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Methods
and results

We investigated whether the addition of left atrial (LA) size determined by echocardiography improves cardiovascular
risk prediction in young adults over and above the clinically established Framingham 10-year global CV risk score (FRS).

We included white and black CARDIA participants who had echocardiograms in Year-5 examination (1990—91). The com-
bined endpoint after 20 years was incident fatal or non-fatal cardiovascular disease: myocardial infarction, heart failure, cere-
brovascular disease, peripheral artery disease, and atrial fibrillation/flutter. Echocardiography-derived M-mode LA diameter
(LAD; n = 4082; 149 events) and 2D four-chamber LA area (LAA; n = 2412; 77 events) were then indexed by height or body
surface area (BSA). We used Cox regression, areas under the receiver operating characteristic curves (AUC), and net reclas-
sification improvement (NRI) to assess the prediction power of LA size when added to calculated FRS or FRS covariates. The
LAD and LAA cohorts had similar characteristics; mean LAD/height was 2.1 + 0.3 mm/m and LAA/height 9.3 + 2.0 mm?/m.
After indexing by height and adjusting for FRS covariates, hazard ratios were 1.31 (95% CI 1.12, 1.60) and 1.43 (95% CI 1.13,
1.80) for LAD and LAA, respectively; AUC was 0.77 for LAD and 0.78 for LAA. When LAD and LAAwere indexed to BSA, the
results were similar but slightly inferior. Both LAD and LAA showed modest reclassification ability, with non-significant NRIs.

Conclusion LA size measurements independently predict clinical outcomes. However, it only improves discrimination over clinical
parameters modestly without altering risk classification. Indexing LA size by height is at least as robust as by BSA. Further
research is needed to assess subgroups of young adults who may benefit from LA size information in risk stratification.
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IntrOduction diverse populations.* However, the additional predictive value of LA

size assessed in young adults over traditional risk factors is unclear.

The assessment of cardiovascular (CV) risk is recommended in youth by
using clinical parameters. However, the value of global risk scores (such
as described in the Framingham Heart Study) in adults aged <30 yearsis
unclear.™ Left atrial (LA) structure and function relate to ventricular
function.® CV mortality, myocardial infarction (MI), heart failure (HF),
stroke, and atrial fibrillation have all been predicted by LA size in

Atrial dilatation is the major marker of LA remodelling, an adaptive
process that relates to the duration and strength of the LA exposure
to stressing factors. As the atrium enlarges, the remodelling mechan-
ism involves microstructure alterations; markedly interstitial fibrosis
and myocyte hypertrophy.” The importance of LA remodelling in
young healthy adults, however, is not totally understood. In the
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Coronary Artery Risk Development in Young Adults (CARDIA)
study of risk evolution in young adults, LA size has shown a strong re-
lationship with traditional CV risk factors in both cross-sectional and
longitudinal assessments, but relationships with incident events have
not yet been reported.®™®

We hypothesized that LA size assessed in young healthy adults is
associated with future CV events, independently of CV risk predic-
tion provided by traditional risk factors. Using a large biracial
cohort of the CARDIA study, we investigate the additional predictive
value of LA diameter (LAD) and area (LAA) over the Framingham
10-year global CV risk score (FRS). Since the method of indexing
LA size to body size has not been established, we tested the relative
strength of different indexing methods on this CV event prediction.

Methods

Participant selection

As previously described, CARDIA isa prospective study that enrolled 5115
African-American and white adults (aged 18—30 years) from four US Field
Centers (Birmingham, AL; Oakland, CA; Chicago, IL;and Minneapolis, MN)
in 1985—86.” The entire cohort underwent echocardiograms at follow-up

Year-5 examination (1990—91); this was definedas baseline for the present
study. We included participants with interpretable echocardiograms and
complete data on covariates at baseline. Of the 4352 participants who
attended the Year-5 examination, 109 did not have echocardiography
data and one withdrew consent from the study. In the remaining 4242 par-
ticipants, 132 were missing covariate data, 28 missing LAD, and 1670
missing information on LAA. LAA assessment is more complex than
M-mode diameter and requires optimal 2D images. In CARDIA Year-5
examination, echocardiograms were focused to assess cardiac structure
and function using an M-mode technique; this reduced the number ofinter-
pretable 2D exams. This left 4082 participants in the analytic cohort for
LAD and 2412 for LAA analysis.

