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Abstract

Background—The relationship of coronary artery calcium (CAC) with adverse cardiac
remodeling is not well established. To study the association of CAC in middle age and change in
CAC from early adulthood to middle age with left ventricular (LV) function.

Methods—CAC score was measured by computed tomography at CARDIA study year-15 (Y15)
and at Y25 examinations in 3,043 and 3,189 participants, respectively. CAC score was assessed as
a continuous variable and log-transformed to account for nonlinearity. Change in CAC from Y15
to Y25 was evaluated as the absolute difference of log-transformed CAC from Y15 to Y25. LV
structure and function were evaluated by echocardiography at Y25.

Results—At Y25, mean age was 50.1+3.6 yr, 56.6% women, 52.4% black. In the multivariable
analysis at Y25, higher CAC was related to higher LV mass (p=1.218, adjusted-p=0.007), higher
LV end-diastolic volume (p=0.811, adjusted-p=0.007), higher LV end-systolic volume ($=0.350,
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adjusted-p=0.048), higher LA volume (p=0.214, adjusted-p=0.009), and higher E/e’ ratio
(p=0.059, adjusted-p= 0.014). CAC was measured at both Y15 and Y25 in 2,449 individuals.
Higher change in CAC score during follow-up was independently related to higher LV mass index
in blacks (p=4.789, adjusted-p<0.001), but not in whites (p=1.051, adjusted-p=0.283).

Conclusions—Higher CAC in middle age is associated to higher LV mass and volumes, and
worse LV diastolic function. Being free of CAC from young adulthood to middle age correlates to
better LV function at middle age. Higher change in CAC score during follow-up is independently
related to higher LV mass index in blacks.

INTRODUCTION

Coronary heart disease is a substantial public health problem and a major cause of heart
failure worldwide 1. Identification of asymptomatic individuals with subclinical
atherosclerosis is important to determine strategies to prevent left ventricular (LV)
impairment.

Coronary artery calcium (CAC) score measured by computed tomography (CT) is an
established independent biomarker of cardiovascular risk and is associated with the presence
and extent of subclinical coronary artery disease and increased coronary events 2 3,
Moreover, progression in CAC score, assessed by CT performed in two different time points,
is related to higher risk of future adverse cardiovascular outcomes 4 °.

Recent studies have demonstrated the association between CAC and LV function assessed
by LV myocardial strain using cardiac magnetic resonance imaging in a predominantly
elderly population ® 7. However, the relationship between CAC with LV structure and
function in middle-aged individuals is not well established. This is of particular interest,
since middle age is a period when subclinical LV impairment may be observed prior to an
increase in heart failure incidence 1. Furthermore, the relationship between change in CAC
score over time and LV remodeling are not well understood.

Therefore, we aim to evaluate the association of levels of CAC score measured by CT with
LV structure and function assessed by echocardiography, and to explore the relationship of
change in CAC score from early adulthood to middle age and LV remodeling in a large
biracial cohort.

METHODS

Data Availability

The CARDIA Study has provided National Heart, Lung and Blood Institute (NHLBI) Data
Repository Datasets for exams conducted during Years 0-25, as well as for follow-up
contacts for which data collection has been completed for at least five years, and for
adjudicated morbid and mortal events. The NHLBI distributes these data; additional
information, including the procedures on how to request these data, can be found on the
NHLBI web site: biolincc.nhlbi.nih.gov/studies/cardia/
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Study Population

CARDIA is a multicenter prospective study that initially enrolled 5,115 healthy black and
white adults (18-30 years) from four United States field centers (Birmingham, AL; Oakland,
CA,; Chicago, IL; Minneapolis, MN) in 1985-1986. In the year-15 (Y15) follow-up (2000—
2001), 3,043 participants underwent CAC assessment using cardiac CT. In the year-25 (Y 25)
examination (2010-2011), 3,189 individuals underwent both echocardiography and cardiac
CT. A total of 2,449 participants had CAC score measured at both Y15 and Y25 follow-up.
The institutional review board at each site approved the study protocol and all participants
gave informed consent. All participants underwent clinical assessment, as detailed in the
supplementary data.

