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ABSTRACT

Little is known regarding the natural longitudinal changes in cardiac structure and function in CKD. We
hypothesized that baseline CKD stage is associated with progressive worsening in cardiac structure and
function. We conducted a prospective longitudinal study, recruiting 300 patients with stages 3-5 CKD
from a major regional tertiary center and university teaching hospital in Hong Kong. Baseline CKD stages
were studied in relation to natural longitudinal changes in echocardiographic and tissue Doppler imaging—
derived parameters. Over 1 year, the prevalence of left ventricular (LV) hypertrophy increased from 40.3%
to 48.9%, median left atrial volume index increased 4.8 (interquartile range [IQR], 2.1, 7.7) ml/m?
(P<0.001), peak systolic mitral annular velocity decreased 0.5 (IQR, —1.5, 0.5) cm/s (P<0.001), early di-
astolic mitral annular velocity decreased 0.5 (IQR, —1.5, 0.5) cm/s (P<0.001), and eGFR declined 2.0
(IQR, —5.0, 0.0) ml/min per 1.73 m?2. CKD stages 4 and 5 were associated with more baseline abnormalities
in cardiac structure and function and predicted greater longitudinal progression in LV mass index (odds
ratio [OR], 3.02; 95% confidence interval [95% Cl], 1.39 to 6.58), volume index (OR, 2.58; 95% ClI, 1.18 to
5.62), and left atrial volume index (OR, 2.61; 95% Cl, 1.20 to 5.69) and worse diastolic dysfunction grade
(OR, 3.17; 95% Cl, 1.16 to 8.69) compared with stage 3a in the fully adjusted analysis. In conclusion, more
advanced CKD at baseline may be associated with larger longitudinal increases in LV mass and volume and
greater deterioration in diastolic function.

J Am Soc Nephrol 25: 1599-1608, 2014. doi: 10.1681/ASN.2013080899

CKD is a global public health problem and a major
risk factor for cardiovascular disease.!> Cardiovas-
cular mortality is estimated to be at least 10- to
100-fold higher in patients with ESRD than in the
age-, race-, and sex-matched general population.?
This higher mortality is attributed to an increased
risk of developing accelerated atherosclerosis, vas-
cular calcification, heart failure, and sudden cardiac
death.? Even earlier stages of CKD are associated
with an increased cardiovascular risk.*> Of the
various cardiovascular complications, left ventric-
ular hypertrophy (LVH) is one of the most preva-
lent®” and is predictive of an increased mortality
and cardiovascular death.8° More than 75% of pa-
tients with CKD already had established LVH at the
time of dialysis initiation.!° The prevalence of LVH
in patients with CKD who are not undergoing di-
alysis was lower, ranging from 32% to 75%.%7-11-12
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Notably, patients with an eGFR<30 ml/min per
1.73 m* showed a >2-fold increased risk of having
LVH compared with those with an eGFR=60
ml/min per 1.73 m? suggesting that worsening
kidney function or uremia, per se, may be an im-
portant contributing factor for LVH in CKD. In-
deed, several previous cross-sectional studies have
consistently shown an important inverse relation-
ship between eGFR and left ventricular (LV) mass
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index.®7:11:12 We therefore hypothesized that patients with
more advanced CKD are subjected to a more adverse cardio-
vascular risk profile, such as worse salt, volume, and BP con-
trol; more uremia, anemia, and inflammation; and more
disturbed CKD-mineral bone disease. This risk profile predis-
poses to a more longitudinal progression and deterioration in
cardiac structure and function compared with those who have
less advanced CKD.

However, previous studies that examined cardiac structural
and functional abnormalities in patients with CKD who are not
undergoing dialysis were mostly cross-sectional. Recent lon-
gitudinal data from the Chronic Renal Insufficiency Cohort
(CRIC) and the Initiating Dialysis Early and Late study included
patients with very advanced CKD or those already receiving
dialysis.!>14 In addition, the CRIC study did not standardize the
time interval between baseline and follow-up echocardiogra-
phy.!* Thus, the natural changes of cardiac structure and func-
tion in earlier CKD remain largely unknown. We conducted the
CASCADE (A Study of Longitudinal ChAngeS of CArdiac Struc-
ture and Function in Chronic KiDney DisEase) study with an
aim to examine the natural, longitudinal changes of cardiac
structure and function over 1 year in stages 3—5 CKD. We hy-
pothesized that baseline CKD stages would predict changes in
cardiac structure and function over time.

RESULTS

Participant Characteristics

Of'the 300 recruited patients, 278 completed both baseline and
1-year assessment (Supplemental Figure 1). Characteristics of
the study population are shown in Table 1. Underlying causes
of CKD included chronic GN in 80 (28.8%) patients, diabetic
nephropathy in 72 (25.9%), hypertensive nephropathy in
25 (9%), polycystic kidney disease in 25 (9%), obstructive
uropathy in 7 (2.6%), tubulointerstitial nephritis in 1 (0.4%),
and unknown in 68 (24.4%).