Echocardiography

Echocardiographic exams were performed using an Acuson cardiac
ultrasound system (Siemens Healthcare, Erlangen, Germany), as previ-
ously reported for the CARDIA study.'® The images were analysed at a
single Reading Center (University of California, Irvine, CA, USA) and fol-
lowed standard recommendations.”’ Parasternal long-axis 2D views
were used to guide the assessment of M-mode anteroposterior diameter
of the LA, and the areas were acquired from a 2D four-chamber view,
both measured at the point of maximum atrial volume (Figure 7). LA mea-
surements were indexed by height or body surface area (BSA).

Figure | lllustrative representation of the LA size assessment in two participants in the CARDIA follow-up Year 5. Participant A had normal find-
ings and B showed eccentric LA remodelling. Note that the M-mode anteroposterior diameters are similar in both participants (A.1and B.1), but the

2D areas are markedly different (A.2 and B.2).
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Other variables

Assessment methods for risk factor variables have been described for the
CARDIA study."? Briefly, the use of anti-hypertensive medication and
smoking status were self-reported, assessed using questionnaires. Systol-
ic blood pressure (SBP) was the average of the last two measurements
(total of three). Diabetes was defined based on CARDIA examination
Years 0, 2, and 5 by the presence of one of the following criteria:
history of hypoglycaemic medication use or fasting glucose >126 mg/dL.

Cardiovascular outcomes

To assess CV risk in young asymptomatic adults, all major CV events
should be taken into account in a global assessment of risk." We used a
combined endpointthatincluded CV death, non-fatal Ml, HF, cerebrovas-
cular disease (stroke or transient ischaemic attack—TIA), peripheral
artery disease, and atrial fibrillation/flutter (AFib). These events include
the ones described in the FRS original publication,” adding AFib due to
its high relevance in LA remodelling.®

Participants were interviewed during their scheduled study examina-
tions and by telephone yearly regarding hospitalizations and outpatient
procedures. Vital status was checked every 6 months. Inpatient and out-
patient medical records and/or death certificates were requested and
reviewed by two members of the endpoints committee during the
process of adjudication for CV events. Atrial fibrillation or flutter cases
were identified based on participants’ medical records using a combin-
ation of physician documentation of atrial fibrillation or flutter, electro-
cardiogram tracings and reports, and cardioversion attempts, and
documentation of appropriate anti-arrhythmic medication use in the
setting of an arrhythmia history. All records were reviewed by two
members of the endpoint committee which applied standard outcome
definitions contained in a detailed adjudication manual to classify
events. Committee consensus resolved eventual disagreements. For
the other outcomes, the ascertainment process has been previously
described in details.

Statistical analysis

We assessed the performance of LAA and LAD as predictors of CV
events in multivariable analyses adjusted for traditional CV risk factors.
The FRSis widely used to estimate CV riskin clinical settings using as trad-
itional risk factors: gender, age, BMI, total cholesterol, HDL cholesterol,
SBP, use of anti-hypertensive medication, diabetes status, and smoking
status. To assess the independent predictive ability of LA size, we
adjusted our analysis to the calculated FRS (computing the score) and
also ran the same analysis using the FRS covariates independently
included in multivariable models (not computing the score). To compute
the FRS, we calculated the per cent of risk as first described by D’Agostino
et al.” but modified the original calculation to include age as a continuous
variable in the models (because the CARDIA participants are younger
than the ones used in the FRS original publication).

The hazard ratios (HRs) of a 1 standard deviation (SD) difference of LA
atrial size were assessed by a multivariable Cox regression analysis
adjusted for race and' the computed FRS plus age; or® the FRS covariates.
Receiver operating characteristic (ROC) curves were used to determine
the differences in discrimination to predict CV events. The discrimination
improvement for the areas under the ROC curves (AUC) was assessed
using the method of Delong et al.”> All models had good calibration
as indicated by the Hosmer—Lemeshow test (data not shown). Net
reclassification improvement (NRI) and integrated discrimination
improvement (IDI) were calculated as first described by Pencina et al.'*
to evaluate the added predictive ability for LA size to the traditional
risk factors.

