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Structured Abstract

Background—Endothelial dysfunction is the first stage of the atherosclerotic cascade, and
independently associated with cardiovascular events. We evaluated the associations of longitudinal
changes in weight, waist circumference, body fat percentage and lean mass index with changes in
endothelial function.

Methods—521 community-based subjects who belonged to hypertensive sibships and had no
history of myocardial infarction or stroke had their anthropometric measures and endothelial
function assessed a mean of 8.5 years apart. Endothelial function was assessed with brachial artery
ultrasound, yielding measures of flow-mediated dilation and reactive hyperemia. We used
multivariable linear regression with generalized estimating equations to assess the associations of
longitudinal changes (4) in anthropometric measures with A flow-mediated dilation and reactive
hyperemia, adjusting for potential confounders.

Results—Mean + standard deviation age was 57.6+8.7 years, 58% were women, and 72% were
hypertensive. Most (84%) were overweight or obese at baseline. At end of follow-up, flow-
mediated dilation and reactive hyperemia increased by 1.9+7.6% and 51.2+605.8% on average,
respectively. In multivariable linear regression, changes in anthropometric measures were not
associated with changes in flow-mediated dilation. However, A weight (B+SE: -9.00£2.35), A
waist circumference (—6.78+2.21) and A body fat percentage (-19.72+5.62, £<0.0001 for each)
were inversely associated with A reactive hyperemia. A lean mass index was not associated with A
reactive hyperemia.
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Conclusions—Long-term increases in weight, waist circumference and body fat percentage are
associated with progressive worsening of microvascular endothelial function, but not conduit
vessel endothelial function, in subjects without a history of cardiovascular events, independently
of risk factors.
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1. Introduction

The social, economic, and human costs of cardiovascular (CV) disease continue to escalate.
However, despite scientific advances in the past decades, the number of effective CV
therapies and viable therapeutic targets remains limited. Importantly, once the
atherosclerotic process commences, containing its progression is difficult, and reversing
established structural abnormalities is improbable. For these reasons, to contain the health
and economic burden of CV diseases, there is a critical need to enhance early detection of
individuals at risk in order to enhance primary prevention strategies, arrest the pathogenic
process, and improve health and outcomes.

With the goals of understanding CV pathogenesis and identifying targets for early detection
and prevention of CV disease, scientists have often turned their attention to the vascular
endothelium. The endothelium is a highly active structure capable of producing several
substances that modulate vascular tone and reactivity, and inhibit cell proliferation and
thrombogenesis.? Thus, it is essential for maintaining vascular health;! and it is now well
established that adverse alterations in endothelial function represent the first abnormalities in
the atherogenic cascade.? The role of the endothelium on CV diseases has been further
corroborated by longitudinal clinical studies, which have highlighted the association
endothelial dysfunction with future development of myocardial infarction and stroke
independently of aging and conventional CV risk factors.3 Thus, measures of endothelial
dysfunction represent a viable target for early detection of individuals at higher CV risk, and
for identifying environmental and heritable factors that may contribute to the initiation of the
atherogenic cascade.

Obesity is a known risk factor for CV disease,* ° and cross-sectionally associated with
endothelial dysfunction.® Acutely, purposeful weight gain leads to impairment of endothelial
function.” However, whether non-purposeful weight gain detrimentally affects endothelial
function in free-living individuals remains unknown. This is the knowledge gap that we
sought to address in the present study. We hypothesized that longitudinal increases in
measures of total and central obesity would be associated with worsening of endothelial
function. To this end, we studied a community-based cohort to evaluate whether changes in
weight, waist circumference (WC), body fat percentage (BF%) and lean mass were
associated with worsening in conduit artery and microvascular endothelial function over
time.
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2. Subjects, Materials and Methods

2.1. Study Participants and Baseline Characteristics

The study was approved by the Mayo Clinic’s Institutional Review Board and participants
gave informed consent. The cohort consisted of 557 community-based non-Hispanic white
participants from the Genetic Epidemiology Network of Arteriopathy (GENOA) study who
had their endothelial function assessed on 2 separate occasions (baseline: between January
2003 and December 2008; follow up: between October 2009 and December 2011). The
GENOA study is a cohort study of hypertensive sibships from Olmsted County, MN, USA.
We excluded 36 participants with a history of myocardial infarction or stroke, leaving 521
participants for the present analyses.

On the day of each study visit, participants met with the study coordinator and completed a
comprehensive questionnaire that included demographic and medical information. Methods
for assessment of vital signs and baseline laboratory tests are described in the Supplemental
Methods.

