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Abstract

Carotid-femoral pulse wave velocity (PWV), a marker of arterial stiffness, is an established
independent cardiovascular (CV) risk factor. Little information is available on the pattern and
determinants of the longitudinal change in PWV with aging. Such information is crucial to
elucidating mechanisms underlying arterial stiffness and the design of interventions to retard it.
Between 1988 and 2013, we collected 2 to 9 serial measures of PWV in 354 men and 423 women
of the Baltimore Longitudinal Study of Aging, who were 21 to 94 years of age and free of
clinically significant CV disease. Rates of PWV increase accelerated with advancing age in men
more than women, leading to gender differences in PWV after the age of 50. In both sexes, not
only systolic blood pressure (SBP) =140mmHg, but also SBP of 120-139mmHg was associated
with steeper rates of PWV increase compared to SBP<120mmHg. Furthermore, there was a dose-
dependent effect SBP in men with marked acceleration in PWV rate of increase with age at SBP
>140mmHg compared to SBP of 120-139mmHg. Except for waist circumference in women, no
other traditional CV risk factors predicted longitudinal PWYV increase. In conclusion, the steeper
longitudinal increase of PWV in men than women led to gender difference that expanded with
advancing age. Age and systolic blood pressure are the main longitudinal determinants of pulse
wave velocity and the effect of systolic blood pressure on PWYV trajectories exists even in the pre-
hypertensive range.
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Introduction

METHODS

Avrterial stiffness is an age-related trait that has been long recognized as an important risk
factor for cardiovascular disease. Carotid-femoral pulse wave velocity (PWV) is generally
considered the gold standard measure of aortic stiffness in clinical practice as well as in
research studies 13, PWV is a risk factor for the development of hypertension in
normotensive populations*°, and an independent risk factor for coronary artery disease and
stroke in healthy subjects®. In addition, higher PWV is a significant predictor of mortality in
the general community-dwelling population’:8, in hospitalized older subjects?, as well as in
patients with hypertension10, and end-stage renal disease 11.

Despite its clinical significancel213, essentially no information is available on (1) the
pattern and rate of longitudinal changes in PWV within individuals of a general community-
dwelling population of a broad age spectrum, and (2) how longitudinal PWYV trajectories are
affected by blood pressure and other cardiovascular risk factors. Cross-sectional and short-
term longitudinal studies observed that age and blood pressure are major correlates of
arterial stiffness4-19, with little difference between genders, although some studies have
reported higher PWV in men 1819,

The Baltimore Longitudinal Study of Aging (BLSA), a large prospective cohort study with
repeated measures of PWV and risk factor assessment, provides an excellent opportunity to
examine the pattern and rate of longitudinal change in PWV within and among individuals.
We analyzed data from the BLSA aiming to (1) examine pattern and rate of longitudinal
trajectories in PWV, and to determine whether these trajectories differ in men and women,
and (2) examine whether blood pressure and other cardiovascular risk factors affect the
longitudinal rates of change in PWV. Such information is not only crucial with respect to
elucidating mechanisms that underlie arterial stiffening and predominately systolic
hypertension that accompanies advancing age, but also to the design of interventions and
clinical trials aimed at reducing or slowing arterial stiffnessZC.

Study Sample

The BLSA (Baltimore Longitudinal Study of Aging) is a prospective study of community-
dwelling volunteers who undergo approximately 2.5 to 3 days of medical, physiological, and
psychological examinations at regular intervals?l. Between 1988 and 2013, repeated PWV
measurements and medical, physiological assessments were performed on a subset of 943
BLSA participants. Those selected for the present analysis were chosen on the basis of
having repeated PWV and blood pressure measurements over time. Written, informed
consent was obtained from all study participants. The BLSA has continuing approval from
the Institutional Review Board (IRB) of the MedStar Research Institute, and the protocol for
the present study is also approved by the IRB of the Johns Hopkins School of Medicine. The
final sample consisted of 775 subjects and a total of 2400 repeated measures; a total of 168
subjects were excluded for evidence of clinical atherosclerosis and or aberrant PWV as
described in supplemental methods. Distribution of participants and follow ups visit by age
at entry is shown in Supplemental Table 1.