Echocardiographic and Other Clinical Characteristics of
the Entire Cohort

The entire cohort showed a significant increase in LV mass
index (P<<0.001) with an increased prevalence of LVH from
40.3% to 48.9% and worsening in geometric pattern over 1
year (Figure 1A). The entire cohort also showed a significant
increase in LV volume index (P=0.004), left atrial volume in-
dex (LAVi) (P<<0.001), and ratio of peak early transmitral flow
velocity to early diastolic mitral annular velocity (E/Em)
(P<<0.001) with a significant decrease in ejection fraction
(P=0.02), systolic mitral annular velocity (Sm) (P<<0.001), early
diastolic mitral annular velocity (Em) (P<<0.001) (Table 2), and
deterioration in diastolic dysfunction grades over 1 year
(P<<0.001) (Figure 1B). eGFR changed significantly by a median
of —2.0 (interquartile range [IQR], 0 to —5.0) ml/min per 1.73 m?
(P<<0.001) over 1 year in the entire cohort. Changes in systolic
and diastolic BP were 3.75 (IQR, —9.00 to 18.00) mmHg and
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0.50 (IQR, —7.50 to 8.10) mmHg, respectively, over 1 year.
Other characteristics of the cohort at baseline and 1 year are
compared in Supplemental Table 1.

CKD Stages in Relation to Echocardiographic
Parameters at Baseline and 1 Year

We stratified patients into three CKD groups—stages 3a, 3b,
and 4 and 5—by their baseline eGFR. Clinical and biochemical
characteristics of the 3 groups are detailed in Supplemental
Table 2. Table 3 compares eGFR and various echocardio-
graphic parameters at baseline and 1 year, as well as longitu-
dinal changes in various echocardiographic parameters over 1
year, among the three groups. Patients with stage 4 and 5 CKD at
baseline showed significantly more decline in eGFR (P=0.08)
(Figure 1C) and had greater increase in LV mass index
(P=0.04), volume index (P=0.003), and LAVi (P=0.001) over
1 year compared with patients in stage 3a and 3b. The prevalence
of LVH in stage 4 and 5 was 51.4% at baseline and increased to
60.0% at 1 year; this was the highest among the three groups
(Figure 1D). The prevalence of diastolic dysfunction in stage 4
and 5 was 67.7% at baseline and 80.0% at 1 year; this was the
highest among the three groups. The greatest increase was with
grade II and III diastolic dysfunction, which was observed in
53.9% of patients with stage 4 and 5 CKD at baseline and in-
creased to 65.4% at 1 year (Figure 1E).

Table 4 describes the multiple logistic regression analysis of
“progressors” in various echocardiographic parameters. Com-
pared with stage 3a (reference group), patients with stages 4
and 5 CKD were independently predictive of being “progres-
sors” in LV mass index (P=0.01), LV volume index (P=0.02),
LAVi (P=0.02), and diastolic dysfunction grades (P=0.03) in
the fully adjusted models controlling for other known factors
associated with LV abnormalities, including age, sex, diabetes,
background coronary artery disease, study baseline systolic
BP, hemoglobin, serum albumin, LDL cholesterol, baseline
use of renin-angiotensin-aldosterone system blockers, LV
mass index, and change in systolic BP over 1 year. Supplemen-
tal Table 3 presents the multiple logistic regression analysis of
progressors in various echocardiographic parameters in rela-
tion to eGFR as a continuous variable. Results were essentially
very similar to those reported in Table 4 with eGFR stratified
into three CKD groups.

DISCUSSION

To the best of our knowledge, this prospective study is the first
to examine the natural longitudinal changes of cardiac
structure and function in stages 3—5 CKD over 1 year. LV
mass index and volume index increased significantly and
both systolic and diastolic function worsened (as denoted
by a significant reduction in ejection fraction and Sm and by
decreasing Em, increasing E/Em ratio, increasing LAVi, and
worsening diastolic function grades, respectively) in a cohort
of patients with stages 3—5 CKD who showed a median eGFR
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Table 1. Characteristics of the study population (n=278)
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year. Our study also differs from the CRIC

Characteristic

Men, n (%)
Age (yr)
Diabetes mellitus, n (%)
Smoking status, n (%)
Nonsmoker
Ex-smoker
Current smoker
Body mass index (kg/m?)
Background atherosclerotic vascular complications, n (%)
Background coronary artery disease, n (%)
Background heart failure, n (%)
Background ischemic or hemorrhagic cerebrovascular event, n (%)
Systolic BP (mmHg)
Diastolic BP (mmHg)
Serum urea (mg/dl)
Serum creatinine (mg/dl)
eGFR (ml/min per 1.73 m?)
CKD stages, n (%)
3a
3b
4
5
Hemoglobin (g/dl)
Serum albumin (g/dl)
Serum calcium (mg/dl)
Serum phosphate (mg/dl)
Fasting glucose (mg/dl)
Fasting total cholesterol (mg/dl)
Fasting triglyceride (mg/dl)
Total antihypertensive agents (n)
Use of calcium-channel blockers, n (%)
Use of B-blockers, n (%)
Use of renin-angiotensin-aldosterone system blockers, n (%)
Use of statins, n (%)
Use of aspirin, n (%)
Use of erythropoietin-stimulating agent, n (%)

