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Article

Introduction

A notable outcome of improved healthcare systems 
includes a significant impact on population longevity. 
The most robust generation in the United States, termed 
the Baby Boomers, is expected to have all members 
aged 65 years or older by 2030 (America Counts Staff, 
2019). As the number of individuals 65 years old or 
older has rapidly grown over the decades—12.4% in 
2000 to 16.0% in 2018, the comorbidities have trended 
similarly with nearly 75% of older adults being bur-
dened with multiple medical comorbid conditions 
(America Counts Staff, 2019; U.S. Department of Health 
and Human Services, 2016).

Heart failure (HF) remains ubiquitous in the aging 
population and continues to be a significant cause of 
hospital admission and healthcare dollar spending with 
the total cost predicted to increase to $70 billion in 2030 
up from $31 billion in 2012 (Ambrosy et  al., 2014; 
Benjamin et al., 2019; Heidenreich et al., 2013; Jackson 
et al., 2018). There are two major clinical subtypes of 
HF: heart failure with reduced ejection fraction (HFrEF) 

and heart failure with preserved ejection fraction 
(HFpEF). HFpEF occurs with greater frequency at an 
older age due to a higher burden of cardiovascular risk 
factors such as hypertension, arrhythmias, atherosclero-
sis, and dyslipidemias in addition to decreased automa-
ticity of intrinsic pacemakers with age (Dharmarajan & 
Rich, 2017; Samuel et al., 1999; Wei, 1992).

HF is the number one cause of death in both men and 
women in the United States (Heron, 2019), hence it is 
relevant to investigate its prevalence in nonagenarians 
and centenarians. Previous work from our group has 
explored associations among common comorbid condi-
tions, cardio metabolic characteristics, and hematologi-
cal profiles in the geriatric population in the southern 
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Abstract
Cardiovascular disease is a common comorbidity associated with an aging population. However, there is a unique 
group of individuals whose age-defying qualities are still being investigated.
This retrospective chart review analyzed various cardiac and metabolic health parameters to characterize the 
prevalence of heart failure and metabolic derangements in individuals aged 90 years old or older in central Arkansas. 
Only 236 of the 291 patients in our study cohort had blood pressures recorded. Of these, 50% had systolic blood 
pressures ≥140 mmHg. Additionally, 77% had pulse pressures ≥50 mmHg. Of the 96 patients with BNP data, 44% 
had values ≥300 pg/mL. There was a slight positive correlation between aging and HDL cholesterol, while there was 
a negative correlation between aging and both total cholesterol and LDL cholesterol. A majority of our patients 
had both elevated systolic blood pressures and elevated pulse pressures. A majority also had high BNP values, 
indicative of some degree of heart failure. Additionally, atrial fibrillation was a common arrhythmia identified on 
EKG. However, these oldest of the old patients had fewer documented metabolic derangements. These findings 
lay important groundwork for further investigation into lifestyle and genetic components that allow them to live 
exceptionally long with such comorbidities.
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United States (Azhar et  al., 2015, 2017; Joshi et  al., 
2017). However, there has been little exploration into 
prevalence of heart failure associated with exceptional 
longevity in Arkansas. Assessment of the clinical car-
diovascular profile is of particular interest in Arkansas, 
the state that ranked third in the nation in 2017 for heart 
disease related deaths (CDC Stats of States, 2018). We 
performed a retrospective study of the oldest of the old 
residing in central Arkansas to explore the spectrum of 
heart failure with common associated co-morbidities of 
hypertension, arrhythmias, and hyperlipidemia in those 
with exceptional aging.

