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Abstract

Cardiovascular disease risk is known to be influenced by both the severity of a risk factor 

and the duration of exposure (e.g. LDL-C, tobacco smoke). However, this concept has been 

largely neglected within the obesity literature. While obesity severity has been closely linked with 

cardiometabolic diseases, the risk of developing these conditions among those with obesity may be 

augmented by greater obesity duration over the lifespan. Few longitudinal or contemporary studies 

have investigated the influence of both factors in combination – cumulative obesity exposure – 

instead generally focusing on obesity severity, often at a single time point, given ease of use 

and lack of established methods to encapsulate duration. Our review focuses on what is known 

about the influence of the duration of exposure to excess adiposity within the obesity-associated 

cardiometabolic disease risk equation by means of summarizing the hypothesized mechanisms 

for and evidence surrounding the relationships of obesity duration with diverse cardiovascular 

and metabolic disease. Through the synthesis of the currently available data, we aim to highlight 

the importance of a better understanding of the influence of obesity duration in cardiovascular 

and metabolic disease pathogenesis. We underscore the clinical importance of aggressive early 

attention to obesity identification and intervention to prevent the development of chronic diseases 

that arise from exposure to excess body weight.

Graphical Abstract

Corresponding Author: Sean P. Heffron MD MS MSc, 435 East 30th Street, #515, New York, NY 10016, 646-501-2735, 
sean.heffron@nyulangone.org. 

DISCLOSURE STATEMENT: The authors have nothing to disclose.

Disclosures: JOA has acted as a consultant/advisor for Novo-Nordisk and Intellihealth. SPH has acted as a consultant for Novo-
Nordisk.

HHS Public Access
Author manuscript
Arterioscler Thromb Vasc Biol. Author manuscript; available in PMC 2024 October 01.

Published in final edited form as:
Arterioscler Thromb Vasc Biol. 2023 October ; 43(10): 1764–1774. doi:10.1161/ATVBAHA.123.319023.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Keywords

obesity; cardiometabolic; cardiovascular; duration

Introduction

The development of many cardiovascular diseases (CVD) is influenced by both risk factor 

severity or intensity and the duration of exposure (e.g. tobacco smoke, LDL-cholesterol, 

blood pressure, hyperglycemia).1–4 Obesity is an independent risk factor for atherosclerotic 

cardiovascular disease (ASCVD), heart failure, and aortic stenosis,5 and obesity severity 

drives the pathogenesis of myriad metabolic diseases, particularly diabetes, hypertension, 

and dyslipidemia, with greater BMI associated with a higher incidence.6 However, it is 

well recognized that individuals with equivalent degrees of adiposity often do not exhibit 
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identical risk for cardiometabolic disease.7 While factors underlying these differences are 

still not well understood, one potentially mediating variable that has received surprisingly 

little attention is the duration of time an individual is exposed to excess adiposity. With 

increasing trends toward lifelong obesity,8 it is imperative that we better understand the 

implications of obesity duration.

For example, if we make the analogy of obesity to smoking and “pack-years,” it might stand 

to reason that determining somebody’s “obese-years” (a concept pioneered by Abdullah et 

al.9 as the product of the number of years lived with obesity and the degree of adiposity) 

would be more informative in determining their overall risk than just knowing the number 

of packs of cigarettes someone is currently smoking. Such a metric reflects cumulative 

exposure over a lifetime. While it may be reasonable to conclude that a similar association 

may exist between long-term obesity and metabolic risk factors as well as diagnosis with 

various CVD, this is an area that has received minimal research attention.

Though many long-term studies have assessed the specific effects of obesity severity or 

degree of adiposity on varied CVD incidence, few have tackled the question of cumulative 

obesity exposure – presumably, in large part, due to the difficulty of accurately determining 

duration of obesity. Even in the single prior review10 that suggested that obesity duration 

was worthy of investigation and emphasized that delaying obesity onset likely contributes 

to lower risk of developing CVD, the authors did not critique the existing data nor examine 

whether it was consistent across comorbid metabolic conditions.

Our aim is to review what is known about the role of obesity duration, as distinct from 

obesity severity, on CVD and metabolic risk factor development. We do so through 

a thorough discussion of the proposed pathophysiologic mechanisms and experimental 

evidence of relationships between obesity duration and conditions with which obesity has 

been consistently associated, including type 2 diabetes mellitus (T2DM), hypertension, 

dyslipidemia, ASCVD, structural heart disease, and overall mortality.