Value longitudinal echocardiography study that
156 (56.1)  examined patients with stage 5 CKD who
60+10  progressed to ESRD. Our study has several
115 (41.4)  other notable and important strengths in
being prospectively designed, having a
197 (70.9)  standardized time frame between baseline
52(18.7)  and 1-year echocardiograms in all patients,
29(104)  including a contemporary cohort of pa-
257%43  tjents with stages 3-5 CKD, and having
>4(19.5) very low dropout and a missing echocardi-
26 (9.4) ; o .
8(2.9) ography rate (approximately 7%, 1nc11.1c.11ng
26 (9.4) death as a reason for dropout). In addition,
128+19 our study represents the first and the largest
77411 longitudinal study to date that incorpo-
252+134  rated tissue Doppler imaging in the serial
252+1.39 assessment of systolic and diastolic func-
33.6=17.8  tion in patients with CKD who are not un-
dergoing dialysis. Tissue Doppler imaging
61(@21.9)  represents a more sensitive and accurate
/727.7) " method for functional assessment than
92631 onventional flow Doppler imaging.!> Fur-
1 24 %S 2713) thermore, al.l echocardi.ograms we.re an?—
418+035 lyzed by a single experler'lced cardiologist
940+040 Who demonstrated good intraobserver re-
378+0.77 Pproducibility. Thus, our findings should be
105+36 generalizable to other CKD populations.
180=40 Our findings of more LVH and dilatation
135x88  with more advanced CKD stages at baseline
2.58%1.25  were consistently demonstrated after 1 year,
183(65.8)  (learly confirming that cardiac structural
142(51.1) " abnormalities and their progression were
223 (80.3) closely related to the severity of kidney
1;: E?;?i .dysfunction, with mor§ deterioration seen
1036  instages 4 and 5 than in stages 3a and 3b.

Continuous data are expressed as mean*SD and categorical data as number (percentage).

change of —2 (IQR, 0 to —5) ml/min per 1.73 m” over a 1-year
period.

The other key novel finding is that more severe CKD stages
at baseline predicted greater longitudinal increase in LV mass
indexand volumeindex over 1 year. This relationship remained
significant independent of age, sex, baseline cardiac abnor-
malities, and other important confounding covariates. Our
results contrast the CRIC longitudinal study showing no
significant change in LV mass, but worsening of ejection
fraction between advanced CKD and ESRD, with the mean
interval between the two echocardiograms being 2 years.!* The
exact explanation for these differences is not clear, but they
may be partly due to differences in study design, sample size,
and population. Comparatively, our study has a larger sample
size than the CRIC longitudinal echocardiography study'4 and
may thus be more powered to detect a significant difference in
LV mass index and other echocardiographic parameters over 1
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Furthermore, a greater increase in the
prevalence of concentric hypertrophy was
observed over 1 year with CKD stages 4 and
5 (7.1%) than with stages 3a (3.3%) and 3b (2.6% increase).
These novel findings further extend the study by Go and
coworkers and explain why more advanced CKD was associ-
ated with greater risk of mortality and cardiovascular events.!
Our observations are well in keeping with several previous
cross-sectional analyses, including the CRIC study, showing
an important inverse relation between eGFR and the degree of
LVH.%7:11,12,16,17 The prevalence of LVH in our cohort at base-
line (40.3%) appeared similar to that noted in some earlier
reports,”-1112 although it was lower compared with the CRIC
cross-sectional study.® Previous studies demonstrated the im-
portance of LVH in predicting adverse clinical outcomes and
cardiovascular events in CKD.!819 Studies in dialysis patients
also showed that further increase in LV mass was associated
with more adverse clinical outcomes compared with patients
with LV mass regression.?%2! Notably, accompanying these
structural changes, we observed a significant worsening in

1601

Heart Disease in Kidney Disease



CLINICAL RESEARCH | www.jasn.org

A
m Concentric hypertrophy O Eccentric hypertrophy
O Concentric remodeling ONormal geometry
P < 0.001
100 -
90 | m n
80 -
704 25.5
S 29.1
3 60 - SE—
ic) 50 133
g
s 40 -
2 30 -
i 46.4
20 35.6
10
0
Baseline 1 year
C
70 -
60 -
& 50
<
~
5 40
Q.
£
£
E 30
o
o
O 20
)
10
0

3a

B
® Dysfunction Grade Ill O Dysfunction Grade Il
ODysfunction Grade | ONormal
P < 0.001
" mEm
80 -+
31.6
9 36.1
o 60
e
o
g
3 40
[on
45.6
20
0 33.8
0 :
Baseline 1 year
Baseline
=1 year

