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Repercussions of absolute
and time-rated BMI “yo-yo”
fluctuations on cardiovascular
stress-related morbidities within
the vascular-metabolic
CUN cohort
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D. Martinez-Urbistondo2, J. C. Pastrana2,
A. Fernandez-Montero3,4 and J. A. Martinez5,6,7

1Department of Primary Health Care of Osasunbidea, Pamplona, Spain, 2Internal Medicine
Department, Clı́nica Universidad de Navarra, Madrid, Spain, 3Department of Occupational Medicine,
Preventive Medicine and Public Health, University of Navarra, Pamplona, Spain, 4Health Research
Institute of Navarra (IdiSNA), Pamplona, Spain, 5Department Physiology and Nutrition, University of
Navarra (UNAV), Pamplona, Spain, 6Madrid Institutes of Advanced Studies (IMDEA) Food and Health
Sciences, Madrid, Spain, 7Centre of Biomedical Research in Pathophysiology of Obesity and
Nutrition (CIBERObn), Madrid, Spain
Aims: The association between body mass index (BMI) fluctuation and BMI

fluctuation rate with cardiovascular stress morbidities in a Caucasian European

cohort was evaluated to ascertain the impact of weight cycling.

Methods: A total of 4,312 patients of the Vascular-Metabolic CUN cohort

(VMCUN cohort) were examined and followed up during 9.35 years ( ± 4.39).

Cox proportional hazard ratio analyses were performed to assess the risk of

developing cardiovascular stress-related diseases (CVDs) across quartiles of

BMI fluctuation, measured as the average successive variability (ASV) (ASV = |

BMIt0 − BMIt1| + |BMIt1 − BMIt2| + |BMIt2-BMIt3| +…+ |BMItn – 1 − BMItn|/n −

1), and quartiles of BMI fluctuation rate (ASV/year).

Results: There were 436 incident cases of CVD-associated events involving

40,323.32 person-years of follow-up. A progressively increased risk of CVD in

subjects with greater ASV levels was found. Also, a higher level of ASV/year was

significantly associated with an increased risk of developing CVD stress

independent of confounding factors with a value of 3.71 (95% CI: 2.71-5.07)

for those in the highest quartile and 1.82 (95% CI: 1.33-2.50) for those in the

third quartile.
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Conclusions: The BMI fluctuation rate seems to be a better predictor than BMI

fluctuation of the potential development of cardiovascular stress morbidities.

The time-rated weight fluctuations are apparently more determinant in

increasing the risk of a CVD than the weight fluctuation itself, which is

remarkable in subjects under “yo-yo” weight patterns for precision medicine.
KEYWORDS

cardiovascular disease, weight cycling, body weight trajectories, weight change slope,
variability, stress, “yo-yo” pattern
Introduction

Obesity is a well-established risk factor for cardiovascular

disease (CVD) incidence of stress-related clinical manifestations

(1). Most cardiovascular prevention guidelines recommend

weight stability maintenance and weight loss in those subjects

with obesity, but many patients fail to do so, resulting in weight

cycling (2, 3). Stress and anxiety exposure can also have a

significant long-term impact on the alignment to gain and

maintain weight due to inadequate compensatory mechanisms

or maladaptive processes, which may lead to rapid and frequent

weight “yo-yo” fluctuations (4–6). Actually, studies on

overweight and obese individuals reported that only 20% of

participants were able to maintain long-term weight loss (7).

Body-weight fluctuation, which is also named body-weight

variability or weight cycling, refers to repeated weight loss and

successive regain (8). Several years ago, the first evidence that

body-weight variability could be related to a high risk of CVD

arose from the Framingham cohort (9). Later, several studies

evaluated the association of body-weight variability with CVD

outcomes and deaths among the general population and patients

with type 2 diabetes (T2D) or previous CVD (10–17). However,

while some epidemiological studies have shown that body-

weight fluctuations may be associated with metabolic disorders

and complications, resulting in negative health consequences (9,

18, 19), other cohort studies have failed to confirm these findings

or even get opposite results concerning mild-weight fluctuations

(13, 14, 20–22). These investigations have typically focused on

the variability of weight, an imprecise measure of adiposity, and

did not assess the variability of markers of overall obesity such as

body mass index (BMI), which captures both fat and lean mass

composition (11), and neither assessed the time-rated velocity of

these fluctuations and variability (11, 23). Moreover, there is not

a single definition or measurement concerning weight cycling

matters (8), and to our knowledge, the involvement of intensive

BMI fluctuations in affecting the association with cardiovascular

stress-related morbidities has not been previously examined.
02
Therefore, the aim of the present study concerning weight

cycling was to evaluate the association between BMI

fluctuation and BMI fluctuation rate with incident CVD in a

Caucasian European cohort.
Methods

Subjects

The Vascular-Metabolic CUN cohort (VMCUN cohort) is a

population-based, epidemiological study designed to examine

the incidence of cardiovascular and metabolic diseases including

T2D, hypertension, obesity, stroke, or coronary heart disease in a

large European population. We collected data from the medical

history of first-time attendee outpatients to the Internal

Medicine Department at the Clıńica Universidad de Navarra

(CUN) from 1 February 1997 to 31 December 2002, and they

were subsequently followed up until 31 December 2012. Thus,

the cohort has been described elsewhere (24). Briefly, the

exclusion criteria were age younger than 18 or older than 90

years old, history of type 1 diabetes or latent autoimmune

diabetes in adults, cancer in the palliative phase, familial

hypertriglyceridemia, extreme BMI (>45 kg/m2), bariatric

surgery, or hypercoagulabil ity. Of the initial 6,071

participants included, 681 without one valid follow-up weight

measurement were lost, and 325 were omitted because of

erroneous and missing required laboratory values.

