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Abstract: Patients with chronic kidney disease (CKD) often have cardiac functional and structural
abnormalities which can lead to adverse cardiovascular outcomes. In this study, we investigated
associations between diabetes mellitus (DM) and cardiac functional and structural parameters in
patients with CKD focusing on aortic root diameter (ARD). We also investigated associations of renal
outcomes with DM and cardiac functional and structural characteristics. We enrolled 419 patients
with CKD stage 3–5 were enrolled. ARD was normalized to body surface area (BSA) (ARD/BSA), and
the rate of decline in renal function was assessed by the estimated glomerular filtration rate (eGFR)
slope (mL/min/1.73 m2/year). ARD/BSA ≥2.1 cm/m2 in men or ≥2.2 cm/m2 in women was
defined as indicating aortic root dilatation. The patients with DM had lower ARD/BSA, higher left
atrial dimension (LAD), lower left ventricular ejection fraction, lower ratio of peak early transmitral
filling wave velocity to peak late transmitral filling wave velocity, and higher left ventricular relative
wall thickness, than those without DM. After multivariable analysis, DM (vs. non-DM; coefficient
β, −0.060; p = 0.018) was significantly associated with low ARD/BSA. Significantly fewer patients
with DM had aortic root dilatation compared to those without DM (14.3% vs. 23.1%, p = 0.022). In
the patients with DM, there were significant associations between a high left ventricular mass index
(LVMI) (per 1 g/m2, β, −0.016; p = 0.040) and high LAD (per 1 cm; β, −1.965; p < 0.001) with a low
eGFR slope. However, other parameters, including ARD/BSA, were not associated with eGFR slope.
Furthermore, there were no associations between eGFR slope and any of the echocardiographic
parameters in the patients without DM. Aortic root dilatation was attenuated in the patients with
DM, but it was not associated with a decline in renal function. However, high LAD and LVMI were
associated with rapid renal function decline in the CKD patients with DM.

Keywords: chronic kidney disease; aortic root dilatation; diabetes mellitus; left atrial dimension;
eGFR slope; left ventricular mass index

1. Introduction

Patients with chronic kidney disease (CKD) are at high risk of cardiovascular (CV)
morbidity and mortality due to many factors [1]. Traditional risk factors include hyper-
tension, diabetes mellitus (DM) and hyperlipidemia in addition to CKD itself [2]. The
pathogenesis of CV disease in CKD may be associated with endothelial dysfunction, inflam-
mation, oxidative stress and uremic toxins [2]. In addition, CV disease in CKD has been
associated with cardiac remodeling involving both functional and structural abnormalities.
Left ventricular hypertrophy (LVH) and diastolic dysfunction are common in patients
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with CKD. LVH occurs in the early stage of CKD, with an increasing incidence in the
advanced stages [3,4]. A low left ventricular ejection fraction (LVEF) has been associated
with mortality in patients with CKD, and worsening LVEF and left ventricular end-systolic
volume (LVESV) when transitioning from CKD to dialysis have also been associated with
post-dialysis mortality [5,6]. In addition, the progression of diastolic dysfunction to symp-
tomatic heart failure has been associated with CKD, and CKD has also been associated
with aortic valve calcification and arterial stenosis [7,8]. Evaluating cardiac function is
important in patients with CKD, however the use of contrast imaging for this purpose
is limited by the risk of contrast-induced nephrotoxicity in these patients. Consequently,
cardiac echography has become the most commonly used tool to evaluate cardiac function
in patients with CKD due to its non-invasiveness and ease of use.

Increased aortic root diameter (ARD) has been reported to be a predictor of thoracic
aortic aneurysm rupture [9], and aortic root dilatation has been associated with a high
risk of heart failure, CV and all-cause mortality even without aortic aneurysm [10–12].
In addition, aortic root dilatation has been reported to be a predictor of left ventricular
diastolic dysfunction, and the association between aortic root dilatation and LVH has been
demonstrated to be a stronger predictor of CV prognosis than LVH alone [12,13]. Masugata
et al. reported an inverse association between estimated glomerular filtration rate (eGFR)
and aortic root dilatation in patients with hypertension [14], and that DM was inversely
correlated with ARD in patients undergoing peritoneal dialysis [15]. However, few studies
have investigated correlations among DM, aortic root dilatation and renal function decline
in patients with CKD.