2.2. Anthropometric assessment

Height, weight and WC were obtained at baseline and during the follow-up visit. Height was
measured with a stadiometer, weight was measured with an electronic scale, and WC was
measured with a measuring tape at the level of the umbilicus. Participants were classified as
being centrally obese if their WC was > 102 cm in men and > 88cm in women.8 Body mass
index (BMI) was calculated as weight (in Kg)/height (in m)2. Patients were classified as
having underweight, normal, overweight or obese BMI according to World Health
Organization (WHO) criteria.2 BF% was calculated using the formula: (1.20 x BMI) + (0.23
x Age) — (10.8 x sex) — 5.4; where sex=1 for men and 0 for women. This validated formula
provides accurate measures of body composition, with prediction errors that are compatible
to those obtained from direct measures of body fat such as skinfold thickness of bioelectrical
impedance.9 Lean mass index (LMI) was calculated as BMI x (1-BF%) as previously
described.10

2.3. Assessment of Endothelial Function

Endothelial function was assessed non-invasively during the baseline and follow-up visits
using brachial artery ultrasound, a technique that yields measures of conduit artery
endothelial (flow-mediated dilation, FMD) and microvascular (reactive hyperemia, RH)
endothelial function. Participants were asked to fast and refrain from smoking, ingesting
caffeine, or taking anti-hypertensive medications for 12 hours prior to the study visit.
Brachial artery ultrasound was performed by trained technicians while participants were
laying supine in a dark, quiet room with controlled temperature, according to published
guidelines!! and described in detail in the Supplemental Methods. FMD was calculated as
[(mBAD - rBAD)/rBAD] x 100, where mBAD is the maximum brachial artery diameter
during hyperemia following cuff deflation, and rBAD is the resting brachial artery diameter.
RH was calculated as a [(dFlow — rFlow)/rFlow] x 100, where dFlow is hyperemic post-
deflation brachial artery flow and rFlow is resting brachial artery flow.
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2.4. Biomarkers

To further elucidate mechanisms underlying the link between weight and fat gain on
endothelial function, we also measured circulating levels of adipocytokines (leptin, resistin
and adiponectin) and inflammatory markers [C-reactive protein (CRP), homocysteine,
Intercellular Adhesion Molecule 1 (ICAM-1), vascular cell adhesion molecule 1 (VCAM-1),
E-selectin, P-selectin, homocysteine, interleukin-6 (IL-6) and interleukin-18 (IL-18)] at
baseline. Details about biomarker measurement, performance and quality control are
summarized in the Supplemental Methods.

2.5. Statistical Methods

3. Results

Continuous variables were reported as mean * standard deviation (SD) for normally
distributed variables, and as median (interquartile range, IQR) for skewed variables.
Nominal variables were reported as n and %. Longitudinal changes (4) in weight, BMI, WC,
BF, LMI, FMD and RH were calculated by subtracting values obtained at the baseline visit
from the values obtained at the follow-up visit.

We used multivariable linear regression models adjusted for sex, baseline age, blood
pressure, renal function, lipids, baseline FMD or RH, follow-up time, history of
hypertension, diabetes and smoking, and use of statins and anti-hypertensives to assess the
associations of A weight, A BMI, A WC, A BF% and A LMI (independent variables, separate
models for each anthropometric measure) with A FMD and A RH (dependent variables).
Only covariates significantly associated with the dependent variable were included in the
final models, but baseline age, sex and follow-up time were forced into all models. In all
models, we tested interactions terms for changes in all anthropometric measures with age
and sex; and for A BMI*A WC. To aid in interpretation, we also performed multivariable
logistic regression models to predict FMD increase (AFMD<0) and RH increase (ARH<0).

To determine whether adipocytokines and inflammatory markers mediated associations of A
anthropometric measures with worsening of endothelial function, we followed the principles
outlined by Baron and Kenny 12 (see Supplemental Methods).

All regression analyses were performed using generalized estimating equations to account

for the familial relatedness of the participants. All analyses were performed using SPSS vs.
22 (IBM Corp., Armonk, New York, U.S.A.), and a 2-tailed P-value <0.05 was considered

statistically significant.