3b 48&5

Chronic kidney disease stage

Figure 1. (A) Increased prevalence of LV hypertrophy over 1 year. (B) Increased prevalence and severity of diastolic dysfunction over 1 year.
(C) More advanced CKD showed more decline in eGFR over 1 year. (D) More advanced CKD showed greater increase in prevalence of LV
hypertrophy and more deterioration in LV geometric pattern over 1 year. (E) More advanced CKD showed greater increase in prevalence and
severity of diastolic dysfunction over 1 year. Diastolic function was graded according to the recommendation by the American Society of
Echocardiography as normal, grades | (mild), Il (moderate), and Ill (severe) diastolic dysfunction.?? Diastolic function was not graded in 10
patients with atrial fibrillation at baseline and in an additional 5 patients with new-onset atrial fibrillation at 1 year.

diastolic function parameters (namely, decreased Em, in-
creased E/Em ratio, increased LAVi) but not systolic function
(as denoted by ejection fraction and Sm) across stages 3a, 3b,
and 4 and 5 CKD at both baseline and 1 year. This observation
differed from that of the CRIC study, which showed a very
similar prevalence of diastolic dysfunction, defined using flow
Doppler imaging across the different stages of nondialysis
CKD and that did not increase further with progression to
ESRD.® It is well recognized that diastolic function is best de-
fined using a combination of echocardiographic parameters,
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namely Em, E/Em ratio, and LAVi, rather than relying on a
single parameter.?? According to use of combination of these
echocardiographic parameters to grade diastolic function,??
patients with stages 4 and 5 CKD showed the highest preva-
lence of diastolic dysfunction at baseline (67.7%) and the
prevalence increased to 80% after 1 year. More than half of
the patients with stages 4 and 5 CKD had grades II and III
diastolic dysfunction at baseline, and that increased further to
65.4% at 1 year. Furthermore, patients with stages 4 and 5
CKD at baseline showed more longitudinal deterioration in
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Figure 1. Continued.

diastolic function grades over 1 year compared with patients
who had stages 3a and 3b CKD. Considering only patients
with normal diastolic function and those with grades I and
IT diastolic dysfunction, stages 4 and 5 CKD were indepen-
dently associated with more deterioration in diastolic dys-
function grades in the fully adjusted multiple logistic regression
analysis compared with stages 3a and 3b. These findings for the
first time demonstrate the importance of baseline CKD stages in
predicting longitudinal progression of diastolic dysfunction.
On the other hand, there was no significant difference in the
longitudinal changes of systolic function among the three

J Am Soc Nephrol 25: 1599-1608, 2014

groups, suggesting that worsening diastolic dysfunction ac-
counts for the primary functional abnormality associated with
increasing LVH and dilatation in progressive CKD. Consis-
tently, more severe CKD at baseline was also significantly
predictive of greater longitudinal increase in left atrial volume
independent of age, sex, and other confounding covariates. Left
atrial enlargement is regarded as a morphophysiologic expres-
sion of diastolic dysfunction and provides important structural
and diastolic functional assessment complementary to LV mass
and systolic function.?324 Left atrial volume also displays ad-
ditional prognostic value beyond that provided by other
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Table 2. Echocardiographic parameters and eGFR at baseline and 1 year and

changes over 1 year

volume and diastolic dysfunction but not
systolic dysfunction. These findings form

Variable Baseline 1 Year Changes over 1 Year PValue an important rationale for early institution
eGFR (ml/min per 1.73m?)  30.9+154 28.5+17.0 —2 0(-5.0,0.0) <0.001  of therapeutic strategies in CKD to prevent
LV mass index (g/m?) 105=32 112+34 4(0.6,13.1) <0.001  progressive cardiac hypertrophy, dilatation,
LV volume index (ml/m?) ~ 42.8+11.1  43.9+11.8 9(~1.5,3.6) 0.004  and diastolic dysfunction. Our observations
LV ejection fraction (%) 70.0+6.8 69.0+6.9 —1 0( 6.0, 3.0) 0.02 provide important novel insights to plan—
Midwall FS (%) 17.7+2.3 17.4+2.6 —O 3(-1.9,0.9 0.004 . .. . .

LAVI (ml/m?) 3064126 353137 8(2.1.7.7) <0.001 nlng. future clinical trials th.at aim to rejtard
E (cm/s) 8124215 8274219 0(=9.0,12.0) 0.2 cardiac structural and functional alterations
A (cm/s) 87.2+223 88.8+243 0(~7.0,12.0) 0.1 and improve cardiovascular outcomes in
E/A 0.97+0.3 1.00x0.5 ( 0.1,0.1) 0.4 CKD.

