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Research Center for Cardiovascular Diseases of Traditional Chinese Medicine, Beijing, China, *Beijing
University of Chinese Medicine, Beijing, China

Background: It remains controversial regarding the association between weight
change and cardiovascular disease risk in older adults (aged >60 years). This study
aimed to evaluate the association between weight change and the predicted 10-
year atherosclerotic cardiovascular disease (ASCVD) risks in older adults.

Methods: This study used data from the National Health and Nutrition Examination
Survey (NHANES). Older adults aged 60-79 years who were free of self-reported
ASCVD at the time of the NHANES interview were included. Data were collected
from January 1999 to December 2018 and analyzed in March 2022. We focused
on the associations between weight change and the 10-year ASCVD risks with the
percentage change in weight during short-term (1year) and long-term (10 years),
which categorized as moderate to high weight loss (>10%), small weight loss
(5.1-9.9%), stable weight (+5%), small weight gain (5.1-9.9%), and moderate to
high weight gain (>10%).

Results: The number of participants was 1,867 (mean age 67.49years; 42.10%
female) for the long-term interval (10 years) in our analysis, and 1894 for the short-
term interval (lyears). We only observed an inverse association between long-
term weight loss and the 10-year ASCVD risk in fully adjusted model (loss > 10%:
p =252, 95%Cl=0.98, 4.05; loss 5.1% ~9.9%:  =2.99, 95% Cl=1.30, 4.68), but
all intervals of weight gain >5% were not significant associated with higher risk
than stable weight. However, in the subgroup analyses, the association between
long-term weight loss and the 10-year ASCVD risk was not significant in old-old
(aged 75-79), obesity (BMI > 35 kg/m?), intentional weight loss, moderate physical
activity and diabetics.

Conclusion: Older adults (aged 60-79years) with weight loss >5% over the
past 10 years have excess predicted 10-year ASCVD risk. Our study supports the
benefits of stable weight in promoting cardiovascular health in older adults.
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1. Introduction

The increasing incidence of overweight and obesity among the
aging population is a growing public health problem worldwide (1).
Between 2007 and 2016, the proportion of obesity increased from 35.1
to 41.0% in older Americans, giving rise to a significant future burden
on the US. healthcare systems (2). Substantial epidemiologic evidence
indicates that excess body weight is associated with a higher risk of
mortality, primarily due to atherosclerotic cardiovascular disease
(ASCVD) (3, 4). It is not unexpected since obesity is clearly associated
with most of the classical cardiovascular risk factors like hypertension,
hyperlipidemia, and diabetes (5). However, whether losing weight
could have a favor effect on decreasing cardiovascular events risk in
older adults remains controversial.

Previous studies on the association between weight loss and long-
term cardiovascular outcomes in older adults are limited. Although
several studies have indicated that weight loss improved physical
function and reduced frailty in obese older adults (6, 7). Increasing
evidence suggested that weight loss was not uniformly associated with
improved long-term survival (8). A meta-analysis reported that weight
loss and weight gain were associated with a 59 and 10% increased risk
of mortality respectively, suggesting an obesity paradox in older adults
(9). In addition, the effect of weight loss among cardiovascular disease
patients is also controversial (10). A meta-analysis of 35,335 patients
(mean age 64 years) showed that, overall, weight loss was associated
with a higher risk of cardiovascular events, but intentional weight loss
was associated with improved outcomes (11). However, it remains
unknown whether weight loss is associated with an increased risk of
ASCVD events among older adults who are free of a prior heart attack
or stroke. It is imperative to understand the health impact of long-
term weight change on ASCVD risk in the general older population.

Therefore, the primary goal of this study was to examine the
association between weight change and the 10-year predicted ASCVD
risk in older U.S. adults (aged >60years) using data from the 1999-
2018 National Health and Nutrition Examination Survey (NHANES).