Participant characteristics are summarized in Table 1. After a mean follow-up of 8.5+1.0
years, 54% of participants gained weight, which was predominantly due to a gain in BF%
despite a decline in LMI (Table 1). At the end of follow-up, 41% of participants experienced
a decline in FMD (magnitude of decline: —4.8+4.7%), and 46% experienced a decline in RH
(magnitude of decline: —441.5+382.7%); although the mean values for these endothelial
function measures increased over time in the whole group (Table 1), as those who
experienced increased FMD and RH over time had a greater magnitude of increase
(+6.6+5.4% and +462.9+419.4%, respectively). Baseline characteristics according to weight
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loss or gain groups are shown in Supplemental Table S1. Those who gained the greatest
amounts of weight (>10Kg) were more likely to be younger men than those who maintained,
lost or gained less weight. They were also more likely to be smokers, have higher glomerular
filtration rate and lower leptin levels than those who lost weight. Conversely, those who lost
the most weight (>10Kg) were more likely to be heavier at the first evaluation, and had
higher baseline BMI, WC and BF% than those who lost less or gained weight. Baseline
FMD and RH were similar across all groups. A summary of the brachial artery ultrasound
parameters at baseline and at follow-up can be found in Supplemental Table S2.

Independent predictors of A FMD were baseline age (B+SE: —0.15+0.05, £=0.002), time
between studies (0.69+0.36, 2=0.05), baseline FMD (-0.78+0.07, A<0.0001) and use of
statins (1.48+0.74, P=0.05). Independent predictors of AFMD<0 were older baseline age
(odds ratio (OR) and 95% confidence interval (Cl) for 1 year increase in age: 1.06 (1.03,
1.09), P<0.0001), higher baseline FMD (each 1 SD increase in baseline FMD: 3.23 (2.49,
4.25), £<0.0001), shorter time between studies (each 1 year increase in time: 0.77 (0.60,
0.98), P=0.04) and the absence of diabetes (0.41 (0.20, 0.81), A=0.009). Independent
predictors of A RH were: baseline systolic (-6.12+1.67, A<0.0001) and diastolic
(9.49+2.663, P<0.0001) blood pressure, serum triglycerides (—-0.85+0.23, £<0.0001) and
baseline RH (-0.86+0.05, A<0.0001). Independent predictors of ARH<0 were higher
baseline systolic blood pressure (OR and 95% CI for each 5 mmHg increase: 1.09 (1.01,
1.18), £=0.04) and higher baseline RH (each 1 SD increase in baseline RH: 5.04 (3.66,
7.16), £<0.0001).

Results of the linear regression models are summarized in Table 2. Longitudinal increases in
weight, BMI, WC and BF% were associated with declines in RH over time, but not with
changes in FMD. Inferences remained unchanged when we added baseline anthropometric
measures as additional covariates in the models (analyses not shown). Figure 1 depicts the
effects of changes in weight, WC, BMI and BF% on changes in RH over time. Only those
individuals who experienced the greatest increases in weight, BMI and BF% experienced
deterioration in microvascular endothelial function over time. Conversely, those who lost the
most weight/BMI/BF% had the greatest improvements in microvascular endothelial function
over time. Figure 2 summarizes the main findings of the study. Neither age nor sex was a
significant effect modifier of these associations. The interaction term ABMI*AWC was not
statistically significant in the prediction of AFMD or ARH.

Biomarker levels were log-transformed to reduce skewness. We found no significant
associations, adiponectin, resistin, CRP, homocysteine, ICAM-1, VCAM-1, IL-18, E-
selectin or P-selectin with A FMD or A RH (analyses not shown). However, baseline log
leptin (B+SE: —89.75+34.27, P=0.009) and log IL-6 (B+SE: —91.93+34.90, P=0.009) were
independently associated with A RH. We then regressed log leptin and log IL-6 on A weight,
A BMI, AWC and A BF% and found that A weight (-0.02+0.004, A<0.0001), A BMI
(-0.04+0.01, P=0.002) and A BF% (—0.03+0.01, £=0.002) were significantly associated
with baseline leptin. Conversely, A weight (-0.005+0.003, ~P=0.161), A WC (-0.006+0.003,
P=0.069), ABMI (-0.002+0.010, ~=0.106) and ABF% (—0.014+0.008, £=0.100) were not
significantly associated with baseline IL-6. As the final step, we repeated the multivariable
linear regression models, this time including log leptin or log IL-6 as an additional
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covariates, and found that the associations of A weight, A BMI, A WC and A BF% with A
RH were strengthened rather than weakened by the addition of leptin or IL-6 to the models
(Table 3). Leptin and IL-6 remained inversely and significantly associated with A RH in
these models (A<0.05 in each of the models). Thus, the associations of leptin and changes in
anthropometric measures with microvascular endothelial dysfunction are independent of
each other, and leptin is not a mediator of the association of A weight, A BMI and A BF%
with ARH.