Additionally, we excluded for the analyses 505 participants

with prevalent or incident cancer during follow-up because of

likely interactions with BMI fluctuations. Finally, 248

participants with baseline CVD were removed. These

requisites left 4,312 participants available for the final

baseline analyses (Figure 1). The research was conducted

according to the standards of the Declaration of Helsinki on

medical research (25) and was approved by the Ethics

Committee of the Universidad de Navarra (30/2015).
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Measurements

Data regarding medical history, health-related behaviors, and

blood biochemical measurements were retrieved at each patient’s

visit. Only patients with at least one valid follow-up weight

measurement were included in the BMI fluctuation analysis.

Health-related behaviors including cigarette smoking (none,

former smoker, or current smoker), daily alcohol intake (yes/

no), and lifestyle pattern (physically active/sedentary behavior)

were obtained by physicians at the consultation. Prior to the

measurement of blood pressure (BP), subjects waited for 5 min

in a seated position. The BP on the indistinctly right or left arm

was measured twice, and the average value was recorded

fol lowing universa l s tandardized procedures (26) .

Hypertension was defined on the basis of the World Health

Organization-International Society of Hypertension Guidelines

(26) as ≥140 (systolic BP)/90 (diastolic BP) mmHg or when the

subjects reported the use of antihypertensive medication. Blood

samples were drawn after an 8-h fast and analyzed in a central

laboratory with a Hitachi 711 Chemistry Analyzer under

validated strict quality controls. Fasting plasma glucose (FPG)

was measured by the hexokinase method, while total cholesterol

(TC), high-density lipoprotein cholesterol (HDL-C), and

triglycerides (TG) were measured using enzymatic colorimetric

tests. Low-density lipoprotein cholesterol (LDL-C) was

conventionally estimated using the Friedewald formula. The

values of LDL-C were treated as missing in subjects with TG

levels greater than 400 mg/dl (0.2% of the participants). The

triglyceride–glucose (TyG) index was calculated as ln[fasting TG
Frontiers in Endocrinology 03
(mg/dl) × FPG (mg/dl)/2] as previously reported (27). TG/HDL-

C ratio was calculated as TG divided by HDL-C (expressed in

mg/dl).
Definitions of BMI fluctuations

Anthropometric measurements (weight, height, and BMI)

were performed by a trained nurse according to standardized

operation procedures (24). Thus, weight was quantified with

subjects wearing light clothing and to the nearest 0.1 kg; height

was measured without shoes to the nearest 0.1 cm. BMI was

calculated as the body mass divided by the square of the body

height and expressed in units of kg/m2. The participants were

categorized as normal weight, overweight, or obese by the

commonly accepted BMI ranges for clinical analyses (28).

BMI fluctuation as a marker of adiposity cycling was defined

as the intraindividual variability in BMI between visits (9).

Various measures of variability were used, including the

average successive variability (ASV), which was defined as

the absolute difference between successive values (10, 11, 14).

The ASV of BMI was calculated with the BMI at each visit

during the follow-up (BMItn) and using the following formula: |

BMIt0 − BMIt1| + |BMIt1 − BMIt2| + |BMIt2 − BMIt3| +…+ |

BMItn − 1 − BMItn|/n − 1, as described elsewhere (14). The BMI

fluctuation rate, as the absolute difference between successive

values of BMI per year: ASV/years of follow-up, was also

estimated. The ASV of BMI by including the BMI values from

baseline to just the event was captured.
FIGURE 1

Flowchart of study participants drawn from the Vascular-Metabolic CUN cohort between 1997 to 2012.
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Definition of CVD and assessment of
stress risk factors

Cardiovascular disease was defined according to the

International Classification of Diseases, Tenth Revision (ICD-

10), as published elsewhere (29). The code list covers diseases

from three groups: coronary heart disease (CHD), codes from

I20 to I25 (angina pectoris, acute myocardial infarction and

subsequent complications, and chronic ischemic heart disease);

cerebrovascular disease, codes from I63 to I66 (cerebral

infarction, stroke, occlusion, and stenosis of precerebral

arteries and cerebral arteries); and peripheral arterial disease,

codes I73.9 and I74 (intermittent claudication, arterial

embolism, and thrombosis). Metabolic stress-related

determinants such as smoking, alcohol intake, and lifestyle

pattern were addressed with validated tools (24).
Statistical analyses

The mean of follow-up was 9.35 ± 4.4 years, with a median

number of 3 visits per patient (range 2 to 8 visits) and a median

time gap of 2 years between each clinical visit in order to follow

“yo-yo” cycling in this population. Continuous variables were

expressed as the mean ± standard deviation (SD). Categorical

variables were presented as percentages (%). The Student’s t-test,

one-way ANOVA, or c2 test was used to compare the

characteristics of the BMI fluctuation rate quartiles as

appropriate. A general linear model was used to fit the median

of the quartiles as a continuous variable to estimate the trend of

variables across quartiles. We used the multiple imputation

procedure in STATA version 13 (mi command) to impute the

missing data of the variables cigarette smoking (16.5% missing

values), daily alcohol intake (25.2% missing values), and lifestyle

pattern (29.9% missing values). Twenty imputed datasets were

created to reduce sampling variability from the imputation

process. The variables included in the imputation procedure

were baseline age, sex, BMI, T2D hypertension, TyG index, FPG,

TG, TC, HDL-C, ASV, ASV/years, and the outcome of

cardiovascular disease following standard operation procedures

(30). A run length of 100 iterations was used between data sets.

