
Cardiovascular Risk and Diseases in Patients With and Without 
Leptin-Melanocortin Pathway Variants

Lizeth Cifuentes, MD1, Alejandro Campos, MD1, Daniel Sacoto, MD1, Wissam Ghusn, MD1, 
Alan De la Rosa, MD1, Fauzi Feris, MD1, Alison McRae, MS1, Joshua T. Bublitz, BS2, Maria 
D Hurtado, MD, PhD1,3, Janet Olson, PhD2, Andres Acosta, MD, PhD1

1Precision Medicine for Obesity Program, Division of Gastroenterology and Hepatology, 
Department of Medicine, Mayo Clinic, Rochester, MN

2Division of Epidemiology, Department of Quantitative Health Sciences, Mayo Clinic, Rochester, 
MN

3Division of Endocrinology, Diabetes, Metabolism, and Nutrition, Department of Medicine, Mayo 
Clinic Health System, La Crosse, WI

Abstract

Objective: To study differences in cardiovascular (CV) risk factors and diseases between patients 

with and without genetic variants in the leptin-melanocortin pathway.

Patients and Methods: A cross-sectional study of patients with a history of severe obesity 

genotyped in June 2019 as part of the Mayo Clinic Biobank study to assess differences 

in cardiovascular risk and diseases (CVD) assessed in March 2022 between carriers of a 

heterozygous variant in the leptin-melanocortin pathway and non-carriers. CV risk factors 

included hypertension, diabetes, dyslipidemia, and smoking. CVD includes coronary artery 

disease, peripheral artery disease, and cerebrovascular accidents. Patients with a history of 

bariatric surgery were excluded. We used logistic regression models to estimate the odds ratio 

(OR) and 95% confidence intervals (CI), adjusting for age, body mass index (BMI), and sex.
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Results: Among total of 168 carriers (8%) (72% females, mean [SD] age of 65.1 [14.9] 

years, BMI of 44.0 [7.4] kg/m2) and 2039 non-carriers (92%) (71% females, mean age of 64.9 

[14.4] years, BMI of 42.9 [6.6] kg/m2), carriers had higher prevalence odds of hypertension 

(OR, 3.26; 95% CI, 2.31–4.61; p < .001) and reported higher number of cardiovascular risk 

factors compared with non-carriers participants (2.4 [1.1] vs. 2.0 [1.1]; p < .001). There were no 

significant differences in the adjusted odds associated with diabetes, dyslipidemia, smoking, or 

CVD.

Conclusion: Despite having similar body weight and BMI, carriers of heterozygous mutations in 

the leptin-melanocortin pathway had higher rates of hypertension than non-carriers. These findings 

point to an association between hypertension and leptin-melanocortin pathway mutations.

Introduction

The prevalence of obesity and its associated cardiometabolic diseases have increased 

in recent decades and have become a major concern for most healthcare systems due 

to their considerable socioeconomic burden.1 In 2016, there were 671 million adults 

with obesity worldwide (12% of the world’s adult population), substantially double the 

burden from the preceding 30 years.2 Furthermore, as body weight increases, so do the 

risks of cardiovascular morbidity and mortality, including stroke, congestive heart failure, 

myocardial infarction, and cardiovascular death.3 As a result, obesity has been labeled as a 

major, modifiable risk factor for cardiovascular diseases (CVD).4

Obesity is a multifactorial disease which results from an energy-balance dysregulation. 

Bodyweight is regulated by complicated interactions between hereditary and environmental 

factors. Overall, the heritability of obesity is estimated at 40% to 70%.5 However, only 

around 10% of severe early-onset obesity, as early as less than 5 years of age, is caused by 

monogenic variants. This is mainly due to autosomal recessive mutations in genes of the 

leptin-melanocortin pathway. This pathway is critical for regulating food intake and body 

weight.6 Heterozygous variants in the leptin-melanocortin pathway are the most prevalent 

in approximately 6% of children with severe early-onset obesity and 2.5% of adults with 

obesity.7,8

The leptin–melanocortin pathway is a network of neurons in the hypothalamus that 

integrates information regarding peripheral energy storage, which is predominantly 

conveyed by the leptin hormone. The pathway contains leptin-responsive neurons that 

express neuropeptide Y and agouti-related protein (AgRP), as well as neurons that express 

proopiomelanocortin (POMC). POMC is cleaved to yield melanocyte-stimulating hormones 

(MSH).9 Downstream, MSH acts as an agonist to target the melanocortin 3 receptor (MC3R) 

and the melanocortin 4 receptor (MC4R) expressing neurons. On the other hand, AgRP is 

the natural antagonist of MC3R and MC4R.