Lastly, since higher BMI has been associated with greater resting forearm blood flow,13
presumably to support greater forearm mass, we repeated the ARH models after additional
adjustment for resting forearm flow. We found that inferences remained unchanged, and A
weight (£=0.002), A WC, (P=0.02) A BMI (£=0.02) and A BF% (~=0.002) remained
independently associated with ARH.

4. Discussion

In a large community-based cohort without baseline clinical history of coronary heart
disease or stroke, we have demonstrated that weight and body fat gain, and worsening of
central obesity over an 8.5 year period are associated with deterioration of microvascular
endothelial function, but not conduit artery endothelial function. This was specific to
individuals who had the most extreme gains in weight, BMI and body fat, and not observed
among those who had modest or moderate gains. Further, individuals who lost the most
weight/BMI/body fat over the same 8.5 year time period experience the greatest
improvements in microvascular endothelial function. In addition, we found that the effects of
weight gain on endothelial function are not mediated by adipocytokines or inflammatory
markers. To the best of our knowledge, this is the first report of the effects of long-term,
non-purposeful weight gain and loss on endothelial function in free-living individuals. Our
findings are important for elucidating the mechanisms through which obesity may contribute
to CV disease, and for highlighting the importance of minimizing weight gain associated
with aging as means to prevent the deleterious effects of excess adiposity on arterial health.

Both total and central obesity have well established associations with future risk of CV
diseases 14 15 and death. 16-18 Mechanisms linking obesity to CV disease are multiple.
Indirectly, obesity is associated with CV disease through its link with conventional risk
factors. However, potential direct effects of obesity on atherogenesis have also been
described.1® Visceral adipose tissue is a source of pro- and anti-inflammatory
adipocytokines, and an imbalance favoring inflammation may be implicated in
atherosclerosis in obese subjects.1® In addition, fat accumulation in obese humans correlates
closely with greater oxidative stress; 20 and free fatty acids activate he innate immune
system, triggering inflammasome activation.2!

Another proposed mechanism through which obesity contributes to CV diseases is
endothelial dysfunction.22 On a molecular level, increased adiposity is associated with lower
nitric oxide production and availability,23 increased prostanoid-dependent vasoconstriction
and vascular thromboxane receptor gene expression.2* An imbalance in these homeostatic
mechanisms at the endothelial level is likely to contribute to hypertension, atherogenesis and
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thrombosis associated with obesity. Confirming these biological observations, clinical
studies have also demonstrated a cross-sectional association of obesity with endothelial
dysfunction. 2526 Only two previous studies have prospectively assessed the effects of short-
tem weight gain on endothelial function in human adults, allowing causal inferences.
Romero-Corral et al studied 43 healthy young adults who were assigned to either gain
(+4Kg) or maintain weight over 8 weeks,” and found that although FMD did not change
among weight maintainers, it decreased by 1.3% in weight gainers. Gupta et al. studied 14
healthy adults who received an over-feeding prescription for 8 weeks. As a result, the
relative hyperemia index (measured by peripheral arterial tonometry) decreased by 21% on
average; although this study did not have a control group. Despite this mechanistic evidence
of a direct effect of short term weight gain on endothelial function, the long-lasting effects of
non-purposeful weight gain on endothelial dysfunction, better reflecting pathophysiological
mechanisms occurring in ‘real life’, have been largely unknown to date. This is the
knowledge gap that our study has filled. Based on our findings, we can propose that long
term weight gain (specifically more extreme weight gain, greater than 10 kg over 8.5 years)
may detrimentally affects microvascular endothelial function. Results were robust for all
anthropometric measures, further corroborating our findings.

Adipose tissue is now well established as an active endocrine and paracrine organ,
participating in several metabolic processes and secreting several cytokines that contribute to
inflammation and insulin resistance.19 Leptin’s main function pertains to control food intake
and energy expenditure.2’ However, leptin is also considered a pro-inflammatory cytokine 28
that is structurally similar to 1L-6 and 1L-12.2° In our study, higher baseline leptin and 1L-6
levels were independently associated with worsening in reactive hyperemia over time.
Through mediation analyses we discovered that the effects of leptin, IL-6 and weight gain on
worsening of microvascular endothelial function were independent of each other. Therefore,
although leptin and IL-6 have known inflammatory and vascular effects that may be
implicated in atherogenesis, results from our study suggest that the detrimental effects of
weight and fat gain on endothelial function occur through mechanisms other than those
mediated by leptin and IL-6.