A l l va r i ab l e s inc luded be fo r e imputa t i on had a

normal distribution.

Cox proportional hazard analysis was conducted to estimate

the hazard ratio (HR) and the 95% CI of cardiovascular disease

in each quartile of BMI fluctuation and BMI fluctuation rate.

The lowest quartile of risk was determined as the reference

category, and repeated-measures ANOVA was used to assess

changes over time. We fitted three models: a crude (univariate)

model and two Cox regression multivariate-adjusted models—a)

controlling for age (continuous) and sex (as an interaction

factor) and b) additionally adjusted for baseline BMI
Frontiers in Endocrinology 04
(continuous), cigarette smoking (never, current, and former

smokers), daily alcohol intake (yes/no), lifestyle pattern

(physically active/sedentary behavior), hypertension (yes/no),

T2D (yes/no), LDL-C (continuous) and HDL-C (continuous),

TG (continuous), antiaggregation therapy (yes/no), number of

visits during follow-up (continuous), and the direction of the

change in BMI, as a result of the BMI at the end of follow-up

minus baseline BMI (neutral/positive/negative).

The analyses were stratified by baseline BMI, sex, and age

groups (<50, 50-65, and >65 years old), and a Cox regression

multivariate-adjusted model was conducted including the

covariates in model (c), except baseline BMI, sex, or age,

respectively. The interaction terms between baseline BMI/sex/

age groups and the quartiles of BMI fluctuation and BMI

fluctuation rate were fitted to test for differences in association.

Finally, a sensitivity analysis was performed to evaluate the

robustness of the results. A logistic regression model was

conducted among 3,409 participants after 5 years of follow-up,

excluding any incident cases of a cardiovascular event during the

5-year period, to assess the odds ratio (OR) between CVD and

the quartiles of BMI fluctuation and BMI fluctuation rate. The

logistic regression was adjusted as previously described before

for the Cox model.

All statistical analyses were performed with STATA version

13 (Stata Corp., College Station, TX, USA), whose manuals were

applied (31). All p-values are two-tailed and statistical

significance was set at the conventional cutoff of p <0.05.
Results

Data from 1,725 women and 2,587 men with a mean ( ± SD)

age at baseline of 53.7 ± 13.3 were screened. After 40,323.32

person-years of follow-up, there were 436 incident cases of CVD.

Age, BMI, and the prevalence of hypertension were more likely

to increase across quartiles of BMI fluctuation and BMI

fluctuation rate (Tables 1A, 1B). Furthermore, this trend was

found associated with higher frequencies of sedentary behavior.

The values for TG and TyG index increased, and the level of

HDL-C decreased in proportion to both BMI fluctuation and

BMI fluctuation rate quartiles (Tables 1A, 1B). The proportion

of women and antiaggregation therapy increases across the

quartiles of BMI fluctuation (Table 1A).

We found a slightly significant (p < 0.05) increased risk of

CVD among the quartiles of BMI fluctuation, with an HR of 1.34

(95% CI: 1.00-1.81) for those participants in the fourth quartile

of BMI fluctuation (Table 2). However, in the multivariate-

adjusted model, a higher and significant and progressive increase

in the risk of CVD with BMI fluctuation rate was found in the

third and fourth quartiles as compared with the bottom quartile:

HR of 1.82 (95% CI: 1.33-2.50) and HR of 3.71 (95% CI: 2.71-

5.07), respectively (p for trend <0.001) (Table 2).
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The stratified analysis by baseline BMI, sex, and age groups

showed a heightening risk of CVD in all age subgroups, with an

HR of 3.7 (95% CI: 1.4-9.2), 4.3 (95% CI: 2.6-7.3), and 2.3 (95%

CI: 1.3-3.9) for the highest quartile of BMI fluctuation, of the age

groups of <50, 50-65, and >65 years old, respectively (Figure 2).

We also observed a higher risk in men among those of the third

and fourth quartiles, with an HR of 2.1 (95% CI: 1.4-3.2) and 3.8

(95% CI: 2.5-5.6), respectively, and a higher risk in overweight

and obese participants of the fourth quartile, with an HR of 2.0

(95% CI:1.3-2.9) and 1.8 (95% CI:1.0-3.3) in that order

(Figure 2). Remarkably, BMI fluctuation was not associated
Frontiers in Endocrinology 05
with CVD in women and normal-weight participants

(Figure 2), but this was just a trend.

The potential involvement of age, sex, and baseline BMI on

the relation of quartiles of BMI fluctuation rate to incident CVD

was also addressed (Figure 2). Thus, the incidence of CVD

increased in proportion to the quartiles of BMI fluctuation rate

in all the groups of the stratified analysis. Interestingly, the HRs

for developing a CVD were 5.6 (95% CI: 3.0-10.6) and 6.5 (95%

CI: 4.3-9.7) for women and men in the fourth quartile,

respectively. Noteworthy, the risk of a CVD was larger in

overweight/normal-weight than obese participants. Across the
TABLE 1A Baseline demographics and risk factor profiles according to quartiles of body mass index (BMI) fluctuation (|kg/m2|) of 4,312
participants drawn from the VMCUN clinical cohort between 1997 and 2015 in Spain.