Animal studies have suggested that the leptin-melanocortin pathway plays an important 

role in cardiovascular regulation and that obesity is linked to cardiovascular illness, 

with hypertension serving as the principal mediator of obesity-induced cardiovascular 

disease.10,11 This study aims to investigate the association between cardiovascular diseases 

and heterozygous variants in the leptin-melanocortin pathway in patients with obesity. 
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Understanding the effect of these variants and cardiovascular morbidity and mortality would 

aid clinicians in addressing its modifiable risk factors, better serving the needs of this rapidly 

growing portion of the population.

Methods

Study design, study population, and sample selection

We conducted a cross-sectional study on participants of the Mayo Clinic Biobank 

(n=56,862) 12 who had a history of severe obesity (body mass index [BMI] ≥ 40 mg/

km2) according to relevant International Classification of Diseases, Ninth Revision, Clinical 

Modification (ICD-9) 278.01 or had bariatric surgery, assessed in March 2022, who were 

genotyped for variants in the hypothalamic leptin-melanocortin pathway (n = 3,002) and 

evaluated the differences in the prevalence of cardiovascular risk factors and CVD between 

carriers of heterozygous pathogenic variants, likely pathogenic variants, and variants of 

undetermined significance in genes in the leptin-melanocortin pathway and non-carriers. 

A total of 30 genes (Supplemental Table 1) previously related to the leptin-melanocortin 

pathway were sequenced by Sema4 Laboratories (Stamford, CT, USA) and are detailed in 

Supplementary Material.7 The study was approved by the institutional review board (IRB) 

of Mayo Clinic (IRB 18–010159). All participants provided prior written authorization for 

research use of their medical records and biological samples, including use for genotyping 

studies. We excluded deceased patients (n=217) and patients with any history of bariatric 

procedure (n=557), which can influence the prevalence of cardiovascular disease or risk 

factors.13 We also excluded patients with homozygous variants and compound heterozygous 

(n=19), presenting a different phenotype than with a heterozygous variant (Figure 1).

Outcome variables

Up to February 2022, the following demographic data were extracted from the electronic 

medical record: sex, age, height, and weight as last entered in the electronic medical 

record (EMR). The following demographic data were abstracted from the electronic medical 

record: sex, age, height, and weight last recorded in the EMR until February 2022. Data 

on comorbidities were collected by a computerized hospital system according to relevant 

ICD-9 or ICD-10 codes (Supplemental Table 2)14. The comorbidities investigated were all 

forms of cardiovascular risk factors: (1) hypertension, (2) diabetes, (3) dyslipidemia, and 

(4) smoking. The cardiovascular diseases (hereafter referred to as cardiovascular disease 

[CVD]) included: (1) coronary artery disease (CAD), (2) peripheral artery disease, and (3) 

history of cerebrovascular accident (CVA). Coronary artery disease included angina and 

non-fatal myocardial infarction and CVA was defined as having any history of ischemic 

stroke, hemorrhagic stroke, or transient ischemic attack.

Statistical Analysis

We calculated proportions for categorical variables and means (± standard deviation [SD]) 

for continuous variables according to carrier or non-carrier status. We used two-sample 

independent t-test for continuous variables and Fisher’s exact test for categorical variables 

to compare baseline characteristics between groups. We used logistic regression to estimate 
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the prevalence odds ratio (OR) and its 95% confidence intervals (CI). Logistic regression 

models were constructed to assess the association between carriers or non-carriers with 

cardiovascular risk factors and CVD, univariate logistic regression, and multivariate logistic 

regression adjusting for age and BMI (model 1); and age, sex, and BMI (model 2). Statistical 

significance was set at 2-sided p < .05. We used JMP®, Version 14.3.0 (SAS Institute 

Inc., Cary, NC, 1989–2019) to perform the statistical analysis. This study followed the 

Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) reporting 

guideline (Supplementary Material).