Computed Tomography Acquisition and Analysis

Standardized protocols for data collection were used to obtain cardiac CT scans at four
CARDIA study sites, as previously published.8 Briefly, CAC score was measured using
either a cardiac-gated electron beam CT scanner or a multidetector CT system during the
2000-01 exam (Y'15) and on 64-channel multidetector CT systems in 2010-11. The protocol
for acquisition and analysis has been previously reported. Briefly, the ECG-triggering was
set at 80% of the R-R interval for electron beam CT and at 50% of the R-R interval for four-
detector row CT. In the Y15 follow-up, the LightSpeed QXi system used retrospective
cardiac gating, and the image was selected by using an automated program designed for this
reason (SmartScore; GE Medical Systems) in a post-processing step. Two sequential heart
scans were acquired to obtain a mean score in Y15, while a single heart scan was performed
in Y25. Technicians were trained to measure CAC using the Aquarius Workstation software
(TeraRecon Inc., Foster City, CA) in Y25. A minimum pixel attenuation of 130 HU
(standard threshold) was used to calculate CAC score. Observed agreement between two
consecutive CT scans of the same participant for the presence of calcified coronary artery
plaque was 96% and the k-statistic of 0.77 indicates strong agreement.

Echocardiography

LV structure and function were assessed at Y25 follow-up using two-dimensional
echocardiography using Artida ultrasound system (Toshiba Medical Systems, Japan), and
the commercially available DigiView software (Digisonics Inc., USA), following
standardized protocols across the four field centers by experienced and certified
sonographers and readers.

LV mass was derived from the Devereux formula. LV volumes and ejection fraction (LVEF)
were estimated by bi-planar Simpson’s method. Diastolic function was evaluated by
parameters derived from pulsed-Doppler: early peak diastolic mitral inflow velocity (E
wave), and from tissue-Doppler: early peak diastolic mitral annular velocity (e’), measured
at septal and lateral mitral annulus and presented as the average of both measurements. E/e’
ratio was calculated as an index of LV filling pressure. Left atrial (LA) volume was also
assessed, using disk summation algorithm at apical four-chamber view.

LV myocardial deformation was assessed by two-dimensional speckle tracking
echocardiography using the certificated Advanced Cardiology Package Wall Motion 2D
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Tracking (Toshiba Medical Systems Co., Japan), version 3.0, as previously described.® More
negative values of LV longitudinal strain indicate greater LV systolic shortening (better
systolic function).

Reproducibility of echocardiographic variables in the CARDIA year-25 examination has
been previously published elsewhere.19 Briefly, inter-reader coefficient of variation of LV
ejection fraction and LV longitudinal strain were 7.7% and 10.4%, respectively.

Statistical Analysis

Continuous data are expressed as mean = standard deviation if normally distributed, and as
median and interquartile range if not normally distributed. Categorical variables are
presented as counts and percentages. Data distributions were checked by histograms and
Shapiro-Wilk test. Because CAC score was not normally distributed, it was log-transformed.
Multivariable linear regression analysis was conducted to verify the association of CAC
score at Y25 (independent variable) with continuous variables of LV structure and function
(dependent variables), adjusted for Y25 covariates: age, sex, race, educational years, body
mass index, systolic blood pressure, antihypertensive medication use, total cholesterol,
HDL-cholesterol, lipid lowering medication use, diabetes mellitus, smoking status, alcohol
consumption, and physical activity.

Currently, several algorithms to define CAC progression are available in the literature and
there is no established gold standard. In this present study, we defined change in CAC score
as the change in log-transformed CAC score at Y25 and log-transformed CAC score at Y15,
as previously describe.11

To explore the relationship between change in CAC score (independent variable) and
continuous variables of LV structure and function (dependent variables), multivariable linear
regression models were adjusted for Y15 covariates and 10-year change in risk factors (body
mass index, systolic blood pressure, total cholesterol, HDL-cholesterol, alcohol
consumption, and physical activity), and chronic risk exposure (antihypertensive or lipid
lowering medication use: consistent use at Y15 and Y25, use at Y15 but not at Y25 and vice
versa compared to never use at Y15 and Y25; diabetes mellitus at Y15 and new onset of
diabetes mellitus at Y25; smoking: current and former versus never).

Student’s T-test was used to compare normally distributed continuous variables of those free
of CAC from Y25 to Y15 with those with any CAC at Y15 or Y25.

Interaction terms were applied to multivariable linear regression models to verify whether
the associations of CAC score with echocardiographic variables are modified by sex and
race.