Other interesting findings from our study were the fact that (1) 46% of participants lost
weight over time, (2) the overall improvement in reactive hyperemia with time (except in
extreme weight gainers, as outlined above), and (3) the fact that weight and fat gain were
associated with worsening of microvascular endothelial function, but not with conduit artery
endothelial function. The temporal trends in weight observed in our study are comparable to
population-based cohorts of similar age and BM1.39 Our findings of greater reactive
hyperemia over time mirror the cross-sectional observations from the Framingham studly,
where increasing age was also positively correlated with peripheral arterial tonometry ratio.
31 Neither Framingham nor our study evaluated specific biological mechanisms leading to
this increase over time, but based on the results from our study, we can speculate that weight
loss over time could be contributing to the improvement in reactive hyperemia — a
hypothesis that is amenable to testing in mechanistic studies. It is also possible that the
results from our study could have been mediated by exercise patterns among the
participants. In a recent meta-analysis, exercise training significantly improved endothelial
function.32 Since exercise training is also expected to contribute to weight maintenance or
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loss, greater levels of exercise over time could potentially underlie the inverse association
between weight gain and microvascular endothelial function observed in our study.
Regarding the differential associations of changes in anthropometric measures with FMD
and reactive hyperemia, this should be interpreted in light of the different physiological roles
of conduit and resistance arteries. Whereas decreased nitric oxide release in response to
stimuli is central do conduit artery endothelial dysfunction, in the microvasculature nitric
oxide may primarily modulate tissue metabolism, 33 highlighting potentially different
regulatory mechanisms in conduit and resistance arteries. Furthermore, FMD has been
shown to be negatively correlated with hypertension,3* while reactive hyperemia better
correlates to metabolic risk factors such as diabetes, dyslipidemia and body mass index,
13,31, 34 confirming that different biological mechanisms influence these parameters. For
these reasons, it has been proposed that micro and macrovascular endothelial dysfunction
might reflect different pathophysiologic stages, with conduit artery endothelial dysfunction
being more relevant in subjects with existing atherosclerosis, and microvascular endothelial
dysfunction providing an earlier indication of risk.3> This may explain the detrimental
effects of extreme weight gain on microvascular, but not conduit artery endothelial function
observed in our study, since participants had no history of clinically manifest atherosclerotic
disease at recruitment.

4.1. Limitations

The main strengths of our study are the large community-based nature of our cohort and the
long prospective follow-up, making our study the largest to report longitudinal effects of
weight gain and loss on endothelial function, and the first to demonstrate a detrimental effect
of weight and fat gain on microvascular endothelial function. Our study has several
limitations. We only had anthropometric and endothelial function data from 2 visits,
preventing us from evaluating the roles of short-term vs. longstanding weight gain or loss on
endothelial function. Although our study is unable to identify the precise mechanisms
linking weight gain to worsening microvascular endothelial function, it sends a strong
message of potential hazardous effects of weight gain on vascular health in the long term,
which is an important message with widespread clinical applicability. Our study also serves
as a solid foundation for future mechanistic studies to identify mechanisms linking weight
gain to worse vascular health. Further, since our cohort only included non-Hispanic white
subjects, results may not be directly applicable to other ethnicities. In addition, our study is
observational, thus no direct causal inferences can be made. Further, we did not have data on
exercise habits or levels of fitness, thus we cannot determine whether decreased fitness over
time mediated the findings from our study. Also, we did not have a biochemical assessment
of insulin levels and insulin resistance, which is a potential mechanism mediating the link
between weight/fat gain and microvascular endothelial dysfunction. Lastly, we did not have
direct measurements of body composition. However, the formulas used for estimation of
body composition are validated and provide accurate measures, with prediction errors
compatible to those obtained from skinfold thickness of bioelectrical impedance.®

4.2. Conclusions

In a longitudinal study, we have demonstrated that weight gain over time (specifically
extremes of weight gain, greater than 10Kg and greater than 10% gain in body fat) are
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associated with significant worsening of microvascular endothelial function, while weight
maintenance and modest to moderate weight gain over time did not detrimentally affect
microvascular endothelial function. Comparatively, those who lost the most weight (>10Kg
and greater than 10% loss in body fat) experienced the greatest improvements in
microvascular endothelial function over time. Our findings support a potential role for
weight gain in the initiation of an adverse cascade that culminates in atherogenesis, and
highlight the importance of avoiding the weight gain that commonly accompanies aging as
means of primary prevention of vascular diseases.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

. After a mean follow-up of 8.5 years, increases in weight body mass index,
waist circumference and body fat percentage over time were associated with
worsening of microvascular endothelial function (assessed by forearm
reactive hyperemia).