In this study, we investigated relationships between DM and cardiac functional and
structural parameters, with a focus on ARD, in patients with CKD. We also investigated
associations of renal outcomes, assessed using eGFR slope, with DM and cardiac functional
and structural characteristics.

2. Methods and Patients
2.1. Study Design and Patients

This study was conducted at Kaohsiung Medical University Hospital (KMUH), Tai-
wan, from May 2006 to January 2010. The Institutional Review Board of KMUH approved
this study, which followed the appropriate guidelines. We enrolled 505 patients with CKD
stage 3–5. None of the enrolled patients had initiated dialysis. CKD was defined as the
presence of kidney disease for three months or longer. The stages of CKD were defined
in accordance with the National Kidney Foundation-Kidney Disease Outcomes Quality
Initiative (K/DOQI) guidelines [16] as follows (all eGFR values in mL/min/1.73 m2): stage
3, eGFR 30–59; stage 4, eGFR 15–29; and stage 5, eGFR < 15. To ensure sufficient data
to be able to analyze renal function changes, patients with fewer than three follow-up
eGFR measurements (n = 64), and those with less than six months of data (n = 22) during
the follow-up period were excluded. In total, we included 419 patients (256 males and
163 females; mean age 65.9 ± 12.3 years), all of whom provided written informed consent
before enrollment.

2.2. Evaluation of Cardiac Structure and Function

The echocardiographic examinations were conducted by two experienced cardiologists
who were unaware of the patients’ data using an ultrasound machine (VIVID 7, General
Electric Medical Systems, Horten, Norway). Two-dimensional and M-mode echocardio-
graphic measurements were performed with the patients in a left decubitus position. ARD
was normalized to body surface area (BSA) (ARD/BSA). Aortic root dilatation was defined
as ARD/BSA ≥2.1 cm/m2 in men or ≥2.2 cm/m2 in women [12]. LVEF was used to assess
left ventricular systolic function. Peak early transmitral filling wave velocity (E), peak late
transmitral filling wave velocity (A), and E/A ratio, LAD, LVESV, left ventricular internal
diameter in diastole (LVIDd), left ventricular posterior wall thickness in diastole (LVPWTd),
left ventricular end-diastolic volume (LVEDV), and interventricular septal wall thickness in
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diastole (IVSTd) were measured. Observed left ventricular mass (LVM) was calculated us-
ing the modified Devereux method: observed LVM = 1.04 × [(IVSTd + LVIDd + LVPWTd)3

− LVIDd3] − 13.6 g [17]. LVMI was calculated as LVM/BSA.

2.3. Medical, Demographic and Laboratory Data

Data on age, sex, smoking status, baseline information on hypertension, cerebrovascu-
lar disease, DM and coronary artery disease were collected by chart review. Patients with a
history of cerebral bleeding and infarction were defined as having cerebrovascular disease,
and those with a history of ischemic electrocardiogram change, old myocardial infarction,
angina, angioplasty or coronary bypass surgery were defined as having coronary artery
disease. Blood pressure (both systolic and diastolic) measurements were recorded. Fasting
blood samples were collected from each patient within 1 month of enrollment, and levels
of triglycerides, glucose, total cholesterol, hemoglobin and calcium-phosphorous product
were measured at out laboratory. Serum creatinine levels were determined using the
kinetic Jaffé method with isotope-dilution mass spectrometry [18]. The CKD Epidemiology
Collaboration (CKD-EPI) Study Equation was used to calculate eGFR [19]. The dipstick
method was used to evaluate proteinuria (Hema-Combistix, Bayer Diagnostics), and a
positive test result was defined as a score of 1+ or more. Urine samples were obtained
within 1 month of enrollment. The patients’ medical records were searched for information
on prescriptions including angiotensin II receptor blockers (ARBs), angiotensin converting
enzyme inhibitors (ACEIs) and statins.