Benjamini-Hochberg procedure was used to adjust p-values for multiple comparisons by
controlling false discovery rate.

Two-sided p-values < 0.05 were considered statistically significant. All analyses were
performed using Stata Statistical Software 14.2 (College Station, TX:StataCorp).
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RESULTS

Participant Characteristics

Baseline characteristics of individuals with CAC score measured at Y25 (n=3,189) are
shown in table 1. Mean age of those with CAC score measured at Y25 was 50.1+3.6 years,
57% were women, and 52% were whites. Use of antihypertensive medication was reported
by 27% of the participants, while 16% of the participants reported use of lipid lowering
medication. Diabetes mellitus was found in 13% individuals. Current, former and never
smokers were 17%, 23%, and 60%, respectively. A total of 2,449 participants had CAC
score measured at both Y15 and Y25.

CAC score and LV structure and function
At Y25, CAC score equals zero was found in 2,282 (72%) participants.

In the univariate linear regression analysis, higher CAC score was significantly related to
higher LV mass index, higher LV end-diastolic and systolic volumes, higher LV longitudinal
strain (worse systolic function), higher LA volume index, and higher E/e’ ratio, adjusted-p <
0.001 for all. LV ejection fraction was not significantly related to CAC score (adjusted-
p=0.071).

In the multivariable model, after adding demographics and traditional cardiovascular risk
factors to the model, higher CAC score remained significantly associated with higher LV
mass (B = 1.218, adjusted-p = 0.007), higher LV end-diastolic volume (f =0.811, adjusted-p
= 0.007), higher LV end-systolic volume (p = 0.350, adjusted-p = 0.048), higher LA volume
index (B =0.214, adjusted-p= 0.009), and higher E/e’ ratio (B = 0.059, adjusted-p = 0.014),
table 2.

Exploratory Analysis of Change in CAC score and LV structure and function

From Y15 to Y25 examinations, 1,721 participants had no CAC in both assessments. Of
those in the CAC change category, 488 (77%) had CAC score equals zero 10 years before. In
a multivariable linear regression analysis, CAC score progression was independently related
to increasing age, male sex, black race, higher systolic blood pressure, use of
antihypertensive medication, higher total cholesterol, use of lipid lowering medication,
diabetes mellitus, and current smoking, supplemental table 1.

Compared to individuals with any CAC at Y15 or Y25, those free of CAC from Y15 to Y25
demonstrated at Y25 lower LV mass index (93 + 24 vs. 83 + 20 g/m?2, p < 0.001), lower LV
end-diastolic volume (118 + 30 vs. 108 = 28 mL p < 0,001), lower LV end-systolic volume
(42 £ 16 vs. 46 + 18 mL, p < 0.001), lower LV longitudinal strain reflecting better systolic
function (-14.8 + 2.4 vs. =15.2 £ 2.4%, p = 0.001), lower LA volume index (25.7 + 7.6 vs.
24.8 + 7.0 mL/m2, p = 003), and lower E/e’ ratio (8.0 + 2.4 vs. 7.8 £ 2.2, p = 0.016),
whereas no difference was found for LV ejection fraction, table 3.

In the univariate linear regression analysis, higher change in CAC score was significantly
associated with higher LV mass index (adjusted-p = 0.002), higher LV end-diastolic and
systolic volumes (adjusted-p=0.002 for both), higher LV longitudinal strain reflecting worse
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systolic function (adjusted-p=0.002), higher LA volume index (adjusted-p=0.007), and
higher E/e’ ratio (adjusted-p=0.004). LV ejection fraction was not significantly related to
CAC score (adjusted-p = 0.119).

After adjusting for Y15 demographics and cardiovascular risk factors, 10-year change in risk
factors, and chronic risk exposure to the model, only the association of higher change in
CAC score with higher LV mass index remained statistically significant (3=2.508, adjusted-
p=.007), table 4.

Race and Sex Differences

A significant interaction between race and both CAC score and change in CAC score in the
multivariable linear regression models for LV mass index was found. In a stratified analysis
by race, blacks showed a synergistic interaction with CAC score at Y25, with higher -
coefficients in the association of log-transformed CAC score with LV mass (f = 2.071, SE =
0.339, p <0.001) compared to whites (f = 0.539, SE = 0.271, p = 0.047) at Y25. While the
relationship of change in CAC score with LV mass index was significant in blacks (f =
4.789, SE = 1.263, p < 0.001), but not in whites ( = 1.051, SE = 0.979, p = 0.283), figure 1.