. These associations were only observed among individuals who gained the
most weight (> 10 Kg in weight, >5 Kg/m2 in BMI, >10 cm in waist
circumference and >10% in body fat percentage) over time.

. Conversely, those who lost weight over time experienced improvement in
microvascular endothelial function.

. Our findings support a potential role for weight gain in the initiation of an
adverse cascade that culminates in atherogenesis, and highlight the
importance of avoiding the weight gain that commonly accompanies aging as
means of primary prevention of vascular diseases.
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Figure 1. Effects of increases in anthropometric measures with changes in reactive hyperemia

over time

BF: body fat percentage. BMI: body mass index. WC: waist circumference. RH: Reactive

hyperemia.

* indicates ~£<0.05 for comparison with the group with highest weight/BMI/WC/BF gain.
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Figure 2. Summary of effects of weight gain and loss on microvascular endothelial function
After an average follow-up of 8.5 years, longitudinal gains in weight, waist circumference,

body mass index and body fat percentage were associated with worsening of microvascular
endothelial function. Conversely, weight loss over time was associated with improvement of

microvascular endothelial function.
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Participant characteristics

Table 1

Variable Baseline (mean+SD) or n (%) | Change during follow-up, % or median (IQR)
Age, years 57.6+8.7
Women, n (%) 302 (58%)
Systolic blood pressure, mmHg 130+16
Diastolic blood pressure, mmHg 7548 -
Total cholesterol, mmol/L 5.13+0.85
HDL cholesterol, mmol/L 1.35+0.39
LDL cholesterol, mmol/L 3.12+0.80 -
Triglycerides, mmol/L 1.73+0.97

Hypertension, n (%)

375 (72%)

Diabetes, n (%)

58 (11%)

Smoking, n (%)

233 (45%)

eGFR, ml/s/1.73 m? 1.09+0.21 -

Statin use, n (%) 154 (30%)
Anti-hypertensive use, n (%) 351 (68%)

Height, cm 168.8+8.9

Weight, Kg 87.6+19.4 +0.6 (-3.8, +4.6)
BMI, Kg/m? 30.7+5.8 +0.07 (1.4, +1.6)
Underweight (BMI <18.5Kg/m?), n (%) 0 0

Normal BMI (18.5-24.9 Kg/m?), n (%) | 81 (16%) -2%

Overweight BMI (25-29.9 Kg/m?), n (%) | 177 (34%) +3%

Obese BMI (230 Kg/m?), n (%) 262 (50%) -1%

Waist circumference, cm 100.2+15.7 +0.4 (-4.4, +5.7)
Centrally obese, n (%) 336 (65%) -1%

BF%, % 50.9+8.6 +2.2(+0.3, +3.8)
LMI, Kg/m? 14.7+2.0 -0.6 (-0.4, -0.8)
FMD, % 5.9+4.9 +1.6 (-2.6, +6.0)
Reactive hyperemia, % 805+452 +60.3 (—277.3, +369.0)

Page 15

BF%: body fat percentage. BMI: body mass index. eGFR: estimated glomerular filtration rate. FMD: brachial artery flow mediated dilation. HDL:
high-density lipoprotein. LDL: low-density lipoprotein. LMI: lean mass index
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Table 2
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Multivariable linear regression models results showing associations of changes in anthropometric measures
with changes in endothelial function over time

A FMD models A RH models

B+SE P-value | B+SE P-value
A weight, 1 Kg 0.001+0.05 0.99 -9.00+2.35 <0.0001
ABMI, 1 Kg/im? | -0.06+0.10 0.56 -23.68+6.64 | <0.0001
AWC, 1cm -0.005+0.04 | 0.89 -6.78+2.21 0.002
A BF%, 1% -0.05+0.08 | 0.56 -19.72+5.62 | <0.0001
ALMI, 1 Kg/m2 | -0.73+0.59 0.28 45.45+48.57 | 0.91

WC: waist circumference. Other abbreviations as in Table 1.
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