Sm (cm/s) 9.0+1.9 8.4+2.0 —0.5(—-1.5,0.5) <0.001

Em (cm/s) 9.7+2.8 9.0+£2.6 —0.5(—1.5,0.5) <0.001

Am (cm/s) 11.6+23  11.3+23 ~0.5(~1.5, 1.0) 006 CONCISE METHODS

E/Em 9.0+3.4 9.7+3.8 0.7 (0.5, 2.0) <0.001

Continuous data are expressed as mean*SD. Changes over 1 year expressed as median (IQR). FS,
fractional shortening; A, peak late transmitral flow velocity; E, peak early transmitral flow velocity;

E/A, ratio of early to late transmitral flow velocity.

echocardiographic parameters in dialysis patients.2>~27 Thus,
in keeping with earlier cross-sectional studies that showed
greater impairment of diastolic function than systolic function
in patients with CKD who were not undergoing dialysis,282°
our longitudinal study demonstrated that more advanced
CKD stages at baseline were associated with more deteriora-
tion in diastolic function over time but not systolic function.
Our observations provide important novel insights into the
nature of structural and functional changes of the myocar-
dium with CKD progression. We hypothesized that increas-
ing salt and fluid retention with worsening BP control are
probably important contributing factors to more LV struc-
tural changes, remodeling, and greater diastolic dysfunction
in advanced CKD. As shown by our data, the greater use of
calcium-channel blockers and diuretics, as well as more ec-
centric and concentric hypertrophy with worsening CKD, fa-
vored this hypothesis. Uremia, anemia, hypoalbuminemia, and
disordered mineral metabolism also probably contribute to
more adverse LV structural and diastolic functional
parameters with worsening CKD. Further study will be
needed to elucidate the relative contributions of these different
factors.

Our study has some limitations that are worth noting. Even
though our study is so far the largest to examine longitudinal
changes of cardiac structure and function in CKD, our sample
size may still be regarded as slightly underpowered for
attempting to evaluate between-group differences in the
changes in individual systolic and diastolic functional param-
eters over 1 year. In addition, we did not have urine protein or
albumin excretion data in this cohort.

In conclusion, this prospective longitudinal study
demonstrated a significant deterioration in cardiac structure
and systolic and diastolic function over 1 year in patients with
stages 3—5 CKD. More advanced CKD stages at baseline may be
associated with more longitudinal progression in LV mass and

1604 Journal of the American Society of Nephrology

Study Design
This is a prospective study with 1-year longi-

tudinal follow-up. The institutional review

board and ethics committee of the Hong Kong
West Cluster approved the study protocol. All patients provided written
informed consent before study entry. Altogether, 300 eligible patients
with stages 3—5 CKD were recruited consecutively from the Renal
Outpatient Clinic of a major regional tertiary care and university
teaching hospital in Hong Kong between May and December 2011.
Included were patients with stages 3-5 CKD defined according to
the Kidney Disease Improving Global Outcomes guideline, which
classified eGFR of 45-59, 3044, 15-29, and <15 ml/min per 1.73 m?
as stages 3a, 3b, 4, and 5, respectively.>® We used the abbreviated
Modification of Diet in Renal Disease equation to estimate GFR.3!
We excluded patients with hypertrophic cardiomyopathy, underly-
ing malignancy, chronic liver disease, systemic lupus erythematosus,
chronic rheumatic heart disease, congenital heart disease,
other significant valvular heart disease, and refusal to give consent.
The enrollment of study patients is shown in Supplemental Figure 1.

Data Collection
We collected data on smoking status, diabetes mellitus, background

kidney disease, coronary artery disease, heart failure, ischemic or
hemorrhagic cerebrovascular events, atherosclerotic vascular com-
plications, and medications on study entry. With a mercury sphyg-
momanometer, systolic and diastolic BP were measured twice: when
patients presented to the center for study echocardiographyat baseline
and then at 1 year. Measurements were made on either arm after the
patient had rested for 15 minutes, and readings were averaged to give
the final systolic and diastolic BP.

Echocardiography and Tissue Doppler Imaging

Transthoracic echocardiography was performed using a Vivid-I
ultrasonographic system (GE Healthcare) with an M3S multi-
frequency transducer according to the guidelines of the
American Society of Echocardiography at baseline and 1 year.2>32
All examinations were performed, and images were analyzed offline
by a single experienced cardiologist at both time points, blinded to all
clinical details of patients, using the EchoPAC software (GE-vingmed).

J Am Soc Nephrol 25: 1599-1608, 2014
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Table 3. Comparisons of eGFR and echocardiographic parameters at baseline and 1 year and changes over 1 year across the

different CKD stages

Variable Stage 3a (n=61) Stage 3b (n=77) Stages 4 and 5 (n=140) P Value

eGFR (ml/min per 1.73m?

Baseline 53.3+5.8 36.6+4.1 17.9+6.5 <0.001

Tyr 52.4+9.0 34.6+6.4 14.8+7.7 <0.001

Change —0.92 (—4.75, 3.35) —1.85(—4.49, 1.66) —2.77 (-5.11, —0.86) 0.01
LV mass index (g/mz)

Baseline 95.5+22.7 95.6+25.4 114.8+36.5 <0.001

1yr 100.2+21.4 100.5+25.5 122.6+38.5 <0.001

Change 4.19(0.66, 12.17) 3.67 (—0.35, 9.58) 7.15(0.96, 12.81) 0.04
LV volume index (ml/m?)