Race difference was also found in the multivariable linear regression model for the
association of CAC score at Y25 and E/e’ ratio, which was significant in blacks (B = 0.108,
SE =0.037, p = 0.004), but not in whites (f = 0.027, SE = 0.027, p = 0.398).

Interaction terms of sex and CAC were not statistically significant.

DISCUSSION

This study reports the relationship between both CAC score and change in CAC from young
adulthood to middle age with LV structure and function assessed by two-dimensional
echocardiography in an asymptomatic large biracial cohort. Independent associations of
higher CAC score with higher LV mass index, higher LV volumes, higher LV filling
pressures, and higher LA volume index were found in individuals at middle age. Moreover,
in an exploratory analysis, individuals free of CAC over 10 years of follow-up demonstrated
lower LV mass and volumes, as well as better echocardiographic indices of LV systolic and
diastolic function. After adjusting for baseline (Y15) demographics and cardiovascular risk
factors, 10-year change in risk factors, and chronic risk exposure, higher CAC score
remained independently related to higher LV mass index. Furthermore, we found race
differences in the relationship between CAC and adverse cardiac remodeling. A synergistic
interaction was found between black race and CAC score at Y25 on both LV mass index and
LV filling pressures. Of note, in a stratified analysis, change in CAC was related to higher
LV mass in blacks, but not in whites.

The association of higher levels of CAC with LV mass was a prominent finding in our study.
Previously, Tong et al. reported a significant correlation between higher CAC with an
increase in LV mass index in an investigation including 159 African-American individuals
12 Also, Madaj et al. showed a significant relationship between CAC and LV mass both
assessed by CT in 230 healthy subjects 12. In the CARDIA study, Gardin et a/. exhibited an
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independent association of LV mass at year-5 and positive CAC at Y15 4. Our findings are
consistent with these results, and importantly extend them by demonstrating independent
association of change in CAC score with higher LV mass index in African Americans over
10 years of follow-up.

The observed relationship between CAC with LV mass, at least in part, may result from a
potential increase of LV filling pressures due to silent ischemia in individuals with higher
burden of coronary atherosclerosis, marked by higher and progressive levels of CAC.
Supporting this hypothesis, our results also show association of CAC score and CAC
progression with higher LV filling pressures and higher LA volume index, a marker of
chronic elevation in LV diastolic pressures.

Of note, LVEF was not associated with CAC score or change in CAC score. However,
individuals with higher CAC score had worse LV myocardial strain, suggesting subclinical
LV systolic impairment. The relationship of subclinical atherosclerosis and LV strain was
shown in prior studies using cardiovascular magnetic resonance imaging. In the MESA
study cohort, Fernandes ef a/. demonstrated a relationship between higher carotid intima-
medial thickness with worse segmental myocardial strain in asymptomatic individuals ’.
Also in the MESA study cohort, Edvardsen ef a/. found a reduction in segmental myocardial
strain assessed by MRI associated with higher CAC score in individuals with no history of
heart disease. Similar to our study, LVEF was not correlated with CAC score 6. Using
SPECT imaging, Anand ef a/. showed association of higher CAC score and more incidence
of myocardial perfusion abnormalities reflecting silent myocardial ischemia in those with
CAC score = 400 15, Another potential pathway to explain the relationship of CAC with LV
impairment, even in the absence of obstructive coronary artery disease, might be increased
peripheral resistance, endothelial dysfunction, and microembolization secondary to plaque
rupture.16

Progression of CAC score is associated with traditional cardiovascular risk factors and
increased risk for future cardiovascular events.* ® 17 In a prior study of this CARDIA
cohort, Gidding et al. reported that increase in CAC appears to be driven by baseline and
change in cardiovascular risk over time.18 Therapeutic interventions for cardiovascular risk
control, including statin therapy, have not been shown to slow progression of CAC, despite
lowering overall risk, which may reflect a plaque healing response to plaque stabilizing
therapies # 19 In a recent study, CAC progression was not associated with cardiovascular
disease after adjustment for the follow-up CAC, suggesting that if a serial CAC score is
performed, the latest examination should be used for risk assessment.2% Our findings showed
that, after adjusting for 10-year change in risk factors and chronic risk exposure, change in
CAC score remained related to higher LV mass index, although such association might be
explained, at least in part, by the relationship between positive CAC at Y15 and higher LV
mass index at Y25.