2. Methods
2.1. Database and study subjects

In this study, the data were obtained from the NHANES (1999-
2018). This is an ongoing cross-sectional survey conducted by the

Abbreviations: ASCVD, Atherosclerotic cardiovascular disease; NHANES, National
Health and Nutrition Examination Survey; NCHS, National Center for Health
Statistics; HDL-C, High-density lipoprotein cholesterol; TC, Total cholesterol; M,
Myocardial infarction; CHD, Coronary heart disease; PCEs, Pooled cohort
equations; ACC, American College of Cardiology; AHA, American Heart Association;
BMI, Body mass index; SBP, Systolic blood pressure; DBP, Diastolic blood pressure;

Cl, Confidence interval; RCT, Randomized controlled trial.
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National Center for Health Statistics (NCHS), designed to
be representative of the U.S. non-institutionalized, civilian population.
During a home interview, data are collected on demographic,
socioeconomic, and health-related topics (including weight history).
A separate examination collects standardized physical assessments
and laboratory measurements. The survey obtained written informed
consents from all participants prior to data collection. Methodological
details about the NHANES are available at: www.cdc.gov/nchs/
nhanes/.

Older adults were defined as those of age 60 years and over (12).
To estimate the 10-year ASCVD risk, the analytic sample was limited
to 2,429 participants aged 60-79 years who were free of self-reported
ASCVD at the beginning of the survey and met with high-density
lipoprotein cholesterol (HDL-C) 20-100 mg/dL, total cholesterol (TC)
130-320mg/dL, diastolic BP 30-140mmHg and
BP 90-200 mmHg. After the exclusion of the participants with missing

systolic

data on 10-year weight change (n=96), 1-year weight change (n=64)
and BMI (n=11), and those with a previous cancer diagnosis
(n =455), the number of participants included in the analysis was
1,867 for the long-term interval (10years) and 1,894 for the short-
term interval (1years) (Figure 1).

2.2. Assessment of the predicted 10-year
ASCVD risk

The primary outcome of this study was the 10-year ASCVD risk,
defined as a first non-fatal myocardial infarction (MI), coronary heart
disease (CHD) death, or fatal or non-fatal stroke over a 10-year period
(13). According to the new pooled cohort equations (PCEs) introduced
by the American College of Cardiology (ACC) and the American Heart
Association (AHA) in 2013, the predictors used in estimating the 10-year
risk of a first ASCVD event included age, sex, race, TC, HDL-C, treatment
for hypertension, diabetes and current smoking status (13).

Data on age, sex, and race/ethnicity was obtained from the
demographic questionnaire. The amount of TC (mg/dL) and HDL
(mg/dL) was obtained from the laboratory file. Blood pressure was
each calculated as the average of three readings. Participants self-
reported currently smoking (yes, no), taking any blood pressure
medications (yes, no), and had ever been told they had diabetes by a
medical doctor (yes, no). Histories of diseases including CHD, MI,
stroke, diabetes and cancer were ascertained through the question “Has
a doctor or other health professional told you that you had diseases?”

2.3. Assessment of weight change

We used long-term (10years) and short-term (1year) weight
change indicators according to the interval over which the change was
assessed. The percentage change in weight was calculated from the
difference between the present weight and the past weight, the specific
formula was shown as followed:
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NHANES 1999-2018
N=101,316

Exclusion

Age<60 and >79
N=86,486

A 4

Missing data on the predicted
10-year ASCVD risk
N=12,401

Included participants for
10-year interval (N=1,867) and
for 1-year interval (N=1,894)

FIGURE 1
Flowchart of the study population.

Missing data on weight:
* 10-year weight change N=96
¢ l-year weight change N=64
* BMI N=11

Previous cancer diagnosis N=455

W -Wy
0

x100%,

where W refers to the present weight and W, refers to their
previous weight. All participants were asked to recall the weight
10years ago or lyear ago, and measured current weight in the
NHANES examination. We classified the weight change into five
categories: moderate-to-large weight loss (> 10%), small weight loss
(5.1-9.9%), stable weight (+ 5%), small weight gain (5.1-9.9%), and
moderate-to-large weight gain (> 10%).