Baseline 41.0+8.0 39.4+9.0 45.4+12.7 <0.001

1yr 40.7x7.7 40.2+8.7 47.3+x13.6 <0.001

Change 0.06 (—2.33, 2.08) 0.62 (—1.40, 3.22) 1.63(—0.70, 3.78) 0.003
LAVi (ml/m?)

Baseline 27.6+8.5 27.9+10.1 33.3+x14.6 0.01

1yr 30.5+8.7 32.2+9.9 39.1+£16.1 <0.001

Change 3.41(1.32,4.91) 4.58(1.71, 6.78) 5.43 (2.32, 8.40) 0.001
LV ejection fraction (%)

Baseline 69.7+6.5 71.4+58 69.3+7.4 0.06

1yr 69.6+5.0 69.4+54 68.5+8.2 0.2

Change 0.00 (—5.07, 4.00) —1.85(—6.46, 1.85) —0.92 (—-4.95, 3.82) 0.3
Midwall fraction shortening (%)

Baseline 18.0+2.4 17.9+1.9 17.6+2.5 0.2

1yr 17.9£2.0 17.7£2.3 16.9+2.9 0.01

Change —0.43(—1.74,1.71) —0.07 (—1.67,0.84) —0.44 (—1.91, 0.69) 0.4
Sm (cm/s)

Baseline 9.2+1.7 9.0+1.8 8.8+2.0 0.9

1yr 8.3+1.8 8.4+2.0 8.4+2.2 0.7

Change —0.92 (-2.00, 0.46) —0.80(—1.38,0.43) —0.46 (—=1.50, 0.50) 0.2
E (cm/s)

Baseline 81.7+19.1 77.5+19.4 83.2+23.3 0.2

1yr 82.2+19.6 80.9+18.5 83.8+24.5 0.6

Change 0.00 (—0.93, 8.65) 2.18(—6.73, 12.46) 0.00 (—10.15, 11.21) 0.3
A (cm/s)

Baseline 77.9+18.5 84.3+19.4 93.1+23.8 0.002

1yr 79.3+19.8 85.2+19.8 94.2+27.7 0.01

Change 2.57 (—8.00, 13.8) —0.86 (—6.46, 5.60) 2.00 (—6.87, 12.00) 0.4
E/A ratio

Baseline 1.1+0.3 1.0+0.3 0.9+0.3 0.06

1yr 1.1+0.5 1.0+0.2 1.0+0.7 0.6

Change —0.04 (-0.22,0.13) 0.02 (—0.09, 0.18) —0.00 (—0.12, 0.08) 0.2
Em (cm/s)

Baseline 10.6+2.9 9.9+25 9.2+2.9 0.04

1yr 10.0*+2.6 9.1+2.4 8.5+2.6 0.02

Change —0.50 (—1.39, 0.45) —0.50 (—1.62, 0.46) —0.50 (—1.50, 0.49) 1.0
Am (cm/s)

Baseline 11.0x1.6 11.4+2.0 11.9+2.6 0.04

1yr 10.7£1.9 11.0£2.5 11.7£2.6 0.02

Change —0.50 (=1.09, 0.50) —0.45(=1.50, 0.92) —0.41 (=1.50, 1.38) 0.9
E/Em ratio

Baseline 8.1x2.5 8.2+2.6 9.8+4.0 0.001

1yr 8.6+2.7 9.4+35 10.6+4.8 0.02

Change 0.36 (—0.60, 1.57) 0.91 (0.07, 2.06) 0.61 (—0.50, 1.95) 0.1

Comparisons of various echocardiographic parameters among the three groups at baseline and 1 year were done using general linear model, adjusting for age and
sex. Changes over 1 year are expressed as median (IQR), and comparisons across three groups were done by Kruskal-Wallis test. Data at baseline and 1 year are

expressed as mean=SD. A, peak late transmitral flow velocity; E, peak early transmitral flow velocity; E/A, ratio of early to late transmitral flow velocity.
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Table 4. Multiple logistic regression analysis of progressors in various cardiac structural and functional parameters in relation

to baseline CKD stages

Odds Ratio (95% CI), P Value

Variable
Stage 3a (n=61) Stage 3b (n=77) Stages 4 and 5 (n=140)

Progressor of LVMi

Adjusted for age and sex Reference 0.93(0.46 to 1.87), P=0.8 2.50(1.32 to 4.74), P=0.01

Plus baseline LVMi Reference 0.91 (0.45 to 1.85), P=0.8 2.71(1.41 t0 5.23), P=0.003

Adjusted model Reference 0.94 (0.45 to 1.94), P=0.9 3.24 (1.50 to 6.98), P=0.003

Fully adjusted model Reference 0.83(0.39 to 1.75), P=0.6 2.78 (1.25to 6.19), P=0.01
Progressor of LWVi