Results

We included 168 carriers (8%) (72% females and mean [SD] age of 65.1 [14.9] years) 

and 2039 non-carriers (92%) (70.9% females and mean age of 64.9 [14.4] years) (Table 

1). In this final cohort, we identified 119 variants in 11 different genes from the leptin-

melanocortin pathway, nine genes upstream to the MC4R (LEPR, MAGEL2, PCSK1, 
POMC, PROK2, RAB23, RAI 1, SH2B1, and SRC1), and two downstream (SIM1 and 

MC4R) (Supplemental Table 3). In comparison with non-carriers, carriers did not have 

significantly higher body mass index (mean [SD], 44.0 [7.4] kg/m2 vs. 42.9 [6.6] kg/m2; p = 

0.07; calculated as weight in kilograms divided by height in meters squared),

Cardiovascular Risk Factors by Carrier Status

Dyslipidemia was the most common cardiovascular risk factor for carriers (129 [76%]) and 

non-carriers (1575 [77.2%]). Carriers had a higher prevalence of hypertension compared 

with non-carriers (120 [71.4%] vs. 885 [43.4%]; p < .001) (Table 2). Overall, the mean (SD) 

number of reported cardiovascular risk factors per patient was higher in carriers compared 

with non-carriers’ participants (2.4 [1.1] vs. 2.0 [1.1]; p < .001). In the univariate logistic 

regression, carriers have statistically significantly higher odds of prevalent hypertension than 

non-carriers (Table 2, univariate analysis: OR, 3.26; 95% CI, 2.31–4.61; p < .001). There 

was no significant change when the model was further adjusted for age and BMI (Table 2, 

model 1), and sex (Table 2, model 2). Carriers have a nearly statistically significantly higher 

odds of diabetes than non-carriers (Table 2, univariate analysis: OR, 1.35; 95% CI, 0.99 – 

1.86; p = .05). However, it was no longer significant after adjusting for age, sex, and BMI. 

There were no differences in the odds for dyslipidemia or smoking status between groups.

Cardiovascular Disease by Carrier Status

Overall, 27.7% of individuals had coronary artery disease, 32.5% had peripheral artery 

disease, and 11.2% had a history of cerebrovascular accidents. There was no significant 

difference in the rate of CVD across groups (Table 2). Overall, the mean number of reported 

cardiovascular diseases per patient was similar in carriers compared with non-carriers 

participants (0.65 [0.9] vs. 0.71 [0.9]; p = 0.38). In the multivariable-adjusted models, 

carriers did not have statistically significantly higher odds of any CVD compared with 

non-carriers (Table 2).
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Discussion

In this study of patients with obesity with and without leptin-melanocortin pathway 

heterozygous genetic variants, we found that carriers had an increased prevalence of 

hypertension. Adjustment for age, sex, and BMI, potentially influencing cardiovascular risk 

factors, did not attenuate this relationship. However, despite the increased number of risk 

factors, there was no consistent relationship between leptin-melanocortin pathway variants 

and CVD.

Few previous studies have documented the prevalence of cardiovascular health in subjects 

with obesity and genetic variants in the leptin-melanocortin pathway.10,15–17 One of 

these reports showed that adults with obesity who were heterozygous for complete loss-of-

function variants in the MC4R gene had a lower prevalence of hypertension than adults 

with overweight or obesity with a normal MC4R genetic sequence.16 According to their 

findings, MC4R-deficient participants, were substantially shielded against the predicted link 

between obesity and high blood pressure, mainly due to impaired sympathetic nervous 

system activation. However, in a cohort of adults with a history of severe obesity and 

heterozygous variants in the leptin–melanocortin pathway, carriers had a higher prevalence 

of hypertension despite having a similar body weight and BMI. More study in humans 

is needed to fully understand how MC4R-expressing brain pathways regulate pressor and 

depressor vascular effects, as seen in animal models.10,11,18

Excess weight gain and adiposity predict the development of hypertension, and the 

association between BMI and blood pressure appears to be almost linear in many 

studies.19–21 The main physiological mechanism attributed has been the activation of the 

sympathetic nervous system, which appears to be mediated in part by increased levels of 

leptin, stimulation of POMC neurons, and subsequent activation of the central nervous 

system melanocortin 4 receptors.22,23 The higher prevalence of hypertension in carriers of a 

heterozygous variant in the leptin-melanocortin pathway may be explained by an increased 

leptin-mediated sympathetic stimulation to organs such as the kidney, heart, and adrenal 

glands.