2.4. Assessment of covariates

The following covariates were included: age, sex, race, Body Mass
Index (BMI), marital status, educational level, family income-to-
poverty ratio, and physical activity. Marital status was categorized as
married/partnered (married and living as married) and single/no
partner (widowed, divorced, separated and never married).
Educational level was classified as lower category (less than high
school), intermediate category (high school graduate/GED, some
college or AA degree) and higher category (college graduate or above).
Physical activity was defined as sports, fitness and recreational
activities, excluding work and transport activities. Physical activity
was categorized as vigorous activity (cause large increases in breathing
or heart rate), moderate activities (cause a small increase in breathing
or heart rate) and none.

2.5. Statistical analysis
Categorical variables were expressed as frequency, and continuous

variables were expressed as means + standard deviations. Demographic
and clinical data between the weight change groups were compared
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using the Kruskal-Wallis test and Fisher’s exact test. Multiple linear
regression analyses were used to estimate the independent relationship
between weight change and the predicted 10-year risk of ASCVD
events. When calculating the relative ASCVD risk of each weight
change category, we used the “stable weight” category as the reference.
In addition to the relative 10-year ASCVD risk of each weight change
category, we fit a smoothing spline curve to examine the non-linearity
of weight change and the 10-year ASCVD risks. Moreover,
we performed stratified analyses by age, sex, race/ethnicity, current
BMI, intention to lose weight, physical activity, treatment for
hypertension, diabetes and current smoking status.

Three models were constructed: Model 1 was adjusted for none;
Model 2 was adjusted for sex, age, and race/ethnicity; Model 3 was
adjusted for sex, age, race/ethnicity, body mass index, income-poverty
ratio, physical activity, education level, and marital status. In the subgroup
analysis, the model is not adjusted for the stratification variable itself.

We used multiple imputations, based on 5 replications and a
chained equation approach method in the RMI procedure, to account
for missing data. All statistical analyses were performed by using R
version 3.4.3 (The R Foundation)' and EmpowerStats software (X&Y
solutions, Inc., Boston, MA)* and Graphpad Prisma 8.3.0, with
statistically significant set at p <0.05.

3. Results
3.1. Characteristics

The description of sociodemographic and medical characteristics
of the participants with long-term (10years) weight change was

1 http://www.R-project.org

2 www.empowerstats.com
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TABLE 1 Characteristics of study participants according to 10-year weight change patterns in National Health and Nutrition Examination survey, 1999—-

2018.

Weight change

Al

participants

(n=1,867)

Weight
stable
(n=505)

Moderate-to-

large weight
loss (n = 259)

Small
weight
loss
(n=190)

Small

weight gain

(n=260)

Moderate-
to-large
weight gain
(n=653)

mean +SD

Age (years), mean (SD) 67.47£5.35 67.98+5.38 68.22+5.29 68.56+5.52 66.72+5.23 66.76+5.24 <0.001
Sex, n (%) <0.001
Male 1,081 (57.90%) 334 (66.14%) 150 (57.92%) 129 (67.89%) 169 (65.00%) 299 (45.79%)

Female 786 (42.10%) 171 (33.86%) 109 (42.08%) 61 (32.11%) 91 (35.00%) 354 (54.21%)

Race/ethnicity, n (%) 0.002
Mexican American 287 (15.37%) 73 (14.46%) 49 (18.92%) 38 (20.00%) 40 (15.38%) 87 (13.32%)

Other Hispanic 153 (8.19%) 35 (6.93%) 23 (8.88%) 16 (8.42%) 16 (6.15%) 63 (9.65%)

Non-Hispanic white 814 (43.60%) 242 (47.92%) 95 (36.68%) 63 (33.16%) 131 (50.38%) 283 (43.34%)

Non-Hispanic Black 529 (28.33%) 125 (24.75%) 83 (32.05%) 61 (32.11%) 68 (26.15%) 192 (29.40%)

Other race 84 (4.50%) 30 (5.94%) 9 (3.47%) 12 (6.32%) 5(1.92%) 28 (4.29%)