Adjusted for age and sex Reference 1.66 (0.83 to 3.34), P=0.2 2.67 (1.40 to 5.06), P=0.003

Plus baseline LVMi and LWVi Reference 1.62 (0.80 to 3.28), P=0.2 2.77 (1.43 to 5.38), P=0.003

Adjusted model+baseline LWVi Reference 1.59 (0.76 to 3.33), P=0.2 2.62 (1.21 to 5.65), P=0.02

Fully adjusted model+baseline LVVi Reference 1.63(0.77 to 3.47), P=0.2 2.70(1.22 to0 5.99), P=0.02
Progressor of LAVi

Adjusted for age and sex Reference 2.23(1.10 to 4.54), P=0.03 3.28 (1.71 to 6.34), P<0.001

Plus baseline LVMi and LAVi Reference 2.23 (1.09 to 4.55), P=0.03 3.21 (1.64 to 6.28), P=0.001

Adjusted model+baseline LAVi Reference 1.99 (0.95 to 4.17), P=0.07 2.61(1.22 to 5.63), P=0.01

Fully adjusted model+baseline LAVi Reference 2.12 (0.99 to 4.56), P=0.05 2.50(1.13 to 5.54), P=0.02
Progressor of Sm

Adjusted for age and sex Reference 0.88 (0.44 to 1.77), P=0.7 0.62 (0.33to 1.16), P=0.1

Plus baseline LVMi+Sm Reference 0.90 (0.44 to 1.83), P=0.8 0.58 (0.30to 1.12), P=0.1

Adjusted model+baseline Sm Reference 0.87 (0.41 to 1.82), P=0.7 0.59 (0.27 to 1.26), P=0.2

Fully adjusted model+baseline Sm Reference 0.81(0.38t0 1.73), P=0.6 0.57 (0.26 to 1.26), P=0.2
Progressor of ejection fraction

Adjusted for age and sex Reference 1.47 (0.74 to 2.91), P=0.3 1.28 (0.69 to 2.39), P=0.4

Plus baseline LVMi+ejection fraction Reference 1.24 (0.56 to 2.76), P=0.6 1.59(0.75 to 3.37), P=0.2

Adjusted model+baseline ejection fraction Reference 1.20 (0.53 to 2.73), P=0.7 1.42 (0.60 to 3.32), P=0.4

Fully adjusted model+baseline ejection fraction Reference 1.12(0.48 to 2.59), P=0.8 1.38(0.57 to 3.38), P=0.5
Progressor of mwFS

Adjusted for age and sex Reference 0.69 (0.35to 1.37), P=0.3 0.85(0.46 to 1.58), P=0.6

Plus baseline LVMi+mwFS Reference 0.73 (0.35to 1.54), P=0.4 0.76 (0.38 to 1.52), P=0.4

Adjusted model+baseline mwFS Reference 0.81(0.38 to 1.77), P=0.6 0.98 (0.44 t0 2.17), P=1.0

Fully adjusted model+baseline mwFS Reference 0.79 (0.36 to 1.74), P=0.6 0.90 (0.40 to 2.07), P=0.8
Progressor in diastolic dysfunction grade®

Adjusted for age and sex Reference 2.37(0.98 to 5.75), P=0.06 2.71(1.19 to 6.18), P=0.02

Plus baseline LVMi+diastolic function grade Reference 2.60 (1.03 to 6.53), P=0.04 3.14 (1.31 to 7.53), P=0.01

Adjusted model+baseline diastolic function grade Reference 2.48 (0.96 to 6.39),. P=0.06 3.34 (1.26 t0 8.91), P=0.02

Fully adjusted model+baseline diastolic function grade Reference 2.35(0.87 to 6.37), P=0.09 2.84(1.02 to 7.89), P=0.05

“Progressor” was defined as those in the upper 50th percentile for changes in LVMi, LVVi, or LAVi over 1 year and those with changes over 1 year in the lower 50th
percentile for Sm and ejection fraction. Adjusted model: adjusted for known factors associated with LV abnormalities, including age, sex, diabetes, background
coronary artery disease, baseline systolic BP, hemoglobin, serum albumin, LDL cholesterol, baseline LVMi, and change in systolic BP over 1 year. Fully adjusted
model: adjusted for all factors above plus medications, including use of renin-angiotensin-aldosterone system blockers, -blockers, calcium-channel blockers, and
diuretics. 95% Cl, 95% confidence interval; LVMi, LV volume index; LVV, LV volume index; mwFS, midwall fractional shortening.

#"Progressor” in diastolic dysfunction grade was defined as deterioration in diastolic function over 1 year by 1 or more grades according to the diastolic dysfunction
grading by the American Society of Echocardiography using a combination of echocardiographic parameters, including LAVi, average of septal and lateral Em, and
E/Em ratio. Patients who already had the most severe form of diastolic dysfunction (grade Ill) at baseline were not considered in the diastolic dysfunction pro-

gression analysis.