BMI fluctuation

Overall Q1 (0-0.55) Q2 (0.56-0.91) Q3 (0.92-1.47) Q4 (>1.47) p

n 4,312 1,078 1,079 1,080 1,075

Sex (% women) 40.0 36.4- 38.3 41.0 44.5 0.001

Age (years) 53.7 ± 13.3 53.8 ± 12.5 54.2 ± 12.9 53.3 ± 13.1 53.4 ± 14.6 0.404

BMI (kg/m2) 26.8 ± 4.2 26.1 ± 3.6 25.9 ± 3.8 27.1 ± 4.3 27.9 ± 4.9 <0.001

Hypertension (%) 24.2 21.5 23.9 23.9 27.4 0.015

Type 2 diabetes (%) 4.9 5.1 4.5 4.4 5.9 0.376

Antiaggregation therapy (%) 10.3 8.2 10.3 11.6 11.0 0.042

Fasting plasma glucose (mg/dl) 98.9 ± 22.3 98.8 ± 25.6 98.3 ± 21.9 98.3 ± 20.0 100.1 ± 21.5 0.225

Total cholesterol (mg/dl) 224.5 ± 41.3 226.5 ± 39.2 224.3 ± 42.3 223.5 ± 40.4 223.8 ± 43.1 0.338

HDL cholesterol (mg/dl) 55.3 ± 15.0 56.0 ± 15.2 56.2 ± 15.3 54.8 ± 14.8 54.1 ± 14.4 0.003

Triglycerides (mg/dl) 100.9 ± 63.5 98.0 ± 59.0 97.9 ± 58.9 101.8 ± 62.4 105.7 ± 72.4 0.013

TyG index 8.4 ± 0.6 8.3 ± 0.6 8.3 ± 0.6 8.4 ± 0.6 8.4 ± 0.6 0.009

Smoking (%) 0.146

Current smokers 33.6 32.0 32.5 32.5 37.3

Former smokers 18.2 18.3 17.3 18.2 18.4

Alcohol intake (%) 0.579

Daily drinkers 47.9 49.8 48.3 46.6 47.0

Lifestyle activity (%) <0.001

Sedentary behavior 57.0 52.7 49.7 61.3 64.2

Number of visits 3.5 ± 2.3 3.2 ± 2.3 4.1 ± 2.3 3.8 ± 2.2 2.9 ± 2.0 <0.001

Time between visits (years) 3.4 ± 2.5 3.3 ± 2.4 2.8 ± 1.9 3.3 ± 2.3 4.1 ± 2.9 <0.001

Body-weight change and fluctuation

BMI fluctuation (|kg/m2|) 1.2 ± 1.0 0.3 ± 0.2 0.7 ± 0.1 1.2 ± 0.2 2.5 ± 1.2 <0.001

BMI fluctuation rate (|kg/m2/year|) 0.6 ± 1.1 0.2 ± 0.6 0.5 ± 1.3 0.7 ± 1.0 1.1 ± 1.2 <0.001

BMI fluctuation quartile data are presented as mean ± SD or % as appropriate. p <0.05 by one-way ANOVA (continuous variable) or c2 test (categorical variables).
SD, standard deviation; HDL-C, high-density lipoprotein cholesterol; TyG index, triglyceride–glucose index.
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age subgroups, the greater risk of CVD was found in the

youngest participants, subgroups age <50 and 50-65 years old,

reaching an HR of 6.4 (95% CI: 2.9-13.9) and 4.0 (95% CI: 2.6-

6.3) for those participants of the fourth quartile of BMI

fluctuation rate, respectively (Figure 2).

The magnitude of the associations found across the quartile

of BMI fluctuation rate and the outcome of a CVD was larger

than that displayed by using BMI fluctuation (Figure 2). The

differences between the mean of BMI fluctuation and BMI

fluctuation rate according to baseline BMI, sex, and age

subgroups were statistically significant (Figure 3).

The main results of the present study were consistent with a

time-limited scenario of 5 years that we included in the
Frontiers in Endocrinology 06
sensitivity analysis (Supplemental Table 1). An association

between the risk of CVD among the third and fourth quartiles

of BMI fluctuation and BMI fluctuation rate was found, with a

robustness OR when using the BMI fluctuation rate (OR of 1.59

and 1.95 vs. OR of 2.19 and 3.45, for the third and fourth

quartiles, respectively) as reported (Supplemental Table 1).
Discussion

This research study showed that BMI fluctuation rate is a

stronger predictor than just BMI fluctuation in the development

of cardiovascular-related events. This approach is apparently the
TABLE 1B Baseline demographics and risk factor profiles according to quartiles of body mass index (BMI) fluctuation rate (|(kg/m2)/year|) of 4,312
participants drawn from the VMCUN clinical cohort between 1997 and 2015 in Spain.

