol/L P
Unadjusted 1.48 (1.23, 1.80) <.001 - -
Model 1 1.31 (1.07, 1.61) 011 - -
Model 2 1.39 (1.07, 1.80) 015 - -
Model 2a (Model 2+ bilirubin) 1.20 (0.91, 1.58) 189 0.94 (0.91, 0.97) <.001

Values are represented as odds ratio (95% confidence interval). ALT = alanine aminotransferase, CAN = cardiovascular autonomic neuropathy. Model 1: adjusted by sex, age, smoking habits, BMI, ALT,
hyperlipidemia, and hypertension. Model 2: adjusted by Model 1 variables plus diabetes duration, HbA;, retinopathy, and nephropathy.

nephropathy (odds ratio [OR] 1.39; 95% CI 1.07-1.8, P=.015)
(Model 2). When serum bilirubin levels were entered into the
same model, additional adjustment for bilirubin abolished this
relationship (OR 1.20, 95% CI 0.91-1.58, P=.189) (Model 2a).

4. Discussion

In this study, we observed a positive relation between anemia and
the prevalence of CAN in subjects with type 2 diabetes. In
addition, our results suggest that the putative increased CAN risk
associated with anemia might be mediated by a correlated
decrease in serum bilirubin levels.

Anemia is commonly found in subjects with type 2 diabetes.
Previous studies have demonstrated a continuous decrease in Hb
concentrations over time in subjects with type 2 diabetes in the
absence of diabetic nephropathy, as well as in advanced diabetic
kidney disease.!"""®'”1 In addition, anemia itself might contribute
to diabetes-associated organ damage as well as adverse
cardiovascular outcomes such as coronary heart disease and
heart failure.”*! Qiao et al®! showed that anemia is positively
related to diabetic retinopathy. Previous several studies have also
reported that anemia is associated with diabetic somatic
neuropathy in subjects with type 2 diabetes.*'%'?! Therefore,
in the present study, a positive association between anemia and
CAN supports the hypothesis that anemia might be related to
neuronal injury.!>!8171

Anemia results in tissue hypoxia.””! Endoneural hypoxia has
been suggested to play an important role in nerve injury in
diabetes.!** It is therefore interesting to find that the putative
increased CAN risk associated with anemia might be linked to a
correlated decrease in serum bilirubin levels. Our findings are
supported by recent clinical and experimental evidence that
bilirubin might have a protective role in oxidative stress-mediated
diseases.!®?%21 Serum bilirubin levels have been reported to be
closely linked to the metabolic milieu in type 2 diabetes.*>* In
addition, several studies have shown inverse associations
between diabetic microangiopathy and serum bilirubin
concentrations./”>”! Serum total bilirubin concentrations are
inversely correlated with the severity of diabetic retinopathy!?®!
and urine albumin excretion in subjects with type 2 diabetes.!**!
Experimental researches have shown that bilirubin at physiologic
levels might contribute to neuroprotection against oxidative
injury.[52%2%:39 Recently, serum total bilirubin concentration
has been suggested to be associated with the severity of CAN.13°!

Although the mechanism has not been clearly defined yet, there
are several possible explanations by which bilirubin might be
involved in relations between anemia and CAN. First, bilirubin is
formed by sequential catalytic degradation of heme present in
Hb, which is mediated by heme oxygenase and biliverdin
reductase.” In health subjects, approximately 80% of daily

[16]

bilirubin production is suggested to be derived from Hb.!®! Thus,
a decline in Hb level might be related with a decrease in serum
bilirubin levels within the physiologic range. Second, diabetes
mellitus is linked to increased oxidative stress, which is an
important etiologic factor of autonomic neuropathy.*!! Bilirubin
has a strong antioxidant capacity.!>2 All types of bilirubin that
encompass albumin-bound bilirubin, free bilirubin, unconjugat-
ed form, and conjugated form exhibit effective antioxidant
activities.*>**! In addition, bilirubin might be involved in the
inhibition of protein kinase C and formation of advanced
glycation end products,** and it is related to the immune
response and the process of the inflammation.”**! These are key
pathogenic pathways implicated in the pathogenesis of CAN, and
the inhibitory effects of bilirubin on these pathways might explain
the connection between anemia and CAN.

This study has some limitations. First, because the design of
this study was cross-sectional, the causality of the relationships
could not be established. Second, the etiology of anemia was not
addressed in the present study. However, as anemia itself is
characterized by the decrease in Hb levels,*®! it is not likely that
this has affected our findings. In addition, although the well
known risk factors were included in multivariable analysis to
evaluate an association between anemia and CAN, not all
possible factors that affect cardiovascular autonomic function
might be controlled. Finally, patients with occult malignancies
might not be completely excluded, although precautions were
taken. In spite of these limitations, this study provides an
important information with regard to the relationships among
anemia, bilirubin, and CAN in patients with type 2 diabetes.

In conclusion, our results show that in patients with type 2
diabetes, anemia is positively associated with CAN, which may
be mediated by a correlated decrease in serum total bilirubin
levels within the physiologic range. Large prospective inves-
tigations are warranted to establish the causal associations
among anemia, bilirubin, and cardiovascular autonomic dys-
function.
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