Carotid-femoral Pulse wave velocity

Carotid-femoral PWV was calculated as the distance traveled by the pulse wave divided by
the time difference between the feet of carotid and femoral arterial waveforms gated to
electrocardiogram. The distance traveled by the pulse wave was measured to the nearest
centimeter with an external tape measure over the body surface. Since body surface
measurements might result in overestimation of distance, and subsequently PWV, in those
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with larger body habitus, we performed a supplementary analysis using an alternative
estimation of distance derived from body height at initial visit (distance=first height
x0.29)22, Over the long follow up period, the device used to record arterial waveforms
changed. In the present analysis different devices had been used: 1. Transcutaneous Doppler
probes (model 810A, 9 to 10- Mhz probes, Parks Medical Electronics, Inc., Aloha, Oregon)
2. Complior SP device (Artech Medical, Paris, France)223, and 3. SphygmoCor system
(AtCor Medical, Sydney, Australia)?*. Please refer to supplemental methods for a detailed
description of the PWV measurement protocol and process of standardization across the
three devices.

Blood Pressure

Oscillometric brachial blood pressure was measured at the time of PWV measurement.
Hypertension was defined as blood pressure 2140/90mm Hg or the use of antihypertensive
medications (see supplemental methods). Subjects in each visit were categorized based on
their systolic blood pressure into 3 categories: <120, 120-139, and >140mmHg based on the
Seventh Report of the Joint National Committee on Prevention, Detection, Evaluation, and
Treatment of High Blood Pressure?,

Clinical variables

Height and weight were measured on all patients. Body mass index was determined as kg/
m?2. Waist circumference (WC) was measured as the minimal abdominal circumference
between the lower edge of the rib cage and the iliac crests. Subjects were classified to ever
vs. never a smoker. Use of medications was determined at each study visit. Diabetes mellitus
was defined as meeting the 2011American Diabetes Association criteria2® or the use of
diabetes medications. Hypercholesterolemia was defined as total serum cholesterol of 200
mg/dl or the use of lipid-lowering treatment.

Laboratory studies

Fasting plasma glucose, triglycerides (TG), total cholesterol, and high-density lipoprotein
(HDL) cholesterol were measured. Low- density lipoprotein (LDL) cholesterol
concentrations were estimated by using the Friedewald formula?’. Please, refer to the
supplemental methods for further details.

Statistical Analysis

Baseline variables for the men and women were reported and compared by Student’s t-test
and chi-square test. Linear mixed-effect models (LME) were implemented to assess the rate
and pattern of longitudinal change in PWV and the impact of SBP on these trajectories. The
LME model easily accommodates unbalanced, unequally spaced observations and,
consequently, is an ideal tool for analyzing longitudinal changes in data from an
observational study such as the BLSAZ28; all models included date of first visit to adjust for
cohort and period effects. Age was expressed as First-age (age at entry), and Time (follow
up time), to differentiate cross-sectional differences from longitudinal changes over time.
Gender difference was tested by running the model in the pooled data for men and women
with gender, genderx First-age, and gender x Time interaction terms. We fitted models in
different age subgroups to identify the age after which gender difference became significant.
Models were then run on men and women, separately. Predicted PWV, using gender-age
specific mean values for SBP and HR, and its rate of change per decade were plotted against
age in men and women. Additional models tested for the cross-sectional and longitudinal
association with other cardiovascular health-related covariates by including Time-covariate
interaction terms. Significant interaction terms for variables affecting longitudinal rates of
changes in PWV were included in the final model. LME regression with categories of SBP
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was performed to further assess the difference in the longitudinal change in PWV between
SBP categories after applying backward elimination of statistically non-significant terms in
the full model (Table 3). Quality of models was tested by the correlation between predicted
and observed PWV. All analyses were done using SAS for Windows (Version 9-2, Cary,
NC).

Men and women had similar age distribution and length of follow up (Table 1). Compared
to women, men were taller, heavier, had higher BMI, larger WC, and were more likely to
have ever smoked. Men also had lower HR and higher PWV, SBP, DBP, and MAP. There
was no gender difference in use of anti-hypertensive medications among hypertensive
subjects at baseline or by the end of follow up. Men had lower HDL cholesterol and higher
TG and glucose. Anti-HLP and anti-DM medications use was similar in both genders (Table
1).