BMI (kg/m?), mean +SD 30.23+6.21 28.42+5.21 27.32£5.60 27.60+5.51 30.69+4.85 33.37+6.40 <0.001
Income poverty ratio, mean + SD 2.52+1.57 2.70+1.61 1.98+1.38 2.50+1.54 2.89+1.60 2.45+1.56 <0.001
Educational level, n (%) <0.001
Lower 624 (33.46%) 157 (31.09%) 129 (50.00%) 64 (33.68%) 63 (24.23%) 211 (32.36%)

Intermediate 926 (49.65%) 251 (49.70%) 99 (38.37%) 99 (52.11%) 147 (56.54%) 330 (50.61%)

Higher 315 (16.89%) 97 (19.21%) 30 (11.63%) 27 (14.21%) 50 (19.23%) 111 (17.02%)

Marital status, n (%) 0.006
Married/partnered 1,143 (61.65%) 333 (66.60%) 144 (56.03%) 108 (57.14%) 173 (66.80%) 385 (59.32%)

Single/no partner 711 (38.35%) 167 (33.40%) 113 (43.97%) 81 (42.86%) 86 (33.20%) 264 (40.68%)

Physical activity, n (%) 0.017
Vigorous activity 204 (10.93%) 75 (14.85%) 25 (9.65%) 19 (10.00%) 27 (10.38%) 58 (8.88%)

Moderate activity 553 (29.62%) 158 (31.29%) 64 (24.71%) 56 (29.47%) 84 (32.31%) 191 (29.25%)

No 1,110 (59.45%) 272 (53.86%) 170 (65.64%) 115 (60.53%) 149 (57.31%) 404 (61.87%)

Smoker, n (%) <0.001
Yes 482 (25.82%) 104 (20.59%) 107 (41.31%) 59 (31.05%) 50 (19.23%) 162 (24.81%)

No 1,385 (74.18%) 401 (79.41%) 152 (58.69%) 131 (68.95%) 210 (80.77%) 491 (75.19%)

Diabetes, n (%) <0.001
Yes 517 (27.69%) 118 (23.37%) 103 (39.77%) 65 (34.21%) 69 (26.54%) 162 (24.81%)

No 1,350 (72.31%) 387 (76.63%) 156 (60.23%) 125 (65.79%) 191 (73.46%) 491 (75.19%)

Treatment for hypertension, n 0.051

(%)

Yes 1710 (91.59%) 457 (90.50%) 247 (95.37%) 173 (91.05%) 230 (88.46%) 603 (92.34%)

No 157 (8.41%) 48 (9.50%) 12 (4.63%) 17 (8.95%) 30 (11.54%) 50 (7.66%)

SBP (mmHg), mean+SD 136.19+£19.55 135.66+19.23 136.13+21.90 139.06£20.31 134.68+18.19 136.38 +£19.08 0.193

DBP (mmHg), mean +SD 70.53+12.28 70.38+12.03 68.43+£12.05 71.75+£12.93 70.73+11.83 71.05+12.46 0.029

TC (mg/dL), mean +SD 196.11+36.68 196.99+35.87 190.37+36.16 195.02+37.89 197.02+36.21 197.67 +37.22 0.087

HDL (mg/dL), mean +SD 67.47 £5.35 53.04£15.72 55.15+15.70 53.16+15.81 51.15+£14.48 51.33+14.36 0.005

The 10-year ASCVD risk, 23.21+13.15 23.22+13.16 26.59+14.17 27.84+13.44 21.69+12.07 21.13+£12.46 <0.001

Boldface indicates statistical significance (p <0.05). BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; TC, total cholesterol; HDL-C, high-density lipoprotein

cholesterol; ASCVD, atherosclerotic cardiovascular disease; SD, standard deviation.

presented in Table 1. A total of 1,867 older adults aged 60-79 years
were enrolled in our analysis. Of all these participants, the mean age
was 67.47 years (SD=5.35), and 42.10% were female. For all
participants, the mean predicted 10-year ASCVD risk was 23.21
(SD=13.15). The mean BMI was 30.23 kg/m* (SD=6.21). The
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distribution of 10-year weight change was 27.05% for weight stable (+
5.0%), 13.87% for moderate-to-large weight loss (> —10%), 10.18% for
small weight loss (=5.1 to —9.9%), 13.93% for small weight gain
(5.1~9.9%) and 34.98% for moderate-to-large weight gain (>10%).
Among different groups of weight change, age, sex, race/ethnicity,

frontiersin.org


https://doi.org/10.3389/fpubh.2023.1183200
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Peng et al.