Methods

Study Population

This was a retrospective, descriptive study based on data 
requisition from electronic medical records (EMR) of 
nonagenarians and centenarians using the Data ware-
house. The inclusion criteria included age >90 years, 
both genders and all ethnicities seen at the University of 
Arkansas for Medical Sciences (UAMS). Exclusion cri-
teria included age <90 years and charts that had key 
missing data such as vital signs. These included patients 
who had been seen by the optometrist and had no other 
physical exam or medical history. All duplicate records 
were removed, and a total of 291 unique patient records 
were identified who had received care between 2011 and 
2016. The EMR for each patient was queried from their 
most recent visit for data that consisted of demographic, 
physiologic, metabolic, biochemical, and medication 
information. This study proposal was approved by the 
UAMS Institutional Review Board (Protocol #201959).

Anthropometric measurements and hemodynamic 
values were obtained from the last documented visit of 
the patient. Body mass index (BMI) was subdivided into 
the following groups: ≤25 (underweight), 25 to 29.9 
(normal weight), 30 to 34.9 (overweight), and ≥35 
(obese). Systolic blood pressures were divided into the 
following categories based on the current American 
Heart Association guidelines: <120 (normal), 120 to 
129 (pre-hypertension/elevated), 130 to 139 (Stage I 
hypertension), and ≥140 (Stage II hypertension). Pulse 
pressure was calculated by finding the difference 
between systolic blood pressure and diastolic blood 
pressure measurements. Other cardiometabolic mea-
surements of lipids and brain naturetic peptide (BNP) 
were obtained from the EMR. Data from EKG was 
available in n = 108 subjects and was queried for any 
dysrhythmias including, atrial fibrillation, premature 
atrial complexes, premature ventricular complexes, 
atrioventricular and sinonodal blocks, and bundle branch 
block. Presence of a pacemaker and any arrhythmias 
associated with pacing was recorded. Echocardiograms 
were only available in n = 25 and we focused on ejection 
fraction. The record of out-patient medication history 
was reviewed and medications noted. The data gathered 

were either associated with the last clinic visit or closest 
available to the last clinic visit.

Statistical tests: Categorical variables were presented 
as counts and percentages and data were reported as 
mean ±SD. The standard t-test was employed and  
scatterplots and Pearson’s correlation coefficients were 
calculated using Graphpad Prism 9.1 to examine asso-
ciations between different variables of interest. An alpha 
cut-off of 0.05 was used for significance.

Results

For this study, the average age of the sample was 
98 ± 3.0 years, with 83.2% females. Approximately 
74.2% of the population was White/Caucasian and 
23.0% of the population was Black/African American. 
Of the 291 patients, 132 patients had BMI data avail-
able. The average BMI for this study population was 
24 ± 5.1 kg/m2, with 56.8% underweight, and only 8.3% 
overweight or obese (Table 1).

Hypertension was categorized based on the latest 
American Heart Association guidelines. Of the 291 
patients, 236 patients had systolic blood pressure data 

Table 1.  Study Population Demographics. The Majority of 
Patients were White/Caucasian Female Nonagenarians, and 
More Than Half of the Patients were Classified as Underweight. 
Systolic Blood Pressure was Categorized in Accordance with 
the American Heart Association Blood Pressure Guidelines. 
The Majority of the Study Population had Systolic Blood 
Pressures Consistent with Stage II Hypertension.

Age (years) N (%)

90–99 214 (73.5)
100–109 73 (25.1)
110–119 4 (1.4)
Race
  White/Caucasian 216 (74.2)
  Black/African American 67 (23.0)
  Hispanic/Latino 1 (0.3)
  Unknown 7 (2.4)
Gender
  Male 49 (16.8)
  Female 242 (83.2)
BMI
  <25 75 (56.8)
  25–29.9 46 (34.8)
  30–34.9 9 (6.8)
  >35 2 (1.5)
Cardiovascular profile
  Hypertension status
    Normal 48 (20.3)
    Pre-HTN 34 (14.4)
    Stage 1 HTN 35 (14.8)
    Stage 2 HTN 119 (50.4)
  Pulse pressure ranges
    <50 mmHg 54 (22.8)
    50–70 mmHg 84 (35.4)
    >70 mmHg 99 (41.8)
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available. Approximately 50.4% of patients had systolic 
blood pressures categorized as Stage II HTN, while 
20.3% of patients had systolic blood pressures that were 
considered normal (Figure 1). 77.2% of patients had 
pulse pressures that were ≥50 mmHg with a mean of 
68 ± 23.2 (Figure 2).