Adiposopathy, Inflammation, and Hyperinsulinemia

Once misconstrued as an indolent energy storage repository, adipose tissue is now 

recognized as a heterogeneous, complex, and dynamic organ.11 In the setting of caloric 

excess, white adipocytes increase in size and number. Both hypertrophy and hyperplasia, 

particularly within the visceral compartment and in tissues relatively devoid of adipose 

tissue, often lead to adipose dysfunction (adiposopathy)12 which contributes to the 

pathogenesis of numerous obesity-related cardiometabolic diseases (Figure 1).13 With 

increasing adipocyte size, several factors released by adipocytes increase, including free 

fatty acids (FFA), resistin and tumor necrosis factor α, whereas adiponectin secretion is 

reduced.14 Amounts of reactive oxygen and nitrogen species also increase.15 The presence 

of dysfunctional adipose tissue that characterizes adiposopathy in obesity is thought to 

mediate the pathogenesis of many of the conditions we will discuss.

The processes that mediate the transition of healthy to pathologic adipose tissue that 

stimulate chronic local and systemic inflammation in the setting of obesity remain 
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incompletely characterized.16,17 A number of interrelated pathways are thought to contribute 

with hyperinsulinemia being prominent.18,19 Leptin normally suppresses insulin synthesis 

and secretion but in leptin deficiency (as demonstrated by work in ob/ob mice), 

hyperinsulinemia ensues and precedes the development of insulin resistance which together 

contribute to obesity.20 In fact, mice shielded from hyperinsulinemia on a high-fat diet 

are provided life-long protection against obesity.21–23 However, the signals that determine 

at what point adiposopathy, chronic inflammation, and hyperinsulinemia develop, and 

specifically how the extent and duration of obesity contribute to these processes and further 

contribute to metabolic dysfunction and cardiovascular pathology, are poorly understood 

and have not been well-studied in mouse models. Further, investigation of visceral adipose 

tissue of aging mice has suggested that a pro-inflammatory immune cell phenotypic profile 

develops as the tissue ages, regardless of the presence of obesity.24,25 However, it remains 

unclear whether this plays a mechanistic role in the evolving cardiometabolic disease risk 

seen with chronic obesity exposure – highlighting the importance of dedicated study in this 

complicated area.

Cardiovascular and All-Cause Mortality

Obesity is associated with increased morbidity and early mortality, particularly from CVD. 

In a pooled analysis of 20 prospective studies from the United States, Sweden, and 

Australia, individuals with severe (class III) obesity had greater sex- and age-adjusted total 

mortality compared to normal weight controls, with cardiovascular cause-specific mortality 

largely accounting for the excess deaths seen in this group.26 However, this study, in 

addition to many others, seems to assume all individuals with the same BMI severity have 

similar CVD risk, ignoring differences in obesity phenotype, duration, and trajectory.

An analysis examining the influence of obesity severity and duration on mortality in the 

Atherosclerosis Risk in Communities (ARIC) cohort suggested a lack of influence of obesity 

duration on this outcome. With the intent to assess dynamic obesity trends, in this report, 

subjects were subdivided into four classes (decline, stable/slow decline, moderate increase, 

and rapid increase) for several different measures of adiposity (BMI, waist circumference 

(WC), self-reported weight at age 25, tricep skinfold, and calf circumference) across up 

to four triennial visits.27 The stable/slow decline group represented the reference and had, 

on average, a slow decline for 3 of the 4 obesity measures during follow-up (BMI, tricep 

skin fold, and calf measurement) but a slight increase in WC over this period. There was 

no difference in mortality between the stable/slow decline group and the rapid increase 

group despite adjustment for cardiovascular risk profile and baseline BMI. Notably, the 

moderate increase group exhibited the lowest overall mortality risk and the decline subclass 

demonstrated an elevated mortality risk compared to the reference group. The authors 

performed several sensitivity analyses in an attempt to explain these perplexing results, but 

despite removal of individuals with incident heart failure, incident cancer, and diabetes at 

baseline, the results remained unchanged. While excluding overtly frail individuals did not 

alter the results, a subgroup analysis of “pre-frail” individuals strengthened the associations 

seen between the classes and mortality risk, versus analysis of “robust” individuals which 

eliminated the positive findings. They recognized the inherent confounding factor present in 

observational studies, stating that the inability to distinguish intentional from unintentional 
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weight loss was a major limitation of their results. Overall, while individuals with declines 

in adiposity metrics exhibited the greatest risk of mortality, the mechanisms explaining this 

observation are not at all clear and likely are at least partly related to varied processes 

mediating unintentional weight loss and frailty.

In contrast to ARIC, within the Framingham Heart Study (FHS), years lived with obesity 

was positively associated with risk for all-cause [adjusted HR 1.07 (95% CI 1.05–1.08)] and 

cardiovascular mortality [adjusted HR 1.06 (95% CI 1.05–1.07] even after adjustment for 

BMI severity at last follow-up, age, diabetes, smoking status, and incident CVD.28 Obesity 

duration exhibited a dose-response relationship with these outcomes with a doubling of risk 

in association with 5 – 15 years of obesity and tripling with ≥15 years of obesity compared 

to those who were never obese. Despite its rigor, a limitation of this analysis is that obesity 

duration could not be definitively calculated in subjects with obesity at enrollment, though 

sensitivity analyses suggested that the outcomes were not greatly impacted. Nonetheless, 

the findings support a significant independent (and possibly complementary) association of 

duration of obesity with all-cause and cardiovascular mortality.