Importantly, long-term obesity does not appear to be required to elevate blood pressure, 

as the association between adiposity and hypertension is seen in childhood.24 Few studies 

on the effects of long-term obesity have discovered that a longer duration relates to a 

heightened incidence of diabetes and mortality but have not found an association with 

arterial hypertension or hyperlipidemia.25–27. Furthermore, the Framingham Heart Study 

data indicate that the mechanism through which excess adiposity may raise blood pressure 

is essentially rapid and that long-term exposure to obesity does not enhance the risk of 

developing hypertension beyond the level of BMI obtained.28 Patients with genetic variants 

in the leptin-melanocortin pathway may have experience obesity since childhood; however, 

the exact duration of the syndrome in this cohort has not been documented. More research is 

needed to determine the long-term risk of obesity in people with genetic variants and CVD.

In addition, previous studies have suggested that insulin resistance and hyperinsulinemia are 

key factors to high blood pressure.29,30 However, a cause-and-effect relationship has not 
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been fully elucidated, and obesity may be the primary factor relating to these conditions. 

The metabolic consequences of insulin resistance appear to combine synergistically 

with increased sympathetic nervous system activity to aggravate hypertension in patients 

with obesity. This link between hypertension and insulin resistance or hyperinsulinemia 

caused by excess adiposity is mediated by renal sodium retention, vascular anatomy-

function, and ion transport. The central melanocortin pathways that promote sympathetic 

activation and hypertension may also be responsible for pancreatic insulin production 

and hyperinsulinemia.31,32 Children with MC4R deficiency have shown higher rates 

of hyperinsulinemia than children with a normal MC4R genetic sequence.33 Here, we 

have observed a nearly significantly higher odds of diabetes in adults with obesity and 

heterozygous variants in the leptin-melanocortin pathway. In contrast to hypertension, the 

length of obesity is a significant risk factor for type 2 diabetes, regardless of BMI level.25 

Timing was not evaluated in our sample; more prospective cohort studies are required 

to understand the effect of childhood obesity in individuals with a leptin-melanocortin 

variation.

The strengths of this study include the homogeneity in demographic characteristics between 

both groups, exclusion of patients with the bariatric procedure, recency and availability 

of information of the electronic medical record, high quality of genotype information, 

and the power given by a high number of carriers with a heterozygous variant in the 

leptin-melanocortin pathway. Previous studies with varying methodology and sample sizes 

have reported under-recognition and poor coding practices for obesity.34,35 Despite the 

underrepresentation of the condition using the coding system, there is a low false-positive 

rate for severe obesity, which allows us to examine the differences in cardiovascular risk 

factors and diseases in patients with severe obesity.

Our study also has several potential limitations. First, the observational design precludes 

reaching causal conclusions regarding the findings. Second, given the complexity of the 

CVD causal pathways, there may be a significant amount of unmeasured confounding and 

mediation within our analysis’s data. Third, comorbidities were defined by ICD codes, and 

further studies with current clinical guidelines should be performed. Fourth, we did not 

include data on the duration between the onset and diagnosis of any risk factors or diseases 

that may affect the association between risk factors and heterozygous variants in the leptin-

melanocortin pathway considering obesity duration. Fifth, because our group excluded 

deceased participants, there may have been a survival bias, which might explain why there 

were no changes in CVD outcomes despite the increased prevalence of hypertension. It has 

been described as a protective effect of obesity in congestive heart failure, renal failure, 

and diabetes.36,37 The most common explanation for the paradox is selection bias, as large 

population-based studies show that younger individuals with obesity have a higher risk of 

death than normal-weight patients.38 Despite the risk of survival bias in our study, we have 

only compared patients with obesity, and there were no differences in the mortality rate 

between carriers and non-carriers. Finally, most participants from the Mayo Clinic Biobank 

resided in the Upper Midwest regions of the USA (Minnesota, Iowa, Illinois, or Wisconsin), 

Florida, or Georgia. The self-reported race among biobank participants was 90% White, and 

the generalizability of these results to other populations may be limited. There have been 

described important differences in CVD prevalence among different races. However, it is 

Cifuentes et al. Page 6

Mayo Clin Proc. Author manuscript; available in PMC 2024 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



widely recognized that ethnic and racial minorities participate in and are recruited for fewer 

cardiovascular research and trials than white people.39 Future prospective studies should 

evaluate cardiovascular risk factors and diseases among different populations.