BMI fluctuation rate

Q1 (0-0.2) Q2 (0.21-0.39) Q3 (0.4-0.71) Q4 (>0.71) p

n 1,078 1,078 1,078 1,078

Sex (% women) 39.2 38.3 42.3 40.4 0.257

Age (years) 52.3 ± 12.9 53.4 ± 12.6 54.0 ± 12.9 54.9 ± 14.6 <0.001

BMI (kg/m2) 25.7 ± 3.5 26.4 ± 3.9 27.1 ± 4.3 27.8 ± 4.8 <0.001

Hypertension (%) 19.9 21.3 25.3 30.1 <0.001

Type 2 diabetes (%) 4.1 4.2 4.6 6.9 0.006

Antiaggregation therapy (%) 8.8 11.1 10.6 10.7 0.304

Fasting plasma glucose (mg/dl) 97.2 ± 23.0 98.3 ± 22.1 98.3 ± 18.9 101.7 ± 24.8 <0.001

Total cholesterol (mg/dl) 226.1 ± 39.8 224.0 ± 41.0 226.0 ± 41.5 222.0 ± 42.7 0.069

HDL cholesterol (mg/dl) 57.0 ± 15.3 55.8 ± 15.3 54.7 ± 14.5 53.6 ± 14.6 <0.001

Triglycerides (mg/dl) 94.0 ± 57.1 96.4 ± 55.2 105.0 ± 64.3 108.2 ± 74.5 <0.001

TyG index 8.3 ± 0.6 8.3 ± 0.6 8.4 ± 0.6 8.4 ± 0.6 <0.001

Smoking (%) 0.016

Current smokers 29.5 32.9 34.5 37.7

Former smokers 18.0 18.8 18.2 17.7

Alcohol intake (%) 0.478

Daily drinkers 46.8 49.9 46.5 48.4

Lifestyle activity (%) <0.001

Sedentary behavior 48.5 55.3 58.8 65.9

Number of visits 2.2 ± 1.7 3.7 ± 2.2 4.3 ± 2.3 3.8 ± 2.3 <0.001

Time between visits (years) 5.1 ± 3.2 3.4 ± 2.7 2.8 ± 1.6 2.2 ± 1.2 <0.001

Body-weight change and fluctuation

BMI fluctuation (|kg/m2|) 0.4 ± 0.2 0.9 ± 0.3 1.3 ± 0.5 2.2 ± 1.5 <0.001

BMI fluctuation rate (|kg/m2/year|) 0.1 ± 0.1 0.3 ± 0.1 0.5 ± 0.1 1.5 ± 1.8 <0.001

BMI fluctuation rate quartile data are presented as mean ± SD or % as appropriate. p <0.05 by one-way ANOVA (continuous variable) or c2 test (categorical variables).
SD, standard deviation; HDL-C, high-density lipoprotein cholesterol; TyG index, triglyceride–glucose index.
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first analysis specifically focused to evaluate BMI fluctuation rate

and cardiovascular outcomes, despite that many investigations

have found that body-weight fluctuations may be associated with

metabolic disorders and complications (23).

The pathophysiological mechanisms behind this increased

risk in CVD in higher BMI fluctuation are under study, and

different hypotheses have been proposed (3). Studies on animals

and humans revealed the involvement of weight fluctuations in

adipose tissue inflammation, adipose hypertrophy, and oxidative

stress, which are conditions that stimulate the development of

insulin resistance (32–35) and lead to cardiovascular

complications (12). This cyclical oscillation could also be

associated with abdominal and visceral fat accumulation (36),

negatively affecting insulin levels and causing inflammation (37,

38). Therefore, weight cycling and the “yo-yo” pattern lead to

insulin resistance, adipocyte inflammation, and metabolism

disorders, resulting in increased oxidative stress and

endothelial dysfunction, leading to atherosclerosis (39, 40).

Epigenetic pathways are in many cases adaptive mechanisms

to internal situations (7). It has been widely studied that the
Frontiers in Endocrinology 07
expression of candidate genes related to obesity and

cardiovascular diseases is associated with DNA methylation

and histone acetylation, consequential in the changes in

cellular phenotypes and cardiac function (41). Weight “yo-yo”

fluctuations may enhance epigenetic adaptation to unbalanced

nutrition, altering gene expression and constitution (7). In fact,

several epigenetic alterations were discovered in response to

weight loss interventions, and genome-wide methylation

analysis of adipose tissues after 6 months of endurance

training demonstrated changes in DNA methylation of 63

genes involved in obesity (42). These genes participate in

metabolic pathways, cytoskeletal organization, cell adhesion,

and cell signaling (42). Transcriptomic studies in patients

subjected to weight cycling showed the promoted expression

of genes involved in the activation of pathways related to the

formation of fibrin clot, cardiomyopathy, lipids, and cell surface

interaction at the vascular wall (43–46). Weight regain results in

rapid adipose tissue growth and hyperplasia, with an increase of

cytokines, such as leptin, which acts on the limbic system by

stimulating dopamine uptake, creating a feeling of fullness (47).
TABLE 2 Risk of incident cardiovascular disease (CVD) according to body mass index (BMI) fluctuation (|kg/m2|) and BMI fluctuation rate (|kg/m2/
year|) of 4,312 participants drawn from the Vascular-Metabolic CUN clinical cohort between 1997 and 2015.