Type 2 Diabetes Mellitus

Over 90% of patients with T2DM are either overweight or obese29 and the preponderance 

of the literature suggests that obesity severity and duration are both important in the 

pathogenesis. Adipocyte hypertrophy leads to increased FFA secretion where excess lipids 

such as ceramides and saturated fatty acids are toxic to pancreatic islet cells, leading to 

β-cell dysfunction and apoptosis.30, 31 High levels of FFA also facilitate infiltration of 

immune cells into dysfunctional adipose tissue further impairing insulin sensitivity.32 These 

processes occur gradually, with cumulative damage progressing from insulin resistance to a 

diagnosis of diabetes, especially as the duration of obesity increases.33 Long-term obesity 

may also result in permanent elevations in circulating FFA that further worsens insulin 

resistance despite increased insulin secretion, especially if β-cell exhaustion occurs.34 Early 

abdominal obesity impacts the development of insulin resistance and longer duration leads 

to progressive deterioration of β-cell function, leading to overt diabetes.35

Among a sample of over sixty-thousand men from Denmark with longitudinal weight data, 

those who were persistently overweight from childhood to early adulthood had greater risk 

of developing diabetes during mid-adulthood than those who were overweight during only 

one of the time points, though they did not control for current obesity severity.36 Similarly, 

the U.S. National Longitudinal Study of Adolescent Health found that persistent obesity 

starting in young adulthood (vs. adult onset) was associated with increased likelihood of 

T2DM in both men and women, with a two-fold higher risk of diabetes in early adulthood in 

women with obesity at <16 years vs women who became obese at ≥18 years of age.37 This 

association held after adjustment for current BMI and WC, age, race/ethnicity, education, 

and parental history of diabetes. Men, however, had a comparable risk of developing 

diabetes in early adulthood regardless of whether their BMI increased above 30 kg/m2 

before or after 18 years of age. The authors suggested that the impact of obesity during 

pubertal development differs between men and women which may explain the differences 

in outcomes. Obesity onset in females during this period may be particularly harmful for 
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insulin sensitivity that, in conjunction with the metabolic changes that occur with longer 

obesity duration, may increase the risk of developing diabetes in the future.

Araújo et al.38 evaluated participants at four time points during the transition from ages 13 

to 24 years and used area under the curve to represent the duration and severity of BMI 

over the 11-year period (BMIAUC). The BMIAUC represented an individual’s trajectory with 

higher BMIAUC denoting greater cumulative exposure to excess adiposity while accounting 

for fluctuations, although the study was limited by the lack of BMI information prior to the 

study period. While individuals with similar BMIAUC had vastly different BMI trajectories, 

the study accounted for this by way of analyzing the effect of BMIAUC independent of the 

final BMI at 24 years and found BMIAUC to be strongly predictive of insulin resistance. 

The CARDIA Study, which used repeat measurements of BMI and WC (a commonly 

used measure of abdominal obesity and surrogate index of visceral adiposity) from 2 to 

25 years after baseline, looked specifically at abdominal obesity in young adulthood and 

concluded that longer duration of abdominal obesity conferred additional risk of developing 

diabetes independent of abdominal obesity severity, family history of diabetes, and physical 

activity.35

Several studies isolated to adults have also shown that greater obesity duration increases 

the likelihood of developing T2DM. Norris et al.,39 using three British birth cohorts, 

found that individuals with <5 years of obesity had a 5% higher HbA1c, compared to 

those who were never obese. This was increased to 20% among those with obesity for 

20 to 30 years. While the association was attenuated after adjustment for mean excess 

BMI, a significant relationship remained. A secondary analysis of the FHS found a strong 

relationship between obesity duration and risk for incident diabetes despite adjustments 

for BMI at the time of diagnosis.40 When stratified by sex and age of obesity onset, 

there was 11% and 22% increased risk for diabetes for each additional 2-years of obesity 

duration among men with an age of obesity onset <50 years and ≥50 years, respectively. 

The exposure-disease relationship was similar in women with an age of obesity onset <50 

years (10%) compared to their male counterparts, but far less strong for women with an 

of obesity onset ≥50 years (8%) than in men of similar age. These findings diverge from 

evidence that supports a stronger obesity-associated risk of diabetes risk in young women, 

as men were diagnosed with T2DM at lower BMIs.41 The authors speculated that estrogen 

in premenopausal women may attenuate insulin resistance, as mouse models have identified 

that impairing estrogen receptor-mediated signaling results in hepatic insulin resistance and 

elevated hepatic glucose production resulting in hyperglycemia.42 They proposed that in 

addition to their predisposition to visceral adipose deposition and hypertrophy, low estrogen 

levels leave men more prone to developing insulin resistance.