Adjusting for systolic blood pressure (SBP), heart rate (HR), anti-hypertensive medication
use, and waist circumference we found no overall difference in PWV between men and
women when the full age spectrum was considered (p=0.12, P=0.298). However, we found
significant First-agexGender ($=0.25, P<.0001) and TimexGender (3=0.27, P=0.04)
interactions (Supplemental Table S2) indicating that gender differences emerged with
increasing age with men having steeper increase of PWV with age than women. To follow-
up on this finding, we fitted age-stratified models and found that, indeed, men had
significantly higher PWV than women only after age of 50 ($=0.305, P=0.045). To
investigate whether gender differences are a result of falsely elevated PWV in men due to
more prevalent central, android obesity, we repeated the analysis with PWV calculated using
distance estimated as 29% of height at first visit (see methods), and found similar results
(Supplemental Table S3)

When we fitted separate models for men and women, we found that in both sexes PWV was
higher with older age, and increased longitudinally within a given individual over time. The
First-age? and First-agexTime interaction terms were significant in men and women
indicating an accelerating increase in PWV with aging. However, men had a more
pronounced acceleration with aging evidenced by a significant First-age?xTime interaction
(Table 2). As expected, SBP, HR, and waist circumference were significantly and
independently associated with higher PWV in both men and women, whereas, anti-
hypertensive medications were not. To illustrate gender differences in changes in PWV with
aging, model-predicted PWV for age-gender specific mean values for SBP and HR were
plotted against age for men and women, separately (Figure 1A). Note the accelerating rates
of PWV increase per decade in men beyond the 5% decade (Figure 1B).

We tested for the association of PWV with SBP and other traditional cardiovascular risk
factors in additional models (Table 3). Higher SBP was associated with higher rate of PWV
increase, as evidenced by a significant SBPxTime interaction in both men ($=0.17,
p=0.004) and women ($=0.13, p=0.0167). Note that in men, there was a cross-sectional
independent association between PWYV and TG levels, while there was a cross-sectional
association of HR, waist-circumference, and fasting glucose with PWV in women.
Interestingly, in women higher WC was associated with a higher rate of PWV increase over
time, evidenced by a significant WCxTime interaction term. There was a trend towards an
association between non-white race and higher PWV that did not reach statistical
significance. There was no direct association with smoking, or LDL, major traditional CV
risk factors.
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We further dissected into the association between SBP and PWV by stratifying SBP into
three categories. Interestingly, in both men and women not only SBP=140mmHg, but also
SBP 120-139mmHg was associated with larger longitudinal increase in PWV compared to
SBP<120mmHg in a dose dependent fashion (Table 4). Furthermore, in men with SBP=140
mmHg, the magnitude of PWV increase over time accelerated with advancing age as evident
by a significant First-agexTimexSBP-category-3 interaction term (Table 4). Model-
predicted PWV and its rate of change per decade were plotted against age for the SBP
categories in men and women (Figure 2A-B). Note in Figure 2B that among men, SBP 120-
139mmHg was consistently associated with faster rates of PWV increase overtime (0.3—
1.7m/s per decade) compared to that at SBP<120mmHg (—0.2— 1.3 m/s per decade). Note
also in Figure 2B, among men SBP=140mmHg is not only associated with higher rate of
change over time than the other SBP categories, but that the rate of increase accelerated over
time beyond the age of 50 illustrating the First-agexTimexSBP-category-3 triple interaction
shown in Table 4. Similarly, in women there was a separation in the trajectories of PWV
between the SBP sub-groups (Figure 2C). It is worth noting that the rates of PWV increase
in women with SBP > 140mmHg was similar to that of SBP 120-139mmHg and relatively
more constant across the age spectrum compared to men.

DISCUSSION

Principle findings

This is the first extended longitudinal study of PWV in the general population of men and
women of a broad age spectrum and extensive clinical information available. We report
rates of PWYV increase per decade for men and women over a broad age range. Knowing the
magnitude and patterns of PWV increase over time is crucial to better estimate the duration
and sample size of clinical trials aimed at reducing or slowing arterial stiffening. One novel
findings of this study is that men had steeper longitudinal increase in PWV with aging
leading to higher PWV in men than women beyond the fifth decade. Another novel finding
is that elevated SBP, even in the prehypertensive range, was associated with higher rates of
PWV increase that persisted after adjusting for anti-hypertensive medications and other
traditional CV risk factors.