To calculate the reclassification performance, logistic regression
models were used to define four risk groups according to FRS results
with or without adding LA size information. The risk groups were
defined in each model based on the predicted risk <2.5%, 2.5—5.0%,
5.0-<10.0%, and >10% in 20 years, in accordance with advice to
select risk categories for reclassification tables that are clinically meaning-
ful.’® NRI is strongly influenced by the cut-points used for risk stratifica-
tion, and the most meaningful cut-points for LA size for young adults have
not been established. Previous reports used older populations to estab-
lish clinically meaningful categories cut-points, but these were thought to
be not adequate to a young healthy population as in CARDIA due to a
very different base risk for events. Reclassification tables were built and
risk groups (for FRS covariates with or without LA information) were
cross-tabulated, according to the presence of incident event during the
study follow-up period. After LA size information is added to the FRS,
a correct reclassification occurs when a participant who did not have
an event moves to a lower risk category or when a participant who had
an event moves to a higher risk category.

Results

CARDIA participants who attended the Year-5 examination and
underwent echocardiography were included in the study (Table 1).
The mean + SD values of LAD indexed to height and BSA were
2.07 + 0.27 mm/m and 1.93 4+ 0.24 mm/mz, respectively. The LAA
indexed by height and BSA was, respectively, 9.25 + 1.97 mm*/m
and 8.66 + 1.74 mm?/m”.

Participants were followed in average 19.4 + 2.3 years for those
who did not have any events. Of the 4082 participants in the LAD
cohort, 149 (3.7%) had events: 25.5% CV death, 24.2% non-fatal
M, 17.5% HF, 2.7% peripheral arterial disease, 5.4% TIA, 16.1%
stroke, and 8.7% AFib. In the assessment of LAA as a predictor of
CV events (n = 2412), 77 (3.2%) participants had events: 24.7% CV
death, 28.6% non-fatal MI, 15.6% HF, 2.6% peripheral arterial
disease, 3.9% TIA, 15.6% stroke, and 9.1% AFib.

Results for LA dimension

We analysed the independent ability of LAD to predict long-term CV
events, adjusted for the calculated FRS or the FRS covariates
(Table 2). The HRs ranged from 1.19 (95% Cl 1.02, 1.39) for LAD/
BSA adjusted for the calculated FRS to 1.34 (95% Cl 1.12, 1.60) for
LAD/height adjusted for FRS covariates. A modest increase in the
AUC was found for adding LAD to FRS; in this regard, LAD/height
had a slightly superior performance when compared with LAD/
BSA (Table 2). Although not reaching statistical significance, a trend
was found favouring AUC for LAD/height when compared with
LAD/BSA (P = 0.13 for models using FRS covariates and P = 0.08
for models using the calculated FRS).

The reclassification tables for adding LAD indexed by height or
BSA are summarized in Table 3, showing the number of participants
reclassified according to the presence or absence of CV event over
the 20-year follow-up period. Of the 3933 participants who did not
have incident events, 344 (8.8%) were correctly down reclassified
when LAD was indexed to height and 280 (7.1%) when LAD was
indexed to BSA. Among the 149 participants who had events over
the follow-up period, 13 (8.7%) were correctly up reclassified for
LAD/height and 9 (6.0%) for LAD/BSA. No statistically significant
NRI for LAD plus FRS compared with FRS covariates alone was
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Table I Participant characteristics at the CARDIA study examination Year 5, overall and in the analytic cohorts for LAD

and LAA

Variables Overall cohort (n = 4352) LAD cohort (n = 4082) LAA cohort (n = 2412)

Mean (SD) Mean (SD) Mean (SD)

Age (years) 30 (4) 30 (4) 30 (4)

BMI (kg/m?) 26 (6) 26 (6) 25 (5)

SBP (mmHg) 108 (12) 108 (12) 107 (11)
Total chol (mg/dL) 178 (34) 178 (34) 176 (33)
HDL-C (mg/dL) 53(14) 53 (14) 53 (14)

% % %

White race 51 52 51

Male gender 45 46 48
Current smoker 29 28 28
Anti-HTN medication 1.6 1.5 1.3
Diabetes 0.9 0.8 0.7

SD, standard deviation; BMI, body-mass index; SBP, systolic blood pressure; LAD, left atrial diameter assessed by M-mode echocardiography; LAA, left atrial area assessed by 2D
four-chamber echocardiography; total chol, total cholesterol; HDL-C, high-density lipoprotein cholesterol; anti-HTN medication, anti-hypertensive medication.