10.3389/fpubh.2023.1183200

A
N B (95% CI) P
‘Weight change pattern
Gain =10% 653 (34.98%) -2.10 (-3.60,-0.59) <0.01 —t—
Gain 5.1%~9.9% 260 (13.93%) -1.53 (-3.47,040) 0.12 '
Stable (+5.0%) 505 (27.05%) Ref
Loss -5.1%~9.9% 190 (10.18%) 4.62 (2.46,6.78) <0.01 ! !
Loss =10% 259 (13.87%) 3.37(143,5.31) <0.01 . - '
Weight change 1867 -0.12 (-0.14,-0.11) <0.01 .
T T T T T 1
-10 -5 0 5 10 15
B
N B (95% CI) P
Weight change pattern
Gain =10% 653 (34.98%) 093 (-0.27,2.14) 0.13 —&—
Gain 5.1%~9.9% 260 (13.93%) 0.27 (-1.26,180) 0.73 '
Stable (+5.0%) 505 (27.05%) Ref
Loss -5.1%~9.9% 190 (10.18%) 3.18(1.47,4.88) <0.01
Loss =10% 259 (13.87%) 3.27(1.74.4.81) <0.01 ——t
Weight change 1867 -0.02 (-0.03,-0.01) <0.01 *
I T T T 1
-2 0 2 4 6
C
N B (95% CI) P
Weight change pattern
Gain =10% 653 (34.98%) 0.47 (-0.78. 1.72) 0.46 -
Gain 5.1%~9.9% 260 (13.93%) 0.26 (-1.27.1.78) 0.74
Stable (+5.0%) 505 (27.05%) Ref
Loss -5.1%~-9.9% 190 (10.18%) 2.99 (1.30,4.68) <0.01
Loss =10% 259 (13.87%) 2.52(0.98.4.05) <0.01 —a—
Weight change 1867 -0.02 (-0.04,-0.01) <0.01 bt
r T T T 1
-2 0 2 4 6
FIGURE 2
Association between 10-year weight change and the 10-year ASCVD risk. (A) Model 1, no covariates were adjusted. (B) Model 2, age, sex, and race/
ethnicity were adjusted. (C) Model 3, age, sex, race/ethnicity, body mass index, income-poverty ratio, physical activity, education level, and marital
status were adjusted. ASCVD, atherosclerotic cardiovascular disease; Cl, confidence interval.

BMI, income-poverty ratio, educational level, marital status, physical
activity, smoker, diabetes, DBP, TC, and HDL were all significantly
different (p<0.05). Overall, older adults who had weight loss were
more likely to be a racial/ethnic minority, single/no partner, and had
lower income-to-poverty ratios and educational attainment, when
compared to those with a stable weight. The descriptive statistics for
the participants with short-term (1 year) weight change are shown in
Supplementary material 1.

Frontiers in Public Health

3.2. 10-year weight change and the
predicted risk of ASCVD events

Results of multiple linear regression analyses of 10-year weight
change and the 10-year risk of ASCVD events were displayed in
Figure 2. Non-adjusted was displayed in Model 1 (Figure 2A), adjusted
for age, sex, and race/ethnicity was displayed in Model 2 (Figure 2B),
and adjusted for Model 2 plus BMI, income-poverty ratio, physical
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10-year ASCVD risk (%)
2:
1

-10 -5 0 ) 10
10-year weight change (%)

FIGURE 3

Correlation between 10-year weight change (—9.9 to 9.9%) and the
10-year ASCVD risk. Solid red line represents the smooth curve fit
between variables. The area between two blue lined is expressed as a
95% ClI. Age, sex, race/ethnicity, body mass index, income poverty
ratio, physical activity, education level, and marital status were
adjusted. ASCVD, atherosclerotic cardiovascular disease.

activity, education level, and marital status was displayed in Model 3
(Figure 2C). We observed a significant inverse association between
weight change and the 10-year ASCVD risk.