Differential rate of change in PWV between men and women leads to gender differences

We observed gender differences in PWV at higher but not younger age resulting from
accelerating rates of PWV increase with aging in men compared to slower rates of increase
in women. This difference was independent of distance measurement errors due to gender
differences in body habitus. Previous longitudinal studies did not report age-gender specific
rates of change in PWV>29:30 hence did not reveal such an observation. On the one hand
cross-sectional studies, limited by their design, report controversial results regarding gender
differences in PWV with only 15 out of 54 studies assessed in a systemic review showed
higher PWV in men?®. It is not clear why women did not experience acceleration in the rates
of PWV increase in the higher decades, however this might be linked to a similar pattern of
gender-differences in aortic remodeling3! with women having slower rates of aortic
dilatation, another aging phenomenon that accompanies arterial stiffness.

Arterial stiffness and systolic blood pressure: A vicious cycle?

The relationship between arterial stiffness and blood pressure is complex. Based upon
findings of this longitudinal analysis that higher SBP was associated with accelerated rate of
PWV increase, and the results of previous reports of higher PWV predicting the longitudinal
increase in SBP4®, the association between blood pressure and arterial stiffness may be best
described as “feed forward”, i.e. a vicious cycle. Our current findings of a dose-dependent
association of SBP with higher rates of PWV increase in SBP>140mmHg compared to 120—
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139mmHg and <120mmHg provide a rather strong indication of a potential role of higher
SBP in accelerated arterial stiffness. Specifically in men, this dose dependence of SBP on
PWYV and age gives rise to a triple interaction among age, time, and SBP (Table 4 and
Figure 2A, B). In other terms the impact of high systolic blood pressure (=140 mmHg) on
the rate of PWV increase over time in men increases with each successive decade. In
contrast, in females, the rate of increase in PWV in SBP=140mmHg did not accelerate with

aging.

The findings of this study are in agreement with a previous 2-wave longitudinal study
showing that PWYV accelerates at a greater rate in uncontrolled hypertensive patients
compared to controlled hypertensive patients and normotensive subjects??. However, the
aforementioned study did not address the association between SBP and rate of PWV
increase in the pre-hypertensive range. On the other hand, our findings differ from a recent
report from Framingham study where antecedent SBP was not independently associated
with PWV measurement at a future visit>. However, PWV was measured only 2 times, 7
years apart in the cited study. It is possible that the longer follow-up period and multiple
repeated measures of PWV at shorter intervals of 2.5 years on average might have increased
the power to detect the effect of SBP on the rate of PWV change with time.

Central obesity in women is associated with arterial stiffness

We observed an association between WC and higher rates of PWV increase in women with
higher WC having an additive rather than synergistic effect with SBP. This association
between PWV and waist circumference was attenuated, but remained significant when PWV
was calculated using body height-derived distance (Supplemental Table S3). This indicates
that overestimation of distance, and subsequently PWV, using body surface measurement
explained a part, but not all of the association of WC with PWV. We had previously found
that metabolic syndrome amplifies the age associated increase in arterial stiffness assessed
other measurements such as carotid distensibility32. We have also found the cross-sectional
association between adiposity and arterial stiffness is stronger in women than men33. A prior
report has shown that weight increase is associated with an increase in PWV in healthy
subjects30. These finding suggest a role for obesity and its metabolic derangements in the
pathogenesis of arterial stiffness, and encourage close examination of this relationship, while
introducing another benefit for weight loss beyond its already well-established and
impressive benefits.

Dissociation of longitudinal changes in arterial stiffness from other CVD risk factors

Our longitudinal study results confirm the recently reviewed findings of prior cross-sectional
studies 19 that show dissociation or at the maximum minimal association between arterial
stiffness and traditional cardiovascular risk factors except for age and systolic blood
pressure 19, We observed a trend toward higher PWV in non-white, mainly African-
American, subjects that is consistent with previous literature34. This might provide an
explanation of the higher incidence of hypertension in African-Americans; further studies
with larger representation of minorities are needed to evaluate for racial differences in the
longitudinal change in PWV. The association we observed with TG and glucose was cross-
sectional only which make them less likely causative agents. These facts seem to negate a
major role of atherosclerosis in arterial stiffness in this healthy population free of clinical
atherosclerosis throughout the period of the study. The exclusion of any subject who
developed clinical atherosclerosis at enrollment or during follow up in the recent study
reduced the potential effect of plaque burden on the association between risk factors for
atherosclerosis and arterial stiffness.
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Our study has some limitation that should be considered while interpreting the results. First,
the relatively small sample size specially when categorizing blood pressure subgroups might
limit the utility of the absolute values of the rates of PWV change, however, the frequent
observations and long follow up insured enough power to detect dose-dependent effect of
SBP on PWV increase. Secondly, estimation of PWV using body-surface distance might
introduce measurement errors and produce overestimation of PWV due to central obesity.
However, adjusting all models to waist circumference should minimize this effect, in
addition, using body-height derived distance measurements showed similar findings.