BMI fluctuation (|kg/m2|) and incident cardiovascular disease

Q1 (0-0.55) Q2 (0.56-0.91) Q3 (0.92-1.47) Q4 (>1.47) p for trend

n 1,078 1,079 1,080 1,075

Number of incident cases of CVD 110 111 100 115

Incidence (%) 10.20 10.30 9.26 10.70

Person-years 9,318.8 10,641.3 10,875.6 9,487.5

Incidence/1,000 person-years 11.80 10.43 9.19 12.12

Crude 1 (ref) 0.85 (0.65-1.11) 0.78 (0.60-1.02) 1.09 (0.84-1.42) 0.292

Age- and sex-adjusted 1 (ref) 0.87 (0.67-1.13) 0.82 (0.63-1.08) 1.20 (0.92-1.56) 0.075

Multivariate adjusted model 1 (ref) 0.98 (0.75-1.28) 0.93 (0.70-1.24) 1.34 (1.00-1.81) 0.023

BMI fluctuation rate (|(kg/m2)/year|) and incident cardiovascular disease

Q1 (0-0.2) Q2 (0.21-0.39) Q3 (0.4-0.7) Q4 (>0.7) p for trend

n 1,078 1,078 1,078 1,078

Number of incident cases of CVD 64 81 123 168

Incidence (%) 5.93 7.51 11.41 15.58

Person-years 12,375.73 12,276.91 10,068.1 5,602.5

Incidence/1,000 person-years 5.18 6.59 12.21 29.98

Crude 1 (ref) 1.13 (0.82-1.56) 1.66 (1.22-2.26) 3.54 (2.62-4.77) <0.001

Age- and sex-adjusted 1 (ref) 1.16 (0.84-1.59) 1.84 (1.35-2.51) 3.84 (2.84-5.20) <0.001

Multivariate adjusted model 1 (ref) 1.16 (0.84-1.60) 1.82 (1.33-2.50) 3.71 (2.71-5.07) <0.001

The multivariate Cox model was adjusted for age, sex, baseline BMI, cigarette smoking (never, current, and former smokers), daily alcohol intake (yes/no), lifestyle pattern (physically
active/sedentary behavior), hypertension, type 2 diabetes, antiaggregation therapy, number of visits during follow-up, direction of the change in BMI (neutral/positive/negative), HDL
cholesterol, LDL cholesterol, and triglycerides.
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However, these adipokines induce the production of reactive

oxygen species as a process of mitochondrial oxidative

phosphorylation, engendering oxidative stress (47). The

stability of weight often is not achieved, resulting in weight

fluctuations and the beginning of a new weight cycling (7).

Interestingly, these pathways were only affected after weight

regain (43). The central nervous system with homeostatic

control centers within the hypothalamus and hindbrain

appears to be the key for the maintenance of body weight (7).

Cortisol is involved in stress response through the

sympathoadrenal system and the hypothalamic–pituitary–

adrenocortical axis (48–50). These regulatory mechanisms

have been critical for the survival of individuals and species

but may become maladaptive when stress is intense or chronic

and may bring on rapid weight fluctuations (4, 51, 52). Also,

some researchers reported that patients with weight fluctuations

had significantly lower general well-being, minor eating self-

efficacy, and greater stress than weight maintenance patients,

regardless of body weight (53). Additionally, other investigators

found that individuals who reported stressful life events had

significantly higher odds of having metabolic syndrome (54). On

the other hand, it has been shown that patients who regained

weight after losing weight, whom they called “relapsers,” had

greater levels of serum leptin and insulin than weight

maintainers (55). Ultimately, the accumulation of stressful life

events has been associated with insulin resistance, obesity, raised

triglycerides and oxidized LDL-C, and cardiovascular stress-

related morbidities (4–6, 56).
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Several epidemiological studies have described the

association between weight fluctuations and CVD, especially in

patients with T2D or a previous CVD (8, 9, 13–18). However,

other cohort studies have failed to confirm these findings or even

found opposite outcomes and trends (13, 14, 20–22, 57, 58). A

meta-analysis, with 25 studies involving more than 400,000

participants, reported no effect in more than 60% of both total

participants and events (18). The inconsistency in some results

may be due to several factors, such as the heterogeneity of the

measurement of weight fluctuation, baseline BMI, and age. In

this context, a strong association between body-weight

fluctuations and the risk of cardiovascular events among

participants with coronary artery disease has been described

(11). However, no data on baseline BMI were reported, which is

a limitation, and rapid body-weight fluctuation should be

considered in further studies concerning weight “yo-yo”

outcomes (23).

Some interesting results arose from the subgroup analyses in

our study. Thus, the stronger association using BMI time-rated

fluctuations rather than BMI fluctuations and the risk of

developing a CVD according to baseline BMI, sex, and age

groups was consistent in all subgroups. In addition, we found a

weaker association using BMI fluctuation, particularly in women

and in the analysis stratified by baseline BMI. The highest

quartile of BMI fluctuation was associated with the risk of

CVD in all age subgroups, men, and overweight and obese

patients. These results are consistent with other previous

observations (14, 15, 18). Interestingly, the risk of a CVD was
FIGURE 2

Absolute body mass index (BMI) fluctuation (|kg/m2|) and absolute BMI fluctuation rates (|kg/m2/year|) influence on the risk of developing a
CVD according to age groups, sex and baseline BMI.
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lower in the fourth quartile of the BMI fluctuation rate in obese

patients, compared with the HR found for normal-weight and

overweight participants. This outcome could be due to the

baseline increased risk associated with obesity, the “obesity

paradox” reported in previous studies: obese individuals may

have developed a CVD because they were obese or because of

previous “yo-yo” weight fluctuations (3, 59). Thus, these results

should be examined with caution. Another possible explanation

is the potential bias due to related weight loss. Weight

fluctuations in obese individuals probably would have a major

trend toward losing weight and reducing cardiovascular risk.

This bias may serve to increase morbidity risk in the non-obese

groups, creating the appearance that obesity is protective (59).

Moreover, the statistically significant differences between the

mean of BMI fluctuation according to baseline BMI, sex, and age

subgroups shown in our study suggest that weight fluctuations

should be addressed independently or stratified by these

groups. However, further studies are warranted to confirm

these associations.