Table2 Cox regression HRs and AUC for LAD predicting CV events (n = 4082; 151 events)

Predictor FRS covariates

HR (95%CI) ...................... AUC(95%CI)
LAD/height 1.34 (1.12,1.60) 0.774 (0.735,0.812)
LAD/BSA 1.26 (1.07,1.48) 0.770 (0.731, 0.809)

Calculated FRS

1.28 (1.10, 1.50)
1.19 (1.02,1.39)

0.768 (0.728, 0.808)
0761 (0.720, 0.801)

HR refers to 1 SD increase. AUC for FRS covariates alone = 0.767 (0.727, 0.807) and for calculated FRS alone = 0.759 (0.718, 0.800). The FRS covariates includes: gender, age, BMI,
total cholesterol, HDL, SBP, use of anti-hypertensive medication, diabetes status, and smoking status.
LAD, left atrial diameter; BSA, body surface area; Cl, confidence interval; FRS, Framingham 10-year global CV risk score.

found; the NRl values were 0.033 (P = 0.31) and 0.018 (P = 0.53) for
LAD/height and LAD/BSA, respectively. A trend in significance was
found for IDI, LAD/height had an IDI of 0.0053 (P = 0.09), and
LAD/BSA had an IDI of 0.0040 (P = 0.08).

Results for LAA

LAAwasassessedas anindependent CV event predictor, afteradjust-
ment to the calculated FRS or the FRS covariates (Table 4). The Cox
regression HRs for both indexing methods were statistically signifi-
cant, ranging from 1.36 (95% ClI 1.09, 1.70) for BSA indexation
adjusted for the calculated FRS to 1.43 (95% Cl: 1.13, 1.80) for index-
ing LAA by height and adjusting for FRS covariates. No statistical sig-
nificance was found comparing AUC for LAA indexed by height or
BSA (P=0.61 for models using FRS covariates and P = 0.57 for
models using the calculated FRS).

Reclassification tables for adding LAA to risk factors are reported
in Table 5. Of the 2335 participants who did not have incident events,
246 (10.5%) were correctly down reclassified by adding LAA/height
to FRS and 229 (9.8%) by adding LAA/BSA. Among the 77 who had
events over the follow-up period, 11 (14.3%) and 12 (15.6%) were
correctly up reclassified when LAA was indexed to height and BSA,
respectively. Similar to LAD, LAA did not show statistically significant

NRI values; the computed NRIs were 0.050 (P = 0.40) and 0.055
(P = 0.36) for LAA indexed by height and BSA, respectively. No sig-
nificant value was found for IDI regarding LAA, LAA indexed by
height had IDI = 0.0047 (P = 0.26), and indexed by IDI = 0.0053
(P =0.20).

Discussion

We assessed the 20 prediction power for CV events of LAAand LAD
in a large bi-racial cohort of young adults. As recommended by the
American Heart Association, reclassification statistics were applied
to estimate how LA size could aid in risk stratification for young
adults."® LA size measurements independently predicted clinical out-
comes but only modestly improved discrimination and showed no
improvement in risk classification. Different indexing methods for
LA size were tested for event prediction. In this regard, indexing
LAD and LAA by height was slightly better than those by BSA.

CV disease is a rising concern worldwide, frequently presenting as
the mortality in the first manifestation of CV disease."” The ability to
identify high CV risk individuals is essential for planning primary pre-
vention strategies.’ Young asymptomatic subjects may benefit from
early CV risk stratification, but the traditional risk assessment tools
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Table 3 Reclassification table: absolute number of participants classified in each risk strata of FRS covariates vs. adding
information on LAD

Risk category No event (n = 3933) Events (n = 149)
FRS+LADIhe|ght FRS+LADIhe|ght ............................................
Sy SR Tae ol e SR R TR ol e
FRS
<2.5% 2076 136 0 0 25 5 0 0
2.5-4.9% 195 698 113 3 4 30 3
5.0-9.9% 1 107 362 40 0 5 27 5
> 10% 0 1 40 161 0 0 1 44
FRS + LAD/BSA FRS + LAD/BSA
FRS
<2.5% 2100 m 1 0 27 3 0 0
2.5-4.9% 159 755 93 2 3 32 2 0
5.0-9.9% 0 90 391 29 0 4 29 4
>10% 0 0 31 171 0 0 1 44

LAD, left atrial diameter; BSA, body surface area; FRS, Framingham 10-year global CV risk score.