Perspectives

Age and systolic blood pressure are the main longitudinal determinants of pulse wave
velocity and the effect of systolic blood pressure on PWYV trajectories exists even in the pre-
hypertensive range. Arterial stiffness and SBP interact in a vicious cycle; hence the
improvement observed in PWV beyond blood pressure control in pharmacological clinical
trials 35-37 might be interpreted as winding down of this vicious cycle. Our results
emphasize the importance of both blood pressure control and the development of novel
interventions at the level of central arteries to limit the progress of this detrimental vicious
cycle.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

A. Predicted longitudinal changes in PWV in men and women, B. Predicted rate of change

in PWV per decade in men and women.
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Table 1

Baseline Characteristics of the Study Cohort by Gender

Total (N=775) Men (N=352) Women (N=423)

Variables Mean + SD Mean + SD Mean + SD P
Age (year) 59.0 £15.7 59.9+16.1 58.2+ 153 0.1400
Time of follow up (year) 9.3+6.0 9.3+6.1 9.2+59 0.6623
Race (White) 423 (57.2) 237 (56.0) 206 (58.5) 0.4816
Height, (cm) 169.2+9.5 1765+7.3 163.2+6.3 <.0001
Weight (kg) 75.3+153 83.4+128 68.5+13.9 <.0001
BMI (kg/m? 262+4.4 26.7+38 25749 0.0008
Waist circumference (WC) (cm) 87.5+12.2 94.4+9.7 81.8+11.0 <.0001
Smoking (ever) 360 (46.5) 195 (55.4) 165 (39.0) <.0001
HR (bpm) 67.0+11.0 65.3+11.5 68.8 +10.2 <.0001
SBP (mm Hg) 125.7+17.9 128.5+17.3 123.4+18.1 <.0001
DBP (mm Hg) 72.7+116 755+113 704+11.4 <.0001
MAP (mm Hg) 90.4+11.8 93.2+115 88.0+11.6 <.0001
Pulse pressure (mm Hg) 53.0+ 16.0 53.0+15.1 53.0+16.7 0.9650
PWV (mfs) 86+1.9 88+19 83+19 0.0002
Traditional cardiovascular risk factors
Total Cholesterol (mg/dl) 190.2 +38.3 184.5+ 355 194.9 + 40.0 0.0002
LDL (mg/dl) 113.9+343  112.6+31.9 115.0 +35.8 0.3426
HDL (mg/dl) 54.9+16.8 48.9+14.9 59.9+16.7 <.0001
Triglycerides (mg/dI) 1046+656  112.2+753 98.4 +55.7 0.0036
Glucose (mg/dl) 98.6 £ 15.7 101.5+185 96.3+12.6 <.0001
Creatinine (mg/dl) 0.98 +0.24 1.09 £0.22 0.89+0.21 <.0001
Systolic BP categories

SBP Category 1 (< 120 mmHg) 308 (39.7) 119 (33.8) 189 (44.7) 0.0023

SBP Category 2 (120-139 mmHg) 291 (37.6) 132 (37.5) 159 (37.5) 0.9858

SBP Category 3 (= 140 mmHg) 176 (22.7) 101 (28.7) 75 (17.7)* <.0001
Hypertension (HTN), n (%) 321 (41.4) 170 (48.3) 151 (35.7)F 0.0004
On HTN meds, baseline, n (%) 234 (30.2) 122 (34.7) 112 (26.5) 0.0135
On HTN meds, followup, n (%) 400 (51.6) 203 (57.7) 197 (46.6) 0.0021
Hyperlipidemia, n (%) 428 (55.2) 194 (55.1) 234 (55.3) 0.9104
On hyperlipidemia meds, n (%) 185 (23.9) 88 (25.0) 97 (22.9) 0.5018
Diabetes, n (%) 74 (9.6) 49 (13.9) 25 (5.9) 0.0345
Diabetes on meds, n (%) 28 (37.8) 19 (38.8) 9 (36.0) 0.1356