BMI was applied to evaluate fluctuation and fluctuation rate

according to a better clinical approach and to be able to compare

patients with different heights (9). The gain of any kilograms

should be in the context of the height of a patient. The use of

BMI to examine weight fluctuations may allow us to compare

different groups of patients and to open up in other populations

or cohorts, despite limitations in some cases (18).

Interestingly, BMI time-rated fluctuation is not just a

stronger predictor to develop a CVD, as shown in our study,

but it has a clinical and practical message for the management of

patients. Therefore, weight maintenance is recommended to
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minimize weight fluctuations and avoid rapid BMI cycling.

Indeed, it appears that the speed or velocity of the fluctuation

acts as a primary determinant. A key point for patients is to be

aware of losing or gaining weight in short periods of time, and

the accumulation of these rapid “yo-yo” weight fluctuations

would increase their cardiovascular risk and complications.

The several limitations of this study also warrant

consideration. We did not record lifestyle habits such as

nutrition and energy intake. Although we have not adjusted

for this possible confounding factor, we used other additional

variables to adjust, such as BMI or cholesterol levels, which are

indirectly related to nutritional habits. Future studies are needed

to confirm the specific relationship between other CVD stress-

related diseases and T2D with BMI fluctuation rate. The missing

values of lifestyle behavior were imputed. Despite that, statistical

significance was maintained. Also, the lack of information on the

use of lipid-lowering therapy and antidiabetic and weight-loss

drugs may have influenced the results. However, if this bias

explained the results, then the expected change in estimates

would be toward the null. The use of BMI fluctuation rate in a

Cox proportional hazard analysis, which addresses the risk over

time, may lead to overvaluing of our results. However, we

conducted a logistic regression model after 5 years of free

disease period for all the participants to exclude the possible

time interaction in the Cox model, and consistent results were

found. Also, the use of BMI fluctuation rate (|(kg/m2)/year|)

could not be intuitive in clinical practice, but our data upraise

the idea of the use of weight time-rated fluctuation as a stronger

predictor rather than weight fluctuations. Finally, residual

confounding by unmeasured factors is always a possibility in
FIGURE 3

Mean body mass index (BMI) fluctuation (|kg/m2|) and mean BMI fluctuation rate (|kg/m2/year|) according to age groups, sex and baseline BMI.
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observational research, and causal relations cannot be definitely

established but can be a consequence. Nevertheless, the main

known risk factors for CVD in the adjustment were included,

which could act as markers of a general healthier lifestyle.

In conclusion, BMI fluctuation rate (|(kg/m2)/year|) was

associated with a significantly increased risk of CVD in this

clinical cohort. The magnitude of the risk was stronger than

using BMI fluctuations (|kg/m2|). This finding may suggest that

the time-rated weight fluctuation is a more important determinant

to increase the risk of CVD than the weight fluctuation itself.

Overall, clinical interventions for avoiding quick weight cycling are

needed to prevent future cardiovascular events related to stress

comorbidities and associated complications within precision

medicine strategies (28).
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and genotype predictors of BMI variability among European adults. Nutr Diabetes.
(2018) 8(1):27. doi: 10.1038/s41387-018-0041-1

46. Kakinami L, Knäuper B, Brunet J. Weight cycling is associated with adverse
cardiometabolic markers in a cross-sectional representative US sample. J Epidemiol
Community Health (2020) 74(8):662–7. doi: 10.1136/jech-2019-213419

47. Kershaw EE, Flier JS. Adipose tissue as an endocrine organ. J Clin
Endocrinol Metab (2004) 89(6):2548–56. doi: 10.1210/jc.2004-0395

48. Folkow B. Physiological aspects of the "defence" and "defeat" reactions. Acta
Physiol Scand Suppl. (1997) 640:34–7.

49. Long NM, Nathanielsz PW, Ford SP. The impact of maternal overnutrition
and obesity on hypothalamic-pituitary-adrenal axis response of offspring to stress.
Domes t An im Endocr ino l (2012) 42(4 ) : 195–202 . do i : 10 .1016 /
j.domaniend.2011.12.002

50. Nicolaides NC, Kyratzi E, Lamprokostopoulou A, Chrousos GP,
Charmandari E. Stress, the stress system and the role of glucocorticoids.
Neuroimmunomodulation (2015) 22(1-2):6–19. doi: 10.1159/000362736

51. Abraham SB, Rubino D, Sinaii N, Ramsey S, Nieman LK. Cortisol, obesity,
and the metabolic syndrome: A cross-sectional study of obese subjects and review
of the literature.Obes (Silver Spring). (2013) 21(1):E105–17. doi: 10.1002/oby.20083
frontiersin.org