Table4 Coxregression HRs and AUC for LAA predicting CV events (n = 2412; 78 events)

Predictor FRS covariates Calculated FRS

iR (95%CI) ...................... AUE (95% CI) e iR (95%CI) ...................... AUe (95% CI) e
LAA/height 143 (1.13,1.80) 0.784 (0.734,0.834) 1.39 (1.12,1.73) 0.766 (0.712,0.819)
LAA/BSA 142 (1.13,1.78) 0.783 (0.732,0.833) 1.36 (1.09, 1.70) 0.763 (0.709, 0.818)

HR refersto 1 SD increase. In this subsample, AUC for FRS covariates alone = 0.763 (0.710, 0.817) and for calculated FRS alone = 0.749 (0.694, 0.804). The FRS covariates includes:
gender, age, BM, total cholesterol, HDL-C, SBP, use of anti-hypertensive medication, diabetes status, and smoking status.
LAA, left atrial area; BSA, body surface area; Cl, confidence interval; FRS, Framingham 10-year global CV risk score.

Table 5 Reclassification table: absolute number of participants classified in each risk strata of FRS covariates vs. adding
information on LAA

Risk category No event (n = 2335) Events (n = 77)
FRS+LAAIhe|ght FRS+LAAIhe|ght ............................................
PRI SErae Coleen T e SRR SElae Soleen T e
FRS
<2.5% 1339 81 5 0 13 4 0 0
2.5-4.9% 146 327 73 1 1 16 5 0
5.0-9.9% 2 75 157 30 0 4 11 2
>10% 0 1 22 76 0 0 4 17
FRS + LAA/BSA FRS + LAA/BSA
FRS
<2.5% 1337 83 4 1 11 6 0 0
2.5-4.9% 138 336 72 1 1 17 4 0
5.0-9.9% 0 73 160 31 0 4 11 2
>10% 0 1 17 81 0 0 4 17

LAA, left atrial area; BSA, body surface area; FRS, Framingham 10-year global CV risk score.
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have not been rigorously evaluated in this age group.™'® We expected
that LA size, as a validated predictor of CV events, would aid in risk
stratification of young adults, particularly those with high risk burden
that are underestimated by the FRS."®

LA size relates to left ventricular filling pressures and, therefore,
diastolic dysfunction. The LA is likely to remodel early before clinical
heart disease is established, since diastolic function is more likely to
become impaired earlier during progression of cardiac dysfunction.
In fact, LA size provides strong prognostic information in patients
with established heart disease. Meris et al."’ prospectively followed
610 post-Ml patients from the VALIANT echocardiography study
and showed that LA volume indexed by BSAwas an independent pre-
dictor of all-cause mortality or HF hospitalization. Vazquez et al.*°
investigated ambulatory patients with chronic HF and showed that
LA size was a strong predictor of all-cause death, pump-failure
death, or sudden cardiac death.

Although the LA in many cases enlarges in a non-uniform 3D
geometry, both M-mode and 2D echocardiography techniques
have become established to estimate LA size.>?" It has been shown
that 2D measurements as of LAA and particularly LA volume are
more accurate to assess LA size, as they account for eccentric remod-
elling. M-mode LA anterior—posterior diameter is a highly precise
measure, probably due to the simplicity of image acquisition and in-
terpretation. However, more steps are required to compute 2D
volumes, especially when assessing biplanar LA volume, which
likely affects the measurement precision.