Importantly, the relationship between change in CAC score and LV mass index was
significant only in blacks. Moreover, black race had a synergistic interaction with CAC score
at Y25 in the model for LV mass index, while higher LV filling pressures was significantly
related to higher CAC at Y25 only in blacks. Race-differences in cardiac structure and
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function, as well as in cardiovascular mortality have been reported.2l: 22 The reason for the
greater propensity for adverse cardiac remodeling and cardiovascular events among blacks is
not fully understood. Genetic factors and environmental exposures might be implicated in
different cardiac remodeling pathways.

Finally, participants who remained free of CAC in this period of time exhibited at middle
age lower LV volumes, lower LV mass, and better systolic and diastolic functions compared
to those with CAC identified 10 years earlier. In prior study, a CAC score of zero was
associated with a low risk of mortality, which persists for more than 15 years, especially for
individuals younger than 60 years.23

LIMITATIONS

M-mode-derived LV mass was calculated using Devereux formula, which can be less
accurate in the setting of greater heterogeneity of segmental wall thickness or abnormal LV
shape. Nevertheless, M-mode-derived LV mass is a simple and quick measure, and subject
to less measurement variability, which are important advantages to study large populations,
such as CARDIA. Furthermore, most studies that associate LV mass to adverse
cardiovascular events are based on this method. The lack of echocardiographic assessment at
Y15 is a caveat regarding the interpretation of the results from the exploratory analysis of
the relationship between change in CAC score and echocardiographic parameters at Y25.
Cross-sectional associations between CAC and cardiac parameters at Y25 might have
existed at Y15, hence impacting on the subsequent changes and the associations detected at
Y25.

CONCLUSIONS

In middle age, higher CAC score were associated with cardiac adverse remodeling,
independent of demographics and traditional cardiovascular risk factors. In comparison with
individuals who remained free of CAC from young adulthood to middle age, those with
change in CAC score demonstrated higher LV mass and volumes, and worse LV myocardial
deformation and diastolic function at middle age. After adjusting for 10-year change in risk
factors and chronic risk exposure, change in CAC score remained independently related to
higher LV mass index in blacks, but not in whites.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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CLINICAL PERSPECTIVE

Coronary artery calcium (CAC) score is related to the presence and extent of coronary
artery disease and is a risk marker of cardiovascular events. Middle age is a period when
subclinical left ventricular (LV) impairment may be observed prior to an increase in
cardiovascular events. Our study showed that, in individuals at middle age, CAC score is
independent related to echocardiographic markers of adverse cardiac remodeling.
Furthermore, individuals free of CAC over 10 years of follow-up, from young adulthood
to middle age, had better echocardiographic indices of cardiac structure and diastolic
function at middle age. Of note, higher increase in CAC score over the follow-up period
was independently related to higher LV mass index. Importantly, black race showed a
significant interaction on the relationship between higher CAC at middle age and higher
LV mass index, while CAC score progression was independently related to higher LV
mass in blacks, but not in whites. Taken together, these findings suggest that a strict
cardiovascular risk factors control, starting during young adulthood, may result in better
cardiovascular function at middle age, especially in black individuals.
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Figure 1.
Linear regression analysis of the relationship between change in coronary artery calcium

score and left ventricular mass index stratified by race. CAC = coronary artery calcim; Cl =
confidence interval; LV = left ventricular.
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Characteristics of individuals with CAC score measured at year-25 examination

Table 1

Year-25 examination

Individuals with CAC score measured 3,189
Age (years) 50.1+ 3.6
Female 1805 (57%)
White 1672 (52%)
Education (years) 15+3
Body mass index (Kg/m?) 30371
Systolic blood pressure (mmHg) 119+ 15
Diastolic blood pressure (mmHg) 74+11
On use of antihypertensive medication (%) 873 (27%)
Heart rate (bpm) 67+11
Total cholesterol (mg/dL) 193 + 37
HDL-cholesterol (mg/dL) 58 +18
On use of lipid lowering medication (%) 503 (16%)

Diabetes mellitus

423 (13%)

Smoking status

Never 1908 (60%)

Former 691 (23%)

Current 541 (17%)
Alcohol consumption (mL/day) 2.4 [IQR: 0-15]
Physical activity (exercise units) 335+ 275

Page 13

Variables normally distributed are reported as mean + standard deviation; variables not normally distributed are expressed as median [interquartile
range]; categorical variables are reported as n (%).