https://doi.org/10.1056/NEJM199106273242602
https://doi.org/10.1016/j.amjcard.2018.11.016
https://doi.org/10.1016/j.amjcard.2018.11.016
https://doi.org/10.1056/NEJMoa1606148
https://doi.org/10.1056/NEJMoa1606148
https://doi.org/10.1186/s12933-021-01360-0
https://doi.org/10.1136/bmjdrc-2020-001340
https://doi.org/10.1210/jc.2018-01239
https://doi.org/10.2337/dc19-2552
https://doi.org/10.1001/jamanetworkopen.2022.0055
https://doi.org/10.1001/jamanetworkopen.2022.0055
https://doi.org/10.1007/s00392-019-01453-7
https://doi.org/10.3389/fendo.2019.00728
https://doi.org/10.1038/s41598-021-88733-3
https://doi.org/10.1093/aje/kwr378
https://doi.org/10.1093/ageing/afq073
https://doi.org/10.1001/archinternmed.2009.67
https://doi.org/10.1001/archinternmed.2009.67
https://doi.org/10.1111/eci.12583
https://doi.org/10.1210/jc.2010-0288
https://doi.org/10.1002/bimj.201900360
https://doi.org/10.1007/978-1-4419-9019-8_23
https://doi.org/10.1007/978-1-4419-9019-8_23
https://doi.org/10.1161/CIRCRESAHA.115.306885
https://doi.org/10.1038/sj.ijo.0802221
https://doi.org/10.1038/sj.ijo.0802221
https://doi.org/10.1016/j.clnu.2011.06.009
https://doi.org/10.1016/S0140-6736(05)79052-8
https://doi.org/10.1016/S0140-6736(05)79052-8
https://doi.org/10.1111/j.1467-789X.2012.01035.x
https://doi.org/10.1111/j.1467-789X.2012.01035.x
https://doi.org/10.1161/01.ATV.0000216787.85457.f3
https://doi.org/10.1161/01.ATV.0000216787.85457.f3
https://doi.org/10.1152/ajpendo.00560.2007
https://doi.org/10.1038/s41392-022-01055-2
https://doi.org/10.3390/ijms23031341
https://doi.org/10.3390/ijms23031341
https://doi.org/10.1038/s41598-019-40107-6
https://doi.org/10.1016/j.cels.2017.12.013
https://doi.org/10.1038/s41387-018-0041-1
https://doi.org/10.1136/jech-2019-213419
https://doi.org/10.1210/jc.2004-0395
https://doi.org/10.1016/j.domaniend.2011.12.002
https://doi.org/10.1016/j.domaniend.2011.12.002
https://doi.org/10.1159/000362736
https://doi.org/10.1002/oby.20083
https://doi.org/10.3389/fendo.2022.1087554
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Sánchez-Iñigo et al. 10.3389/fendo.2022.1087554
52. Therrien F, Drapeau V, Lalonde J, Lupien SJ, Beaulieu S, Tremblay A, et al.
Awakening cortisol response in lean, obese, and reduced obese individuals: Effect of
gender and fat distribution. Obes (Silver Spring). (2007) 15(2):377–85. doi: 10.1038/
oby.2007.509

53. Foreyt JP, Brunner RL, Goodrick GK, Cutter G, Brownell KD, St Jeor ST.
Psychological correlates of weight fluctuation. Int J Eat Disord (1995) 17(3):263–75.
doi: 10.1002/1098-108X(199504)17:3<263::AID-EAT2260170307>3.0.CO;2-N

54. PyykkönenAJ, RäikkönenK, Tuomi T, Eriksson JG, Groop L, Isomaa B. Stressful
life events and the metabolic syndrome: The prevalence, prediction and prevention of
diabetes (PPP)-botnia study.Diabetes Care (2010) 33(2):378–84. doi: 10.2337/dc09-1027

55. Ball GD, Gingras JR, Fimrite A, Villetard K, Kayman S, McCargar LJ.
Weight relapsers, maintainers, and controls: Metabolic and behavioural differences.
Can J Appl Physiol (1999) 24(6):548–58. doi: 10.1139/h99-036
Frontiers in Endocrinology 12
56. van der Valk ES, Savas M, van Rossum EFC. Stress and obesity: Are there
more susceptible individuals? Curr Obes Rep (2018) 7(2):193–203. doi: 10.1007/
s13679-018-0306-y

57. Lee JS, Kawakubo K, Kobayashi Y, Mori K, Kasihara H, Tamura M. Effects
of ten year body weight variability on cardiovascular risk factors in Japanese
middle-aged men and women. Int J Obes Relat Metab Disord (2001) 25(7):1063–7.
doi: 10.1038/sj.ijo.0801633

58. Taylor CB, Jatulis DE, Fortmann SP, Kraemer HC.Weight variability effects:
A prospective analysis from the Stanford five-city project. Am J Epidemiol. (1995)
141(5):461–5. doi: 10.1093/oxfordjournals.aje.a117448

59. Stovitz SD, Banack HR, Kaufman JS. Structural bias in studies of
cardiovascular disease: Let's not be fooled by the "Obesity paradox". Can J
Cardiol (2018) 34(5):540–2. doi: 10.1016/j.cjca.2017.10.025
frontiersin.org

https://doi.org/10.1038/oby.2007.509
https://doi.org/10.1038/oby.2007.509
https://doi.org/10.1002/1098-108X(199504)17:3%3C263::AID-EAT2260170307%3E3.0.CO;2-N
https://doi.org/10.2337/dc09-1027
https://doi.org/10.1139/h99-036
https://doi.org/10.1007/s13679-018-0306-y
https://doi.org/10.1007/s13679-018-0306-y
https://doi.org/10.1038/sj.ijo.0801633
https://doi.org/10.1093/oxfordjournals.aje.a117448
https://doi.org/10.1016/j.cjca.2017.10.025
https://doi.org/10.3389/fendo.2022.1087554
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Repercussions of absolute and time-rated BMI “yo-yo” fluctuations on cardiovascular stress-related morbidities within the vascular-metabolic CUN cohort
	Introduction
	Methods
	Subjects
	Measurements
	Definitions of BMI fluctuations
	Definition of CVD and assessment of stress risk factors
	Statistical analyses

	Results
	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