2.4. Rate of Renal Function Decline

The eGFR slope was used to assess the rate of decline in renal function measured in
mL/min/1.73 m2/year. The slope was calculated as the regression coefficient between
time and a minimum of three eGFR measurements recorded after enrollment.

2.5. Statistical Analysis

Data are presented as percentages, means ± standard deviations, and medians (25th–
75th percentiles), and means ± standard errors of the mean for eGFR slope. One-way
analysis of variance (ANOVA) was used for multi-group comparisons followed by post
hoc adjustments with Bonferroni correction. The independent t-test was used to examine
differences between groups for continuous variables, and the chi-square test was used for
categorical variables. linear regression analysis was performed to examine associations
between the echocardiographic parameters with ARD/BSA and eGFR slope. A p value
of less than 0.05 was considered to indicate a significant difference. SPSS version 26.0 for
Windows was used for all statistical analyses (SPSS Inc., Chicago, IL, USA).

3. Results
3.1. Comparisons of the Clinical Characteristics between ARD/BSA Tertiles

The clinical characteristics were compared between ARD/BSA tertiles (Table 1). The
patients in ARD/BSA tertile 3 were older, predominantly male, and had lower triglycerides
and total cholesterol than those in ARD/BSA tertile 1. For the echocardiographic param-
eters, the patients in ARD/BSA tertile 3 had a lower LAD and higher LVMI and LVESV
than those in ARD/BSA tertile 1.
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Table 1. Comparison of clinical characteristics between the groups according to ARD/BSA tertile.

Characteristics Tertile 1 (n = 139) Tertile 2 (n = 140) Tertile 3 (n = 140) p

Age (year) 62.2 ± 13.6 66.0 ± 11.5 * 69.6 ± 10.6 *,† <0.001
Male sex (%) 52.5 64.3 66.4 0.037
Smoking (%) 30.2 27.1 34.3 0.431
DM (%) 62.6 55.7 51.4 0.166
Hypertension (%) 84.2 85.0 80.0 0.492
Coronary artery disease (%) 10.1 13.6 10.0 0.559
Cerebrovascular disease (%) 16.5 12.9 16.4 0.624
Systolic blood pressure (mmHg) 140.6 ± 21.0 140.8 ± 19.5 142.8 ± 23.0 0.653
Diastolic blood pressure (mmHg) 79.0 ± 12.2 80.1 ± 13.8 79.4 ± 12.5 0.761
Laboratory parameters

Fasting glucose (mg/dL) 130.8 ± 60.0 121.6 ± 58.8 126.7 ± 54.3 0.411
Triglyceride (mg/dL) 152 (99–239) 151 (99.75–200.25) 128 (80–178) * 0.002
Total cholesterol (mg/dL) 200.2 ± 44.5 196.5 ± 46.1 187.0 ± 46.9 * 0.046
Hemoglobin (g/dL) 11.8 ± 2.3 11.6 ± 2.3 11.7 ± 2.3 0.691
Baseline eGFR (mL/min/1.73 m2) 27.0 ± 14.0 23.2 ± 13.3 25.1 ± 14.5 0.076
Calcium-phosphorous product

(mg2/dL2) 38.5 ± 8.2 37.0 ± 7.9 38.4 ± 9.4 0.252

Proteinuria (%) 64.7 67.1 65.5 0.911
Medications

ACEI and/or ARB (%) 77.8 75.0 71.9 0.540
Statins (%) 28.1 23.5 27.3 0.653

Echocardiographic parameters
ARD/BSA (cm/m2) 1.68 ± 0.11 1.94 ± 0.06 * 2.23 ± 0.17 *,† <0.001
LAD (cm) 3.90 ± 0.61 3.72 ± 0.61 3.59 ± 0.64 * <0.001
LVRWT (%) 44.61 ± 11.99 43.71 ± 12.33 44.24 ± 14.70 0.878
LVMI (g/m2) 132.32 ± 42.19 137.91 ± 43.63 146.35 ± 51.54 * 0.038
LVEDV (mL) 111.32 ± 31.42 113.43 ± 33.59 119.06 ± 47.64 0.219
LVESV (mL) 33.72 ± 16.99 36.16 ± 17.72 40.85 ± 33.90 * 0.044
LVEF (%) 70.44 ± 9.13 69.03 ± 8.83 68.00 ± 11.70 0.124
E/A 0.89 ± 0.31 0.81 ± 0.26 0.85 ± 0.46 0.208