The relationship between obesity duration and diabetes risk in the FHS cohort described 

above was at least three times stronger than in two other cohorts. Everhart et al.43 enrolled 

Native American participants and determined that the association between obesity duration 

and T2DM incidence was highly significant after adjusting for age, sex, and current BMI. 

Despite this, the current presence of excess adiposity also appears important, as there 

was not excess age-sex-adjusted risk of diabetes for those in this study who developed 

obesity and then subsequently lost weight to a BMI <30kg/m2. Further, a prospective 
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study of men 40–59 years without diabetes at enrollment found that age-adjusted risk of 

diabetes increased progressively with duration of overweight or obesity.44 Men who had 

been overweight, obese, or severely obese for ≥5 years consistently had greater age-adjusted 

risk of diabetes than men who had been in the corresponding category for <5 years (i.e. 

RR 8.04 vs 4.36 in BMI ≥30kg/m2 group). Several other groups have found a positive 

relationship of obese-years with diabetes incidence, with some data suggesting, perhaps not 

surprisingly, that both variables contribute to risk of developing diabetes.9, 45

Overall, studies demonstrate a robust relationship of obesity duration with incident diabetes 

despite adjustment for severity of obesity,37–39, 43–44, 46–47 although some have shown 

a slightly muted relationship after adjustment.39, 48–49 The available evidence seems to 

suggest that persistent obesity, especially when beginning in childhood or adolescence, 

poses a substantial risk for diabetes development in adulthood irrespective of obesity 

severity. Some data suggest sex differences, but these findings are inconsistent and without 

strong evidence underlying any mechanism. Finally, despite the relative homogeneity of 

findings in these studies, there are very limited data available on the role of race in the 

relationship between obesity duration and diabetes incidence. While we have evidence that 

certain racial groups are at an increased risk of developing type 2 diabetes at lower BMI 

severity (e.g. South Asian ethnicities), for example, we lack data to determine if this is 

consistent for obesity duration exposure.

Hypertension

Obesity is a key modifiable factor in the development and persistence of hypertension.50 

The impact of obesity on blood pressure is multifactorial and encompasses neurohormonal 

alterations, increased renal sodium uptake, physical renal compression by adipose tissue, and 

systemic inflammation.51 Obesity-mediated activation of the renin-angiotensin-aldosterone 

system (RAAS) and angiotensinogen production and release by adipose tissue, in 

combination with elevated leptin levels, promote sodium retention and sympathetic nervous 

system activation.52–53 Paradoxically, however, leptin receptor-deficient db/db and leptin-

deficient ob/ob mice exhibited elevated blood pressures, baroreflex dysfunction, and 

sympathetic activation that was reversed with pharmacologic RAAS blockade, suggesting 

that dysregulated angiotensin II may be the culprit of autonomic dysfunction regardless 

of leptin deficiency,54–55 but also raising doubt on the relevance of these models to 

human obesity.56 Interestingly, overfeeding humans and animals leads to rapid activation 

of the sympathetic nervous system and RAAS even before significant weight gain is 

achieved.57 Ongoing sympathetic and RAAS activation that occur in long-standing obesity 

ultimately lead to small artery remodeling and vasoconstriction, which increases wall stress 

and contributes to worsening hypertension.58 Further, arterial baroreceptor responses that 

modulate elevations in blood pressure through parasympathetic activation and sympathetic 

inhibition becomes less effective as chronic stimulation in an obese state leads to baroreflex 

desensitization.59

Available evidence suggests that while both obesity degree and duration are important in 

the pathogenesis of hypertension, obesity severity is likely the more important component 

of the equation. The effect of excess body weight on blood pressure is evident prior to 
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adulthood. The National Longitudinal Study of Adolescent Health examined changes in 

weight from adolescence to adulthood, finding that chronically overweight or obese subjects 

were at greater risk of hypertension than those who remained at normal weight, became 

obese in adulthood only, or were overweight/obese in adolescence and became non-obese 

in adulthood, with OR from 2.7 to 6.5 depending upon race/ethnicity.60 However, weight 

was only measured at two time points and no adjustment was made for current BMI. 

Except for African-American men and to some extent Hispanic men, those who were 

overweight or obese in adolescence but not in adulthood, did not exhibit increased risk 

of hypertension compared to those who maintained normal weight throughout, suggesting 

that any effect of obesity duration on blood pressure may be reversible with weight loss. 

In the study by Araújo et al.38 discussed above in the context of diabetes, there was 

a positive association between BMIAUC and systolic blood pressure, although this was 

largely attenuated after adjustment for BMI at 24 years of age, arguing that the mechanisms 

underlying obesity’s influence on blood pressure are not affected by chronicity. Compared 

to analyses of diabetes, the relationship with hypertension was much more influenced by 

subjects’ current BMI.