Similar results were found when weight change was divided into
five categories. Compared to weight stable (+ 5.0%), both moderate-
to-large (> 10%) and small (—5.1%~—-9.9%) weight loss was
associated with a higher risk in Model 1 and Model 2. In fully adjusted
model (Model 3), the significant association remained unchanged
(loss>10%: f=2.52,95%CI=0.98, 4.05; loss 5.1% ~ 9.9%: f=2.99, 95%
CI=1.30, 4.68). While neither Model 2 nor Model 3 found no
significant association between the weight gain categories and the
10-year ASCVD risk, weight gain >10% was associated with lower risk
in non-adjusted model (f=-2.10, 95% CI=-3.60, —0.59).

To check the dose-response relationship between continuous
10-year weight change (9.9 to 9.9%) and the predicted 10-year risk
of ASCVD events, we plotted the spline curves, as seen in Figure 3.
This result confirmed the dose-response relationship was most
pronounced in the link between weight loss and the 10-year ASCVD
risk: greater weight loss was associated with higher 10-year
ASCVD risk.

However, this was not the case for short-term weight change. Each
category had no significant association with 10-year ASCVD risk, as
seen in Supplementary material 2.

Table 2 presents the results stratified according to age, sex, race/
ethnicity, BMI, physical activity, Intention to lose weight, treatment
for hypertension, diabetes, and current smoking status. Compared to
people with stable weight, it can be observed that people who lose
weight may associate with a higher 10-year risk, no matter with ages
(except for people aged >75 years) and sexes in Model 3. However, in
the subgroup analyses, the association between weight loss and the
10-year ASCVD risk was non-significant in older adults who were
obese (> 35kg/m?), had intentional weight loss, and had moderate
physical activity. In addition, moderate physical activity significantly
decreases the 10-year ASCVD risk in older adults with moderate-to-
large weight gain (f=—2.70, 95% CI=—4.97, —0.43). We also found
that for diabetics, long-term weight change showed no significant
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association with the 10-year ASCVD risk. Subgroup analyses of short-
term weight change and the 10-year ASCVD risk are presented in
Supplementary material 3.

4. Discussion

The present study used a nationally representative sample of
community-dwelling adults aged 60-79 years and assessed the risk of
a first hard ASCVD event in the next 10years according to the 2013
ACC/AHA equation. In this study, we found an inverse association
between weight loss >5% and the predicted 10-year ASCVD risk in
older adults, and no protective effect of weight gain.

Our results are generally in accordance with previous studies on
the relationship between weight loss and cardiovascular and all-cause
mortality in older adults. In a longitudinal observational cohort study
conducted in the U.S. communities, weight loss of 5% or more in
3years was associated with an increased risk of mortality in older
adults (8). Likewise, community-dwelling older Japanese people with
weight loss >5% in all terms was associated with a higher risk of
all-cause mortality, not only in short-term (3years), but also in
medium-term (6-7 years) and long-term (12-13 years) (14). Moreover,
a Tehran study of participants with type 2 diabetes aged >60years
without a history of cardiovascular disease and cancer at baseline has
suggested that 3-year weight loss >5% was associated with an increased
risk (marginally significant) of incident cardiovascular disease during
more than 14 years of follow-up (15).

However, some previous studies reported conflicting results. For
example, in a 12-month randomized controlled trial (RCT) of 164
obese older adults aged >65years, there was a positive significant
association between weight loss by exercise plus moderate caloric
restriction and cardiometabolic risk (16). In addition, another RCT
comprising 585 obese participants aged 60-80 years with hypertension
found a favorable association between intentional weight loss (mean
4.4kg) and reductions in the need for antihypertensive medication
(17). This study also reported weight loss was not significantly
associated with increased cardiovascular disease events during the
first 2 years of follow-up (17), nor was all-cause mortality during over
12years of follow-up (18).