CAC = coronary artery calcium; IQR = interquartile range
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Multivariable linear regression models for the association of log-transformed CAC score and LV structure and

function at Y25

Univariate Analysis

Multivariable Analysis*

Coefficient SE Adj ustedfp- Coefficient SE Adj ustedf

values p-values
LV Mass Index (g/m?) 2.408 0.206 <0.001 1.218 0.213 0.007
LV End-Diastolic Volume (mL) 2.784 0.282 <0.001 0.811 0.265 0.007
LV End-Systolic Volume (mL) 1.302 0.169 <0.001 0.350 0.165 0.048
LV Ejection Fraction (%) -0.126 0.070 0.071 -0.029 0.078 0.834
LV Longitudinal Strain (%) 0.111 0.024 <0.001 0.005 0.025 0.836
LA Volume Index (mLm?) 0.089 0.021 <0.001 0.214 0.074 0.009
E/e’ Ratio 0.193 0.047 <0.001 0.059 0.022 0.014

*
Adjusted for year-25 covariates: age, sex, race, educational years, body mass index, systolic blood pressure, use of anti-hypertensive medication,
total cholesterol, HDL-cholesterol, use of lipid-lowering medication, diabetes mellitus, smoking status, alcohol consumption, and physical activity.

7LP—vaIues adjusted for multiple comparisons using the Benjamini-Hochberg procedure.

CAC = coronary artery calcium; LA = left atrial LV = left ventricular; SE = standard error; Y25 = year-25 examination.

Circ Cardiovasc Imaging. Author manuscript; available in PMC 2020 June 14.



Yared et al. Page 15

Table 3.

Association of change in CAC score with LV structure and function at Y25
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10-Years Free of CAC | Presence of CAC at Y15 0r Y25 | p-value
LV Mass index (g/m?) 8320 93+ 24 <0.001
LV End-Diastolic Volume (mL) 108 + 28 118+ 30 <0.001
LV End-Systolic Volume (mL) 42 +16 46 £ 18 <0.001
LV Ejection Fraction (%) 62+7 61+8 0.350
LV Longitudinal Strain (%) -152+24 -148+24 0.001
LA Volume Index (mL/m2) 24870 25.7+7.6 0.003
E/e' Ratio 78+22 80+24 0.016

CAC = coronary artery calcium; LA = left atrial; LV = left ventricular; Y15 = year-15 examination; Y25 = year-25 examination
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Multivariable linear regression models for the association of change in log-transformed CAC score and LV
structure and function

Univariate Analysis

Multivariable Analysis*

Coefficient SE Adj ustedfp- Coefficient SE Adj ustedf

values p-values
LV Mass Index (g/m?) 6.919 0.742 0.002 2.508 0.771 0.007
LV End-Diastolic Volume (mL) 6.879 0.987 0.002 2.118 0.938 0.082
LV End-Systolic Volume (mL) 3.174 0.574 0.002 1.220 0.577 0.082
LV Ejection Fraction (%) -0.387 0.249 0.119 -0.416 0.279 0.238
LV Longitudinal Strain (%) 0.333 0.085 0.002 0.091 0.091 0.317
LA Volume Index (mLm?) 0.655 0.239 0.007 0.299 0.269 0.310
E/e’ Ratio 0.227 0.076 0.004 0.095 0.079 0.310

*
Adjusted for year-15 covariates (age, sex, race, educational years, body mass index, systolic blood pressure, use of anti-hypertensive medication,
total cholesterol, HDL-cholesterol, use of lipid-lowering medication, diabetes mellitus, smoking status, alcohol consumption, physical activity) and

for chronic risk exposure and 10-year change in risk factors.

fP—vaIues adjusted for multiple comparisons using the Benjamini-Hochberg procedure.

CAC = coronary artery calcium; LA = left atrial LV = left ventricular; SE = standard error; Y25 = year-25 examination.
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