Blood pressure and weight were observed biennially among adults 30 to 62 years without 

hypertension in FHS. The investigators found a positive relationship between obesity 

duration and incident hypertension, but similar to studies of adolescents, this relationship 

was diminished after adjustment for most recent BMI.61 These findings are paralleled by 

those using 1999–2010 U.S. National Health and Nutrition Examination Survey (NHANES) 

data showing that while individuals who were obese both at 25 years of age and at the time 

of the survey had greater odds of elevated blood pressure, this association was eliminated 

after adjustment for current BMI.62 Finally, while obesity duration was associated with 

higher blood pressure in an analysis of three British birth cohorts, the relationship that 

remained after adjustment for BMI severity was weak.39

Overall, evidence suggests that obesity duration has a modest effect at most on blood 

pressure when separated from obesity severity. Additional support for this conclusion comes 

from studies that generally demonstrate that weight loss even in the setting of long-term 

obesity can lead to blood pressure improvement.63 However, the issue is far from settled. 

As mentioned above, similar to diabetes, limited data suggest potential influences of sex 

and race, but influences of these variables are underinvestigated. Further, some data suggest 

that while blood pressure improves with weight loss, not all mechanisms mediating obesity-

associated hypertension may be reversed, but whether obesity duration plays a role in these 

responses is uncertain.64

Dyslipidemia

In approximately 2/3 of individuals with obesity, adipocyte hyperplasia and hypertrophy 

that lead to adiposopathy result in dyslipidemia characterized by elevated circulating 

triglycerides, VLDL, and apolipoprotein B in conjunction with low HDL-C.65–66 Adipose 

tissue location also influences obesity-related effects of lipid metabolism, with visceral 

adiposity particularly associated with higher triglycerides and lower HDL-C.67
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The available data suggest that obesity severity is more integral to dyslipidemia pathogenesis 

than obesity duration, consistent with the literature that demonstrates individuals who have 

undergone weight loss will experience improvement in lipid profiles despite a background of 

chronic obesity.68 That said, studies exploring the effect of obesity duration on dyslipidemia 

incidence and severity are few relative to those investigating hypertension or diabetes.

In a longitudinal study of participants in their early twenties, groups were identified 

based on interpolated BMI trajectories from birth to 23 years: never obese, former obesity 

(childhood only), transient obesity (preadolescence only), recent onset obesity (adolescence 

to early adulthood), and persistent obesity (childhood to adulthood).69 Persistent and recent-

onset obesity were associated with worsened cardiometabolic risk profiles, specifically 

lower HDL-C. Nonetheless, individuals with early childhood or preadolescence obesity 

onset that transitioned to non-obesity status by early adulthood exhibited largely normal 

lipid profiles that were comparable to never obese participants. In a study of three British 

birth cohorts described above,39 obesity durations of <5 years and 20–30 years were 

associated with 12.4% and 24.8% lower HDL-C, respectively, compared to those of never 

obese individuals. While this trend was attenuated after adjustment for obesity severity, a 

statistically significant association nonetheless remained.

These findings align with those from a pooled analysis of prospective cohort studies 

regarding how duration of high adiposity from childhood to adulthood influences 

cardiovascular risk.70 High adiposity status was defined by age and sex-specific thresholds 

for children and BMI >30kg/m2 for adults. Over an average of 23 years, individuals with 

consistently high adiposity had greater risk of elevated LDL-C and triglycerides, as well 

as low HDL-C, versus those with normal BMI status throughout this timeframe (control 

group). Subjects who were overweight or obese during childhood but reached normal BMI 

status by adulthood had profiles similar to that of the control group as all trends were largely 

attenuated and became nonsignificant following adjustment for adult obesity – minimizing a 

potential role of duration.

The CARDIA study, which calculated excess BMI- and WC-years to represent the product 

of duration and severity of overall and abdominal adiposity, respectively, found these metrics 

were associated with greater triglycerides, total cholesterol, and lipid-lowering mediation 

use, and lower HDL-C.71 When obesity duration was investigated independently among 

Black and White CARDIA participants between 26 and 30 years at entry, every additional 

year of overweight or obese status increased the odds of developing dyslipidemia (HDL-C 

<50mg/dL in women, <40mg/dL in men; LDL-C ≥130mg/dL; or triglycerides ≥200mg/dL) 

by 10–15%.72 However, while the model included baseline BMI, it did not adjust for BMI 

at the time dyslipidemia incidence was determined. To our knowledge, a single analysis of 

NHANES data is the only one to demonstrate a significant association between overweight 

duration and dyslipidemia despite adjustment for concomitant BMI.73 There was a graded 

increase in odds of hypertriglyceridemia (men and women) and low HDL-C (women only) 

when moving from the normal weight to overweight <10 years to overweight ≥10 years 

groups, independent of current BMI. A major limitation of these results, however, was that 

duration was determined by recalled weights from 10 years prior to the time of survey.
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The evidence remains limited but overall mirrors our discussion of hypertension – with the 

scale tipped in favor of BMI severity having a primary role in influencing lipid profiles. 