Page 13

BMI: Body mass index HR (bpm) Heart Rate (beat per minute). PWV: pulse wave velocity. SBP: systolic blood pressure. DBP: diastolic blood
pressure. MAP: mean arterial pressure. LDL: low-density lipoprotein, HDL: high-density lipoprotein.
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Linear mixed-effects Models examining the cross-sectional differences and longitudinal changes in PWV with

Table 2
age.
Variables Men (N=352) Women (N=423)
p P B P
First-age (10 years) 055 g1177* 025 (3145"
Time (10 years) 1.88 0.0420 -1.27 0.0012
First-agez -0.01  (.8408" 0.05 0.0214
First-age x Time -0.99 0.0074 0.29 <.0001
First-age?x Time 0.13  0.0004 - -
Systolic arterial pressure (10 mm Hg) 0.19 <.0001 0.14 <.0001
Heart Rate (10 beat per minute) 0.12  0.0352 0.21 <.0001
Waist circumference (SD) 0.11  0.1107 0.22 <.0001
Anti-hypertension drugs 0.03 0.8258 0.02 0.859

f. Unstandardized regression coefficient. Models were adjusted for initial date of visit.

*
P <0.05 for the main term before inclusion of interaction terms, note that due the significant interaction between First-age and Time, correlation
coefficients for the main terms cannot be interpreted separately from the interaction term. Correlation between observed and model-predicted PWV

was 0.77 and 0.80 in men and women, respectively.
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Linear mixed-effects Models examining cross-sectional and longitudinal association between PWV and
traditional cardiovascular risk factors.

Table 3

Variables Men (N=318) Women (N=373)
B P B P
First-age (10 years) -0.16 (7582 -0.38 0.1892
Time (10 years) -155 o401 -39 <0001
First-age? 0.04 1792* 006  0.0101
First-age x Time -0.41 (3189 024  0.0030
First-age? x Time 0.07  0.0445 - -
Heart Rate (10 beat per minute) - - 0.19 0.0006
Systolic blood pressure (10 mm Hg)  0.09 0.0905 0.10 0.0262
Systolic blood pressure x Time 0.17  0.0040 0.13 0.0167
Waist circumference (SD) - - 002  7974"
Wiaist circumference x Time - - 0.21 0.0175
Race (non-white) 032  0.0521 0.13 0.0601
Glucose (SD) - - 0.06 0.0278
Triglycerides (SD) 0.21 0.0155 - -

Models were adjusted for variables shown, smoking, LDL, Triglycerides, HDL, glucose, Creatinine, anti-hypertensive medications, anti-

Page 15

hyperlipidemic medications, and initial date of visit; results were reported for terms with P<0.1. First-age and Time interaction with covariates

were tested and only significant interaction terms were included in the final model.

*
P<0.05 for the main term before inclusion of interaction terms, please see explanation in the footnote of Table 2. Cor (observed, predicted): was
0.85 and 0.83 in men and women, respectively.
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Linear mixed-effects models examining the impact of systolic blood pressure categories on the longitudinal

Table 4
change of PWV

Variables Men (N=318) Women (N=373)

B P B P

Systolic BP categories

SBP Category 1 (< 120 mmHg) 0 0 0 0
SBP Category 2 (120-139 mmHg)  0.08  g356*  0.40 0.0082
SBP Category 3 (= 140 mmHg) 0.39 0.0454 053 0.0071
Time x SBP Category ot 0.48 0.0105 0.36 0.0430
Time x SBP Category 3t -0.58  0.3805 0.44 0.0493

0.0455 - -

First-age x Time x SBP Category gt 023

Models are adjusted for terms in Table 3 with p <0.05. SBP: Systolic arterial pressure. B. Unstandardized regression coefficients.

*
P <0.05 for the main term before inclusion of interaction terms, correlation coefficients for the main terms can’t be interpreted separately from

those for the interaction terms.

T Coefficients for Time and First-age are calculated for 10-year increments. Cor (observed, predicted)was 0.85 and 0.83 in men and women,

respectively
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