In addition to the weight change calculated in different time
intervals, the discrepancy between our study and previous ones may
partly be related to current BMI and intention to lose weight. Indeed,
our study indicated that the association between weight loss and the
predicted 10-year risk was not significant in obesity (> 5kg/m?*) and
intentional weight loss. This may be due to the fact that unintentional
weight loss in older adults is usually reflect disease severity (e.g., in
patients with advanced heart disease, lung disease or malignant
disease) or underlying disease, and is particularly relevant to
worsened outcomes (19). Cancer or malignancy, which is
characterized by substantial weight loss during 1 year or less, accounts
for 16-36% of organic causes of unintentional weight loss in older
adults (20). However, our study showed that, an increased risk of a
first ASCVD event was associated with weight loss within 10 years
rather than 1year. In addition, another possibility for discrepancy is
the difference in the level of physical activity. The loss of muscle mass
(21) and bone strength (22) that occurs with age, which contributes
to disability and frailty in older adults (23, 24). Physical activity alone,

frontiersin.org


https://doi.org/10.3389/fpubh.2023.1183200
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Peng et al.

TABLE 2 Stratified analyses of the association between 10-year weight change and the 10-year ASCVD risk.

10.3389/fpubh.2023.1183200

Weight stable Moderate-to-large Small weight Small weight Moderate-to-large
weight loss loss gain weight gain
Age
60-64 Ref 2.55(0.29, 4.80) 1.61 (—0.95,4.17) —0.84 (—2.86, 1.17) —0.69 (—2.40, 1.03)
65-69 Ref 4.45 (1.70, 7.20) 4.12 (1.15,7.10) —0.59 (-3.35,2.17) 0.52 (-1.77,2.81)
70-74 Ref 1.26 (—2.04, 4.55) 5.50(1.89,9.11) 0.40 (—2.99,3.79) 2.07 (—0.70, 4.84)
75-79 Ref 0.57 (—4.86, 6.00) —1.21 (—6.9, 4.47) 3.30 (—3.06, 9.66) 1.95 (—2.84,6.73)
Sex
Male Ref 2.43 (0.41, 4.44) 1.76 (=0.35, 3.87) 0.29 (—1.65, 2.22) —0.17 (~1.85, 1.51)
Female Ref 2.99 (0.58, 5.40) 5.81(2.93, 8.68) —0.07 (=2.58, 2.44) 1.47 (=0.44, 3.38)
Race/Ethnicity
Mexican American Ref 2.51 (—0.72, 5.75) 2.40 (—1.06, 5.86) 1.31 (-2.1,4.72) —0.58 (—3.44, 2.28)
Other Hispanic Ref 6.24 (1.2,11.29) 9.12 (3.61, 14.62) 1.68 (—3.97,7.33) 2.11 (-2.16, 6.39)
Non-Hispanic white Ref 2.08 (—0.05, 4.21) 1.71 (=0.77, 4.18) 0.23 (-1.69, 2.14) 0.46 (-1.19,2.11)
Non-Hispanic Black Ref 2.82(—-0.57,6.22) 3.31(-0.37,7.00) 0.00 (—3.58, 3.58) 1.65 (—1.23, 4.52)
Other race Ref 2.42 (—5.61, 10.45) —1.33 (—8.36, 5.70) —3.68 (—14.19, 6.83) —3.99 (-9.78, 1.80)
BMI
<25.0 Ref 3.53(0.11, 6.95) 1.23 (—2.48,4.94) 1.86 (—3.71,7.42) —0.45 (—5.38, 4.47)
25.0-29.9 Ref 1.53 (=0.82, 3.88) 3.56 (1.03, 6.09) 0.67 (—1.66, 3.00) —0.53 (~2.45, 1.40)
30.0-34.9 Ref 1.46 (—1.82,4.75) 4.36 (0.67, 8.05) —1.07 (-3.72, 1.58) —0.13 (—2.47,2.21)
>35.0 Ref 2.43 (—2.47,7.34) 1.54 (=4.07, 7.15) 1.72 (2.3, 5.75) 2.54 (—0.49, 5.57)
Physical activity
Vigorous activity Ref 3.95 (—0.20, 8.10) 5.22(0.69, 9.75) 0.77 (=3.23,4.77) —0.23 (=3.57,3.12)
Moderate activity Ref 0.46 (—2.37, 3.30) 1.60 (—1.34, 4.54) —2.14 (—4.73,0.45) —2.70 (—4.97,-0.43)
No Ref 3.31(1.25,5.37) 3.46 (1.15, 5.78) 1.49 (—0.64, 3.61) 1.98 (0.28, 3.69)
Intention to lose weight
Yes Ref 1.38 (=0.96, 3.72) 139 (=1.39,4.18) —0.34 (=2.45,1.77) 0.29 (—1.43, 2.02)
No Ref 3.07 (1.03,5.11) 3.51 (1.35, 5.67) 0.69 (—1.5,2.88) 0.58 (—1.24,2.4)
Diabetes
Yes Ref —1.34 (—4.29, 1.61) 1.25 (—2.06, 4.56) —0.88 (—4.14, 2.39) 1.28 (—1.52,4.09)
No Ref 1.57 (0.26, 2.87) 1.83 (0.44, 3.23) 0.63 (—0.58, 1.83) 1.57 (0.59, 2.55)
Treatment for hypertension
Yes Ref 2.27(0.67, 3.88) 2.90 (1.11, 4.69) 0.25 (—1.38, 1.88) 0.50 (—0.83, 1.82)
No Ref 1.41 (—3.43,6.24) 5.01 (0.88,9.13) 0.48 (—2.93,3.88) 0.46 (—2.62, 3.55)
Smoker
Yes Ref 1.20 (-1.76, 4.16) 3.55(0.07, 7.04) 1.12 (-2.55,4.78) 0.18 (—2.70, 3.06)
No Ref 1.73 (0.06, 3.40) 1.92 (0.18, 3.66) 0.26 (—1.23,1.74) —0.11 (-1.35,1.13)