Further, although adiposity distribution has an important and well-established influence on 

lipid profiles, this relationship may not pertain to obesity duration, as both excess BMI and 

WC-years demonstrate similar associations with obesogenic dyslipidemia.

Atherosclerotic Cardiovascular Disease

While obesity contributes to the development of atherosclerosis through its mediation of 

atherogenic dyslipidemia, hypertension, and T2DM as described above, the condition is 

also an independent risk factor for ASCVD.5 Much of the independent risk is felt to arise 

from the systemic and vascular inflammation elicited and perpetuated by excess adiposity. 

Adiponectin has a protective effect on the development of ASCVD through several 

mechanisms, including increased nitric oxide production, downregulation of pro-atherogenic 

mediators, coronary plaque stabilization, and arterial vasodilation.11 When adiponectin 

becomes dysregulated in obesity, these processes are overwhelmed by inflammatory 

cytokines and other mediators.74–75 Excess adipose tissue in perivascular areas has also 

been suggested to contribute to vascular damage by means of local inflammation.76 

The inflammatory effects seen in obesity are also driven by a complex coalition of 

inflammatory signals that include neutrophil, monocyte, macrophage, eosinophil, and mast 

cell proliferation and activation within both the circulation and adipose tissue77 ultimately 

perpetuating the systemic inflammation driving ASCVD pathogenesis.78–79 While recent 

data suggest that weight loss in obese hypercholesteremic mice can promote atherosclerotic 

plaque regression through induction of a unique subset of macrophages and inhibition of 

immune progenitor reprogramming, the impact of prolonged obesity on the capacity for 

resolution remains uncertain.80

Several studies suggest that obesity duration is particularly associated with increased risk of 

ASCVD, independent of the presence of obesity-associated risk factors. However, whether 

this is driven primarily by obesity severity is unclear given limitations in the analyses. 

Several prospective studies employing obese-years as a proxy for cumulative exposure 

found this metric to be a better predictor of incident ASCVD than either measure alone. In 

CARDIA, for each additional 50 excess BMI-years (defined as the subtracted difference 

between the actual BMI and reference BMI [25 kg/m2] multiplied by the duration in 

years), there was an increase in the incidence of coronary heart disease (CHD; defined 

as myocardial infarction, hospitalization for angina/acute coronary syndrome, or coronary 

artery disease-related death) after adjustment for age, race, sex, study center, education, 

smoking, alcohol use, physical activity, and energy intake [adjusted HR 1.25 (95% CI 1.07–

1.46)], that was attenuated, but persisted, with inclusion of all obesity-associated CHD risk 

factors [adjusted HR 1.06 (95% CI 0.86 – 1.32)].71 When obese-years were calculated for 

FHS participants with 50 years of follow-up data, for every 10 unit increase in obese-years 

(BMI units >29kg/m2 multiplied by number of years with that BMI), the HR for CHD 

increased by 4% for males and 3% for females after adjustment for age, smoking status and 

physical activity.81 However, a major limitation of this metric is that it only used BMI at a 

single time point, not reflecting any possible changes in weight.
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Obesity duration has been found to influence objective measures of ASCVD severity in 

several cohorts. There was a strong positive association between duration of overall and 

abdominal obesity and both the presence and extent of coronary artery calcium (CAC) 

even after adjustment for current BMI and WC in CARDIA subjects without obesity at 

enrollment.82 Obesity duration was further associated with 10-year progression of CAC in 

these middle-aged subjects. The Bogalusa Heart Study examined the relationship between 

obesity identified in youth and carotid intima-media thickness (CIMT) in adulthood and 

found greater CIMT only among those who were consistently obese from childhood to 

adulthood.83 The Cardiovascular Risk in Young Finns Study subsequently found that 

consistent obesity from youth to adulthood was associated with greater age- and sex-

adjusted CIMT compared to those who remained non-obese or who had been obese in 

their youth but became non-obese in adulthood.84 The relationship remained significant even 

after adjustment for obesity-related risk factors. However, as opposed to the findings within 

Bogalusa, CIMT of those who were obese beginning in childhood was comparable to those 

who were obese in adulthood only, which may suggest that this association is explained 

more by severity of adult obesity rather than total obesity duration, as the relationship 

between adult BMI and CIMT was highly significant despite adjustments for metabolic 

risk factors. The argument that BMI severity may be more important in ASCVD is further 

supported by data from the Atherosclerosis Risk in Young Adults study where a positive 

relationship between adolescent BMI and adult CIMT was attenuated after adjustment for 

adult BMI.85

At this time, obesity duration and severity both appear important in the pathogenesis of 

ASCVD separate from their contributions to ASCVD risk factors, though the distinct effect 

of each has not been confidently demonstrated.