Renal outcome
eGFR slope (mL/min/1.73 m2/yr) −2.24 ± 0.35 −2.11 ± 0.45 −1.50 ± 0.37 0.368

Abbreviations. ARD, aortic root diameter; BSA, body surface area; DM, diabetes mellitus; eGFR, estimated glomerular filtration rate;
ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin II receptor blocker; LAD, left atrial dimension; LVRWT, left ventricular
relative wall thickness; LVMI, left ventricular mass index; LVEDV, left ventricular end-diastolic volume; LVESV, left ventricular end-systolic
volume; LVEF, left ventricular ejection fraction; E, peak early transmitral filling wave velocity; A, peak late transmitral filling wave velocity.
* p < 0.05 compared to tertile 1; † p < 0.05 compared to tertile 2.

3.2. Comparisons of Echocardiographic Parameters between the Patients with and without DM

The echocardiographic parameters were compared between the patients with and
without DM (Table 2). The patients with DM had a lower ARD/BSA, LVEF and E/A, and
higher LAD and LVRWT than those without DM.

Table 2. Comparison of echocardiographic parameters in study patients without or with DM.

Echocardiographic Parameters without DM (n = 182) with DM (n = 237) p

ARD/BSA (cm/m2) 1.99 ± 0.27 1.92 ± 0.23 0.009
LAD (cm) 3.59 ± 0.63 3.85 ± 0.61 <0.001

LVRWT (%) 42.32 ± 11.79 45.62 ± 16.47 0.017
LVMI (g/m2) 136.06 ± 46.3 141.05 ± 46.17 0.274
LVEDV (mL) 114.74 ± 34.39 114.51 ± 41.12 0.952
LVESV (mL) 35.45 ± 20.36 38.05 ± 26.93 0.261

LVEF (%) 70.25 ± 8.94 68.30 ± 10.69 0.043
E/A 0.92 ± 0.43 0.80 ± 0.27 0.001

Abbreviations are the same as in Table 1.
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3.3. Determinants of ARD/BSA

Table 3 shows the risk factors for ARD/BSA in multivariable stepwise linear regression
analysis. Old age (per 1 year; unstandardized coefficient β, 0.005; p < 0.001), male (vs.
female; β, −0.062; p = 0.019), low triglycerides (log per 1 mg/dL; β, −0.159; p = 0.002),
and low baseline eGFR (per 1 mL/min/1.73m2; β, −0.002; p = 0.007) were significantly
associated with a large ARD/BSA. In addition, DM (vs. non-DM; β, −0.060; p = 0.018) was
negatively significantly associated with ARD/BSA.

Table 3. Determinants of ARD/BSA using multivariable stepwise linear analysis.

Parameters
ARD/BSA

Unstandardized Coefficient β (95% CI) p

Age (per 1 year) 0.005 (0.003, 0.007) <0.001
Sex (male vs. female) 0.062 (0.010, 0.113) 0.019

DM −0.060 (−0.109, −0.010) 0.018
Triglyceride (log per 1 mg/dL) −0.159 (−0.261, −0.057) 0.002

Baseline eGFR (per 1 mL/min/1.73 m2) −0.002 (−0.004, −0.001) 0.007

Values expressed as unstandardized coefficient β and 95% confidence interval (CI). Abbreviations are the same as in Table 1. Multi-
variable model: adjusted for age, sex, smoking history, hypertension, coronary artery disease, cerebrovascular disease, systolic blood
pressure > 140 mmHg, fasting glucose, log triglyceride, total cholesterol, hemoglobin, eGFR, calcium-phosphorous product, proteinuria,
ACEI and/or ARB and statins.