Tsang et al. assessed American Society of Echocardiography-based
categories ofindexed LAvolume, LA four-chamberarea, and indexed
LAD in 317 patients (70 years in average) in sinus rhythm who were
referred for a general medical consultation and followed them overa
mean period of 3.5 + 2.3 years for new events of AFib, stroke, TIA,
MI, coronary revascularization, HF, and CV death. In this elderly
population of outpatients, the authors show slightly better area
under the curve for LA volume categories compared with area and
diameter, but failed to report superior results for outcome predic-
tion HRs.?> Cameli et al. reported similar results after following
312 adults (71 years in average) in sinus rhythm over 3.1 + 14
years. Although the assessment of LA function by speckle tracking
echocardiography had the most robust results, sensitivity and speci-
ficity confidence intervals overlapped for LA volume, LAA, and LA
diameter categories.”®

The role of LA size predicting global CV events in early adulthood,
however, is less well understood. We assessed a substantially
large cohort of young healthy individuals over a 20-year follow-up
period. In our study, both LAA and LAD measured in early adulthood
are able to independently predict a combined endpoint of CV events.
It is unlikely that LA eccentric remodelling would be significantly
prevalent in our young and generally healthy population. Compared
with LA volume, LAA and LAD are simpler measurements, which
may reduce technical variation. Using both LAA and M-mode
diameter, we acquired LA linear and 2D measurements, which we
believe are adequate to the young and healthy CARDIA cohort.
Moreover, the more recently recommended statistical evaluation
that includes Cox regression models as well as discrimination,
calibration, and reclassification® had not been assessed until now
to establish the additional predictive value of LA size in CV risk
stratification.

When added to the FRS CV risk factors, LA size improved
modestly discrimination in our study, as assessed by the AUC.
In fact, the FRS CV risk score alone already showed powerful CV
event prediction ability. This FRS good performance in our young
cohort may be the major factor related to the modest increases in
discrimination found in our study.** This also may partially explain
the inability to correctly reclassify risk by using NRI and IDI assess-
ment. NRI performance for LA size may also be influenced by the
lack of pathological remodelling in a young cohort of generally
healthy individuals. LA size may be more useful improving risk classi-
fication in subgroups of young adults with risk factors, but the low
number of events in our young population would affect the statistical
power to investigate multiple subgroups of participants in CARDIA.
A prospective study dedicated to a young population with comorbid-
ities would be needed to answer this question.

The best way to index heart measures to body size is not totally
clear, asindexing appears to affect the performance of cardiac para-
meters to predict CV events.”>*® Height seems to be the most ad-
equate indexing method for heart parameters in mathematical
models.”> Moreover, compared with BSA, indexing LA size by
height was more robust to assess longitudinal changes in the
CARDIA cohort.® Although no definitive difference was reported
in our study, HRs consistently favoured indexing LA size by height
and we found a statistical trend in the LAD AUC models in the
same direction. Indexing LA by height in young adults may also be
the most appropriate method to predict long-term events. Al-
though the reports favour LA indexation by height in the
CARDIA study, these findings should be further tested in other
cohorts.

Our study also showed that LAA and LAD measured in young
adulthood can independently predict CV events over a 20-year
period and may lead to a modest increment in discrimination com-
pared with risk factors alone. However, these measures did not
improve reclassification of participants above conventional CV risk
factors. Although no definitive conclusion regarding LA indexing
can be driven from our study, HRs consistently favoured indexing
LA size by height and a trend in discrimination also favoured LAD/
height. Further research on the value of LA size in event prediction
should focus on identifying subgroups of young adults (possibly
with multiple risk factors) who may benefit of the use of LA size infor-
mation to better stratify CV risk.

Limitations

In this study, we used LAA and LAD assessment that is practical, low
cost, and validated, but may lack accuracy to completely account for
LA eccentric remodelling. At the time that the CARDIA Year 5 was
performed, the M-mode technique was the standard assessment of
LA size and the only 2D LA assessment was four-chamber LAA, feas-
ible in a limited number of participants. Attempts to reassess 2D
images in Year 5 are challenged by image deterioration over time
(images were originally recorded in video home system tapes).
Theincident CV events affected 3.7% of the cohort, which is lower
than other prospective studies. It may be explained by the low base
risk of this young population of healthy individuals. The relatively
low number of events affects the statistical power in subgroup
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analyses. Therefore, we could not assess how LA size would perform
in subgroups of participants with specific risk factors.
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