Conclusion:

In conclusion, data from this cross-sectional study indicate that patients with obesity 

and heterozygous variants in the leptin-melanocortin pathway may not be protected from 

hypertension as previously thought. Despite the fact that carriers of an MC4R variant did 

not have an increase in the incidence of cardiovascular disease or death, our findings 

support a practice of primary hypertension prevention in adults with heterozygous variants 

and obesity. Further studies are needed to understand the mechanisms that mediate the 

changes in the sympathetic neural activity in humans with obesity who are affected by a 

leptin-melanocortin variant.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Abbreviations:

AgRP agouti-related protein

BMI body mass index

CAD coronary artery disease

CI confidence intervals

CV cardiovascular

CVA cerebrovascular accident

CVD cardiovascular diseases

EMR electronic medical record

ICD-9 International Classification of Diseases, Ninth Revision, Clinical 

Modification

IRB institutional review board

MC3R melanocortin 3 receptor

MC4R melanocortin 4 receptor

MSH melanocyte-stimulating hormones
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OR odds ratio

POMC proopiomelanocortin

SD standard deviation

STROBE Strengthening the Reporting of Observational Studies in 

Epidemiology
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Figure 1. 
Participant Flow-Chart
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Table 1.

Demographics of carriers and non-carriers of a heterozygous variant in the leptin-melanocortin pathway.

All
(n = 2207)

Carriers
(n = 168)

Non-carriers
(n = 2039) p-value

Sex, females 1567 (71.0%) 121 (72.0%) 1446 (70.9%) .79

Race, white 2098 (95%) 158 (94%) 1940 (95%) .46

Age, years 64.9 (14.4) 65.1 (14.9) 64.9 (14.4) .87

Weight, kg 119.6 (20.8) 120.9 (21.1) 119.5 (20.8) .39

BMI, kg/m 2 43.0 (6.6) 44.0 (7.4) 42.9 (6.6) .07

Abbreviations: BMI, body mass index.

Data are presented as mean and standard deviation (SD).
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Table 2.

Distribution and prevalence odds ratio of cardiovascular risk factors and cardiovascular diseases among 

carriers of a heterozygous variant in the leptin-melanocortin pathway.

All
(n = 2207)

Carriers 
(n = 168)

Univariate OR
(95% CI) p-

value
Model 1

a
 OR 

(95% CI)
p-

value
Model 2

b 

OR 
(95% CI)

p-
value

Cardiovascular 
Risk Factors

Hypertension, yes 1005 
(45.5%)

120 (71.4%) 3.26 (2.31 – 4.61) <.001 3.31 (2.33 – 
4.71)

<.001 3.32 (2.34 – 
4.73)

<.001

Diabetes, yes 1000 
(45.3%)

88 (52.4%) 1.35 (0.99 – 1.86) .05 1.32 (0.95 – 
1.83)

.09 1.34 (0.96 – 
1.86)

.08

Dyslipidemia, yes 1704 (77%) 129 (76%) 0.97 (0.67 – 1.41) .89 0.95 (0.63 – 
1.43)

.82 0.96 (0.63 – 
1.45)

.84

Smoke, yes 915 
(41.4%)

64 (38.1%) 0.85 (0.62 – 1.18) .36 0.84 (0.61 – 
1.17)

.32 0.86 (0.61 – 
1.19)

.35

Cardiovascular 
Diseases

CAD, yes 611 
(27.7%)

45 (26.8%) 0.95 (0.73 – 1.49) .78 0.89 (0.60 – 
1.31)

.55 0.91 (0.62 – 
1.35)

.66

PAD, yes 717 
(32.5%)

48 (28.5%) 0.95 (0.52 – 1.72) .35 0.74 (0.50 – 
1.09)

.13 0.75 (0.51 – 
1.10)

.22

CVA, yes 248 
(11.2%)

17 (10.1%) 0.86 (0.52 – 1.48) .63 0.86 (0.50 – 
1.46)

.57 0.87 (0.50 – 
1.49)

.61

Abbreviations: CAD, coronary artery disease; CVA, cerebrovascular accident; CVD, cardiovascular disease; PAD, peripheral arterial 
disease.

a
Adjusted for age and body mass index.

b
Adjusted for age, sex and body mass index.
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