Figure 1 illustrates the percentage of aortic root dilatation in the study patients with
and without DM. Significantly fewer patients with DM had aortic root dilatation compared
to those without DM (14.3% vs. 23.1%, p = 0.022).
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Figure 1. Percentage of aortic root dilatation in patients with or without diabetes. Aortic root
dilatation was defined as aortic root diameter (ARD)/body surface area (BSA) ≥ 2.1 cm/m2 in
women or 2.2 cm/m2 in men. In patients with diabetes, the percentage of aortic root diameter
dilatation was significantly lower, when compared with those without diabetes (14.3% vs. 23.1%,
p = 0.022). DM, diabetes mellitus.

3.4. Associations between eGFR Slope and Echocardiographic Parameters

Associations between eGFR slope and the echocardiographic parameters after multiple
adjustments for age, sex, smoking history, cerebrovascular disease, log triglycerides, total
cholesterol, systolic blood pressure > 140 mmHg, hemoglobin, hypertension, coronary
artery disease, fasting glucose, eGFR, calcium-phosphorous product, proteinuria and the
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use of ACEIs and/or ARBs are shown in Table 4. In the patients with DM, high LAD
(per 1 cm; β, −1.965; p < 0.001) and high LVMI (per 1 g/m2, β, −0.016; p = 0.040) were
significantly associated with low eGFR slope. However, other parameters, including
ARD/BSA, were not associated with eGFR slope. Furthermore, in the patients without
DM, none of the echocardiographic parameters were associated with eGFR slope.

Table 4. Relation of echocardiographic parameters to eGFR slope using multivariable linear analysis.

Echocardiographic
Parameters

without DM (n = 182) with DM (n = 237)

Multivariable Multivariable

Unstandardized
Coefficient β 95% CI p Unstandardized

Coefficient β 95% CI p Interaction p

ARD/BSA
(per 1 cm/m2) 1.281 −0.782, 3.344 0.222 0.471 −2.419, 3.362 0.748 0.929

LAD (per 1 cm) −0.040 −0.864, 0.784 0.924 −1.965 −3.006,
−0.925 <0.001 0.010

LVRWT (per 1%) 0.011 −0.037, 0.058 0.664 −0.007 −0.045, 0.031 0.730 0.265

LVMI (per 1 g/m2) −0.006 −0.018, 0.006 0.343 −0.016 −0.032,
-0.001 0.040 0.396

LVEDV (per 1 mL) 0.001 −0.016, 0.018 0.870 −0.016 −0.032, 0.001 0.062 0.508
LVESV (per 1 mL) 0.003 −0.024, 0.031 0.814 −0.022 −0.047, 0.003 0.082 0.351
LVEF (per 1%) −0.008 −0.067, 0.051 0.801 0.026 −0.039, 0.091 0.424 0.285
E/A (per 1) −0.052 −1.324, 1.219 0.935 −0.333 −2.991, 2.325 0.805 0.198

Values expressed as unstandardized coefficient β and 95% confidence interval (CI). Abbreviations are the same as in Table 1. Multi-
variable model: adjusted for age, sex, smoking history, hypertension, coronary artery disease, cerebrovascular disease, systolic blood
pressure >140 mmHg, fasting glucose, log triglyceride, total cholesterol, hemoglobin, eGFR, calcium-phosphorous product, proteinuria,
and ACEI and/or ARB.

Analysis of the effects of interactions between echocardiographic parameters and DM
on eGFR slope is also shown in Table 4. The interaction between LAD and DM (p = 0.010)
was statistically significant. However, interactions of the other parameters and DM did not
achieve significance.

4. Discussion

In this study, we examined associations among echocardiographic parameters and
DM, and further evaluated the associations with renal outcomes in patients with CKD. Our
results showed a significant association between DM and low ARD/BSA. In addition, in
the patients with DM, high LAD and high LVMI were significantly associated with a low
eGFR slope, however ARD/BSA was not associated with eGFR slope. Furthermore, in
the patients without DM, none of the echocardiographic parameters were associated with
eGFR slope.