Structural Heart Disease

Obesity-associated inflammation and oxidative stress contribute not only to arterial 

pathology, but also myocardial dysfunction. Chronic RAAS activation alters cardiac 

fibroblast production leading to excess collagen deposition, myocardial stiffening, 

hypertrophy, and ultimately diastolic dysfunction.86 Animal models suggest that myocardial 

lipid accumulation and lipotoxicity further contribute to altered cardiac hemodynamics and 

cellular damage that mediate obesity cardiomyopathy.87

While obesity duration has always been considered important to the associated 

cardiomyopathy, separate mediating effects of severity and duration have only been cursorily 

explored. Obesity duration has repeatedly been associated with left ventricular (LV) diastolic 

impairment,88–89 increased LV mass,89–91 and LV systolic function.89, 91 For example, 

one study found that LV dimension, wall thickness, and stroke volume were significantly 

positively correlated with obesity duration when subjects with <15 years of obesity were 

compared to those with ≥15 years of obesity, despite no difference in degree of obesity 

between the two groups.88 Alpert et al.89 found that greater duration of obesity was 

associated with higher LV mass, worse LV systolic function, and greater impairment 

of LV diastolic filling in patients undergoing bariatric surgery. In a separate cohort of 

candidates for bariatric surgery (average BMI 49 kg/m2) LV wall thickness strongly 
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correlated with obesity duration.90 However, neither of these small analyses accounted for 

obesity severity. The CARDIA study illustrated that even after adjusting for hypertension, 

T2DM, demographics, smoking, and physical activity, each additional five years of overall 

obesity were associated with a 2.5g increase in LV mass and 0.3% decrease in LV 

ejection fraction on echocardiograms completed 25 years after enrollment. However, obesity 

severity at year 25 was also strongly associated with nearly all measures of LV structure, 

possibly suggesting that cardiac remodeling is due to both excess adiposity severity and 

the cumulative impact of longer obesity duration (predominantly by increasing LV mass), 

though an interaction term was not included in their models.91

For every 10 additional obese-years experienced by FHS participants, there was 6% 

increased adjusted risk of developing congestive heart failure (CHF) for males and 4% 

for females.81 A comparison of predictors found obese-years to provide more precise 

estimation of the risk of CHF than severity or duration of obesity alone. Among CARDIA 

subjects, each additional 50 excess-BMI years was associated with increased risk of CHF 

that persisted after inclusion of all obesity-associated CHF risk factors [adjusted HR 1.32 

(95% CI 1.05–1.66)] and was a better predictor of CHF than either time-varying BMI or 

WC.71

A single study investigated the impact of weight history on markers of subclinical 

myocardial damage through a secondary analysis of the ARIC cohort.92 The authors 

identified subjects who did not have CVD at the time of collection of blood for high 

sensitivity cardiac troponin-T (hs-cTnT; Visit 4) and determined obesity duration during two 

different periods: 1) Visits 1 through 4 (representing a 9-year span in middle age) and 2) age 

25 (self-reported and collected at Visit 1) through Visit 4 (representing young adulthood to 

late middle age). Every 10 years of obesity were associated with hs-cTnT [OR 1.26 (95% 

CI, 1.17–1.35)] after adjustment for diabetes, systolic blood pressure, anti-hypertensive 

medication use, LDL-C, HDL-C, triglycerides, eGFR, and NT-proBNP. Each 100 additional 

excess BMI-years showed a similar association with hs-cTnT [OR 1.21 (95% CI, 1.14–

1.27)].

Calcific aortic valve stenosis (CAVS) is the most common valvular abnormality and shares 

many risk factors with ASCVD, including hypertension, T2DM and dyslipidemia. However, 

medical therapies, such as lipid-lowering agents, do not slow progression of CAVS or 

associated events (e.g., need for replacement, CHF).93 In an analysis of 71,817 men and 

women without CVD at enrollment, overall and abdominal obesity were both associated 

with CAVS after adjustment for age, diabetes, hypertension, and dyslipidemia. Obese 

individuals with substantially increased WC were at highest risk of CAVS among the 

participants.94 A subsequent Mendelian randomization study corroborated the relationship 

between BMI and CAVS concluding that among 14 CVD outcomes including CAD, 

CHD, and atrial fibrillation, genetically-predicted BMI was most strongly associated with 

CAVS.95 However, no study to date has examined the impact of obesity duration on CAVS 

development, despite this condition developing over decades of exposure to pathologic 

stimuli and no demonstrable change in disease trajectory with weight loss.96
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Conclusions