Values are p (95% confidence interval). Adjusted for sex, race/ethnicity, BMI, income-poverty ratio, education level, marital status, and physical activity. The model is not adjusted for the
stratification variable itself. Boldface indicates statistical significance (p <0.05). BMI, body mass index; ASCVD, atherosclerotic cardiovascular disease.

without diet control, is not typically associated with significant weight ~ Furthermore, with the comprehensive data collected in NHANES, a
loss and it can maintain lean body mass and muscle strength, improve ~ wide range of potential confounders including demographic,
cardiometabolic risk factors and physical function in older adults (7,  socioeconomic and lifestyle were able to be controlled.

25, 26). However, because of the opposite effect observed in our study As for the limitations. First, we used self-reported weight for the
between vigorous and moderate intensity activity, further researchis  analysis, instead of measured weight, which may lead to the
needed to clarify this issue. misclassification of weight change status. Secondly, we did not
A major strength of our study is the use of a nationally  consider the fluctuation of body weight during the 10-year intervals.

representative sample that represents the general U.S. adult population. ~ Third, weight lacks discriminatory power to differentiate between
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body fat and lean mass. Therefore, future research should investigate
the same question using indicators of body composition to more fully
understand the mechanisms linking weight changes to ASCVD risk
to mortality risk. Fourthly, we failed to consider specific modalities of
losing weight, such as intermittent fasting, low-calorie diets, more
exercise or bariatric surgery, which might cause bias. Finally, this
study was cross-sectional research, and it cannot demonstrate the
causation but only the association. Further and prospective studies
should be completed in the future.

5. Conclusion

In this study of U.S. adults 60-79years of age, we found that
weight loss >5% over 10years was significantly associated with an
increased the predicted 10-year ASCVD risk. Our study supports the
benefits of stable weight in promoting cardiovascular health in older
adults. However, further prospective studies are required to elucidate
the effect of weight management in later life on decreasing
ASCVD risk.
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