The first important findings of this study are that compared to the patients without
DM, those with DM had lower ARD/BSA, and that significantly fewer of the patients
with DM had aortic root dilatation. A previous meta-analysis of 8 studies reported that
the prevalence of aortic root dilatation in patients with hypertension was around 10%,
and that is was even higher in male and elderly patients [20], which is consistent with the
study by Mule et al [14]. In our study, the prevalence of aortic root dilatation was higher in
the patients without DM than in those with DM. In addition, old age and male sex were
correlated with high ARD/BSA, which is consistent with hypertensive patients [20]. Ye
et al. evaluated the relationship between DM and ARD in patients with end-stage renal
disease (ESRD) receiving peritoneal dialysis, and found an inverse association between DM
and ARD. Moreover, DM was independently correlated with a low prevalence of aortic
root dilatation [15]. Cuspid et al. investigated the relationships between aortic root size
and different markers of cardiac and extracardiac target organ damage in patients with hy-
pertension, and reported a prevalence of DM of 5.2%, and that DM was not correlated with
ARD [21]. However, they did not report information on renal function or the prevalence of
CKD [21]. Aortic root dilatation has been linked with thoracic aortic aneurysm rupture,



J. Pers. Med. 2021, 11, 972 7 of 11

and DM has been reported to have a protective effect against thoracic and abdominal
aortic aneurysm [22,23]. Several mechanisms influencing the relationship between DM and
aortic aneurysm may explain the lower ARD in DM patients. Changes in the extracellular
matrix (ECM) and loss of vascular smooth muscle cells (VSMCs) have been shown to
contribute to thoracic aortic aneurysm formation [24]. The transforming growth factor-beta
(TGF-β) pathway involves ECM formation and has been linked to thoracic aortic aneurysm
formation, and it is up-regulated in DM [25,26]. Metalloproteinases (MMPs) degrade ECM
protein and are also regulated by DM. In addition, hyperglycemia has been shown to
increase the expression of plasminogen activator inhibitor-1 and reduce plasma levels of
MMP-9 in mice, and this effect may attenuate aortic aneurysm diameter [27]. Furthermore,
the TGF-β pathway up-regulates and decreases the MMP-9 expression involved in changes
in the ECM, and this may contribute to the protective effect of DM against aortic aneurysm
formation. Krüppel-like factor 4 controls VMSC phenotypic transition in atherosclerosis
plaque formation and is involved in aortic aneurysm formation, and it has been shown to
be down-regulated by hyperglycemia in VMSCs [24,28,29]. The TGF-β pathway regulates
VSMC differentiation and protects the thoracic aorta from intramural hematoma forma-
tion, medial and adventitial thickening. This prevents the pathology of thoracic aortic
aneurysm, and up-regulation of the TGF-β pathway in DM may explain the influence
on aortic aneurysm [30,31]. The influence of DM in changes in the ECM and VMSCs in
thoracic aneurysms may explain the role of DM on ARD in patients with CKD.

We also found an association between low eGFR and high ARD/BSA, but that high
ARD/BSA was not associated with rapid renal function decline. Only a few studies have
investigated the association between renal function and ARD, and the relationship between
the rate in the decline of eGFR and ARD is unclear. A previous study on hypertension
reported an inverse association between eGFR and ARD [14], and that albuminuria was
not correlated with aortic root size [21]. Vascular calcification occurs in patients with CKD,
and it is associated with arterial stiffness. Some studies have reported associations between
arterial stiffness and cardiac remodeling in patients with CKD and renal outcomes, and the
results of our study may share the same mechanism [32]. A low eGFR has been associated
with higher carotid artery internal diameter and increased carotid circumferential wall
stress in CKD patients. This has been linked to an increase in the internal diameter of
the carotid artery, which in turn has been independently associated with a decline in
GFR [33,34]. The Chronic Renal Insufficiency Cohort (CRIC) study enrolled 2564 CKD
participants of whom one-half had DM, and demonstrated that aortic pulse wave velocity
(as a marker of arterial stiffness) was significantly associated with reduced renal function
and DM [35].