While the pathophysiology underlying the influence of obesity on the development of CVD 

and metabolic risk factors has been explored extensively, much less is known about how 

these mechanisms are influenced by long-term exposure to excess adiposity. The current 

evidence suggests that obesity duration’s influence in cardiometabolic disease is complex 

and heterogenous. While its impact appears to outweigh that of obesity severity in diabetes 

mellitus, obesity duration’s influence on other metabolic risk factors, such as hypertension 

and dyslipidemia, appears less pronounced. We cannot be certain that duration of obesity 

doesn’t play a role in the reversibility of these obesity-related risk factors, as the question 

has received inadequate research attention. Chronic exposure to excess adiposity is clearly 

important to the pathogenesis of ASCVD and cardiomyopathy, and increases mortality, 

though the best attempts to delineate its roles are still fraught with limitations. We have 

yet to do more than scrape the surface in investigating the influence of obesity duration 

on CAVS – the condition with the strongest association with BMI. Longer duration of 

abdominal or visceral obesity augments the risk for developing diabetes, dyslipidemia, and 

ASCVD, though it remains unclear if it poses additional risk compared to subcutaneous 

adipose tissue accumulation of the same degree.

Despite improving treatments for obesity, millions of individuals experience obesity 

for extended durations, often beginning in child- or young adulthood, before losing 

weight and appreciating and treating residual risk following successful weight loss will 

remain a prevalent concern. There is thus urgent need for focused effort to understand 

the consequences of cumulative obesity exposure. It is imperative that studies analyze 

contemporary cohorts to better characterize the impact of obesity duration (in addition to 

severity) on cardiometabolic disease. Furthermore, within this context, efforts to additionally 

define the influence of additional variables, including adipose distribution, overall body 

composition, and lifestyle factors (e.g. dietary composition, physical activity/cardiovascular 

fitness) within the equation. There remains a need for data from appropriate animal models 

in the area of obesity duration to provide critical mechanistic insights critical to deciphering 

the heterogeneous impact of obesity exposure on disease development.

As limited data suggest that greater durations of obesity are associated with reduced 

adherence to obesity treatments,97 and may also alter the pharmacokinetics of weight 

loss medications98, any influence of obesity duration on interventions and therapeutics 

for obesity and related conditions also requires exploration. Within the context of obesity, 

variations in physical activity and diet can influence the pathophysiologic processes driving 

cardiovascular disease,99 adding complexity to the relationship between chronic obesity 

exposure and cardiovascular outcomes. Nonetheless, these variables were not adjusted for in 

any of the reports contained within the present review and thus are important considerations 

for future analyses. With insight into the importance of obesity duration, we may improve 

our treatments to counteract obesity and its related diseases – potentially impacting hundreds 

of millions of people worldwide who suffer from chronic obesity and are at high risk for 

diseases that decrease life expectancy and increase disability.
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Non-standard Abbreviations and Acronyms

ARIC Atherosclerosis Risk in Communities

ASCVD atherosclerotic cardiovascular disease

CAC coronary artery calcium

CAVS calcific aortic valve stensosis

CIMT carotid intima-media thickness

CHD coronary heart disease

CHF congestive heart failure

CVD cardiovascular diseases

FFA free fatty acids

FHS Framingham Heart Study

hs-cTnT high sensitivity cardiac troponin-T

LV left ventricle

NHANES National Health and Nutrition Examination Survey

RAAS renin-angiotensin-aldosterone system

T2DM type 2 diabetes mellitus

WC waist circumfrence
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Highlights

• Despite decades of attention to the contribution of obesity to cardiometabolic 

disease, few studies have assessed the specific contribution of cumulative 

obesity exposure

• We find that among diverse cardiovascular diseases and metabolic risk 

factors often associated with obesity, some exhibit clear associations with 

obesity duration (e.g. diabetes, atherosclerosis), others are uncertain (e.g. 

hypertension, dyslipidemia), and some are uninvestigated (e.g. calcific aortic 

stenosis).

• Our observations support the urgent need for clinical and pre-clinical research 

into the impact of obesity duration on the 1) pathogenesis of cardiometabolic 

disease, 2) potential residual risk associated with prolonged obesity exposure 

despite weight loss, and 3) impact of obesity duration on the efficacy of 

present and developing therapies for obesity.
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Figure 1. Mechanistic pathways mediating the roles of both obesity/adiposity severity and 
duration in cardiovascular and metabolic disease pathogenesis.
This figure summarizes the available evidence from human translational and animal studies 

supporting the diverse roles for obesity severity and duration in the pathophysiology of 

various cardiovascular diseases and associated conditions affecting cardiovascular risk. 

Dysfunctional adipose tissue mediates the pathogenesis through numerous mechanisms. 

Less is known about potentially unique means through which obesity duration impacts the 

development of these disorders, and the potential for their resolution/improvement with 

weight loss.

Created with BioRender.com. ASCVD, atherosclerotic cardiovascular disease; RAAS, renin-

angiotensin- aldosterone system
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