All images were analyzed after both baseline and first year echocardio-
gram images were acquired but were not read in tandem. The cardiol-
ogist was blinded to the first versus second echocardiogram reading
of all patients. Three consecutive cardiac cycles were performed and av-
erage values of the three were recorded for all echocardiographic param-
eters.

LV ejection fraction was calculated by the modified biplane
Simpson method.?* LV mass was obtained by a formula recom-
mended by the American Society of Echocardiography?? and indexed
by body surface area. LV hypertrophy was defined as LV mass indexed
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by body surface area>115 g/m” in men and >95 g/m> in women.
Relative wall thickness was calculated as two times the posterior wall
thickness in end-diastole divided by LV internal dimensions in end-
diastole. LV geometric patterns were defined as normal geometry, con-
centric remodeling, eccentric hypertrophy, and concentric hypertrophy
on the basis of relative wall thickness and LV mass index.3? Left atrial
volume was assessed by tracing the left atrial endocardial borders and
height of left atrium in apical two-chamber and four-chamber views at
end-systole and was indexed by body surface area.>?> Mitral inflow ve-
locities were obtained using pulsed-wave Doppler imaging as described
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previously for peak E-wave and A-wave velocity.3* Tissue Doppler
imaging was performed with sample volumes placed at septal and
lateral mitral annulus during systole and diastole to estimate Sm,
Em, and late diastolic mitral annular velocity (Am) as previously de-
scribed from apical four-chamber view.3>3¢ The final Sm, Em, and Am
represented the mean values at septal and lateral mitral annulus. The
ratio of E/Em was used as an estimate of LV filling pressure.?” Diastolic
dysfunction was defined as an LAVi=34 ml/m? and an Em<9 cm/s,
with severity graded as I (mild), I (moderate), and ITI (severe) if E/Em
ratio was =8, 9-2, and =13, respectively, according to the American
Society of Echocardiography.?? Ten patients with atrial fibrillation at
baseline and an additional 5 patients with new-onset atrial fibrillation
at 1 year were excluded from grading of diastolic function. Echocar-
diographic images of 10 patients were analyzed on two separate occa-
sions 10 days apart by the same observer to test for reproducibility of
various measurements. The intraobserver tests showed excellent re-
producibility, with intraclass correlation coefficients (95% confidence
intervals ) 0f0.99 (0.98 to 0.99) for LV mass, 0.98 (0.98 to 0.99) for left
atrial volume, 0.99 (0.98 t0 0.99) for LV volume, 0.99 (0.95 to 1.00) for
ejection fraction, 0.98 (0.97 to 0.99) for peak E wave, 0.96 (0.93 to
0.99) for peak Awave, 0.97 (0.94 to 0.97) for Sm, 0.96 (0.84 to 0.99) for
Em, and 0.98 (0.92 to 1.00) for Am.

Biochemical Analysis
EDTA and heparinized blood samples were collected at baseline and 1

year at the time of echocardiography for measurement of serum urea,
creatinine, calcium, phosphorus and albumin, urate, fasting glucose,
total cholesterol, LDL cholesterol, triglyceride, and blood hemoglobin
in a standard hospital biochemistry laboratory.

Statistical Analyses
Continuous data are expressed as mean=SD or median (IQR), de-

pending on the distribution of data, and categorical data are
expressed as number (percentage). Comparisons in the various pa-
rameters between baseline and 1 year were performed by the paired
t test for continuous data or McNemar test for categorical data. Gen-
eral linear model was used to compare differences in various param-
eters at baseline and 1 year among the three CKD groups, adjusting
for age and sex. Changes in the various parameters over 1 year are
expressed as median (IQR) because of non-normal distribution, and
comparisons among the three groups were done using the Kruskal—
Wallis test.

Changes in LV mass index, volume index, LAV, ejection fraction,
midwall fractional shortening, and Sm over 1 year were stratified by
the median. “Progressors” in LV mass index, volume index, and LAVi
were defined as those with changes in the corresponding echocar-
diographic parameters over 1 year in the upper 50th percentile.
Progressors in ejection fraction, midwall fractional shortening, and
Sm were defined as those with changes in ejection fraction, midwall
fractional shortening, and Sm over 1 year in the lower 50th percen-
tile. Progressors in diastolic dysfunction grade referred to those with
diastolic function that deteriorated by =1 grade, defined using a
combination of LAVi, Em, and E/Em according to the American
Society of Echocardiography.!® Patients with improved or the
same diastolic dysfunction grade after 1 year were classified as
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nonprogressors in diastolic dysfunction. Multiple logistic regression
analysis was performed to determine the importance of baseline
CKD stages in predicting progressors in various echocardiographic pa-
rameters, adjusting for age, sex, baseline echocardiographic parameters,
and other confounding covariates in a stepwise fashion. Statistical analysis
was performed using SPSS software, version 20.0 (SPSS, Inc., Chicago,
IL). A two-sided P value <0.05 was considered to indicate statistical sig-
nificance.
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