Another important finding of the present study is that high LAD and LVMI were
associated with a rapid decline in renal function in the patients with DM. The interac-
tions among cardiac dysfunction, DM and CKD are complex, and hemodynamic changes,
hypoperfusion, oxidative stress, endothelial dysfunction, cytokines and neurohormonal
abnormalities all play roles in organ damage associated with cardiac dysfunction and CKD
progression [36]. In our previous studies, we found that LVH was associated with the
progression of patients with CKD stage 3–5 to ESRD, and that high LAD and LVMI were
correlated with poor renal outcomes [37,38]. Fibroblast growth factor 23 (FGF-23) is a
hormone which regulates mineral metabolism, and it is elevated in patients with CKD. The
FGF-23/Klotho protein axis may explain the association between LVH with renal function
in CKD patients with DM. In addition, FGF-23 has been associated with insulin resistant,
and a recent review paper discussed the role of FGF-23 as a predictor of CV events [39].
One study of 55 patients with macroalbuminuric diabetic nephropathy found that FGF-23
was associated with CKD progression, including doubling of creatinine and progression to
dialysis [40]. Another meta-analysis study of 34 studies which included 9 non-dialysis CKD
populations found that a higher FGF-23 level increased the risk of myocardial infarction,
heart failure and stroke [41]. In addition, Gutierrez et al. studied 162 non-dialysis CKD
patients, and demonstrated that FGF-23 was independently correlated with LVMI and
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LVH, which is consistent with a study by Mirza et al. in elderly patients [42,43]. Several
experimental studies have also demonstrated that FGF-23 regulates cardiac remodeling
with LVH via the activation of cardiac phospholipase/calcineurin/nuclear factor signaling
in activated T-cells through FGF receptor 4 [44,45]. However, the mechanism has yet to be
fully elucidated, and further studies are needed to clarify the role of FGF-23 in the associa-
tion between LVMI and renal outcomes in CKD patients with DM. Left atrial enlargement,
which is a long-term consequence of remodeling and affects left ventricular filling pressure
can be used to assess left ventricular diastolic function to help in the diagnosis of heart
failure, and in a study of 305 DM patients without CV disease, left atrial enlargement was
associated with CV morbidity and mortality [46]. Hyperglycemia-induced interstitial fibro-
sis and insulin resistance can both increase blood pressure, and this may worsen left atrial
remodeling and function [47]. Several previous studies have reported that an enlarged
left atrium is a predictor of CV mortality, atrial fibrillation, congestive heart failure, stroke
and hypertension, and this could be useful clinically [48–51]. In addition, in Furukawa
et al.’s study of 140 patients with CKD stage 4–5, the authors demonstrated an independent
association between left atrial volume index and the time to initiating dialysis [52]. In the
current study of CKD patients with DM, we demonstrated an independent association
between a high LAD and rapid renal function decline. This suggests that a high LAD may
be associated with a high volume status and left ventricular filling pressure. Consequently,
these patients may have higher renal efferent pressure and lower renal blood flow, which
could then result in a progressive renal function decline [53].

There were several limitations to this study. First, the number of serum creatinine
measurements and the intervals between them differed from patient to patient, and thus
the eGFR slope also differed. However, only patients who were followed for at least 3
months and had at least three eGFR measurements were included in this study, which may
have increased the reliability of the eGFR slope findings. Second, this study was conducted
at a single center, and this the result may not be generalizable to all patients with CKD.
Third, albuminuria is an early marker of diabetic nephropathy and an important factor
influencing DM outcomes, however we did not quantify albuminuria in this study. In
addition, the effect of volume overload could not be evaluated as we did not assess volume
status. Finally, we lacked data on lipid-lowering agent history, and these medications
undoubtedly influence the values of lipid profiles. Therefore, we could not exclude the
impact of such medications on our results.

In conclusion, aortic root dilation was attenuated in the CKD patients with DM in this
study, but it was not associated with renal outcomes. In addition, high LAD and LVMI
were associated with rapid decline in renal function in the patients with DM.
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