When evaluating cardiac function in this sample, we 
assessed ejection fractions, BNP levels, and ECG 
abnormalities. Only 25 patients had echocardiograms, 
out of which 16.0% had ejection fractions between 25% 

and 45%, which qualifies as heart failure with reduced 
ejection fraction (HFrEF), while 84.0% had ejection 
fractions greater than 50% which is categorized as heart 
failure with preserved ejection fraction (HFpEF) 
(Figure 3). BNP values were available in 96 patients 
(Figure 4). The average BNP level in this study 

Figure 1.  Scatterplot of systolic blood pressures 
(SBP) versus age; N = 236. SBP values ranged from 83 to 
229 mmHg. Pearson’s correlation showed no significant 
association between SBP and age.

Figure 2.  Scatterplot of pulse pressures (PP) versus age; 
N = 237. PP values ranged from 21 to 180. The majority 
of patients in the study had elevated pulse pressures with 
values greater than or equal to 50, signifying less arterial 
compliance. Pearson’s correlation showed no significant 
association between PP and age.

Figure 4.  B-type natriuretic peptide values vs. age. BNP 
values ranged from 21 to 4800 pg/mL: (a) scatterplot of 
BNP values 500 pg/mL and above (moderate to severe HF) 
versus age; N = 25 and (b) scatterplot of BNP values below 
500 pg/mL (normal to mild HF) versus age; N = 71. Pearson’s 
correlation showed a significant negative association between 
BNP values under 500 pg/mL and aging, however, there was 
no association seen for BNP values 500 pg/mL and above.

Figure 3.  Scatterplot of ejection fraction versus age. 
Ejection fraction was available in only 25 patient charts for 
this study population. The majority of patients with this 
assessment in their chart had ejection fractions in the normal 
range between 50% and 60%. Pearson’s correlation showed 
no significant association between ejection fraction and age.
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population was 523 ± 830.6 pg/mL. A BNP level ≥300 
was found in 43.8% of this group of patients. For BNP 
levels under 500 pg/mL, there was a significant nega-
tive correlation between BNP level and age (R² = 0.074, 
p < 0.022), while BNP levels 500 pg/mL and higher did 
not show any correlation (R² = 0.018, p > 0.528). Over 
half of these patients were not on a diuretic medication, 
including one patient with a BNP of 4,800 pg/mL and 
an ejection fraction less than 45%. There were 108 
patients that had ECG results available. Arrhythmias 
constituted 61.1% of ECG abnormalities with 50.0% of 
the arrhythmias being atrial fibrillation, 18.5% nodal 
and conduction abnormalities, while pacemakers were 
present in 7.5% (Table 2). 24% of the patients with 
EKG on file had normal sinus rhythm.

When considering common medication regimens for 
heart failure we found that diuretics and anti-hyperten-
sives were the predominant medication categories. 
Amongst diuretics, 27.8% of patients were managed 
with a single loop diuretic, followed by 8.9% that were 
managed solely with thiazide diuretics. While there was 

a small percentage of our study sample on combination 
diuretic therapy, 61.8% of patients were not on any 
diuretic medications (Table 3). Amongst cardiac medi-
cations, 12.0% of patients were treated with only a beta-
blocker (BB) while 9.3% were treated with only an 
angiotensin-converting enzyme inhibitor (ACEi) and 
8.3% were treated with only a dihydropyridine calcium 
channel blocker (dCCB). Combination therapy with a 
BB and ACEi was used in 4.8% of patients. While vari-
ous other medication combinations were also docu-
mented, 46.7% of patients in our sample were not on any 
cardiovascular medications (Table 4).

Review of lipid data revealed that total cholesterol 
and low-density lipoprotein (LDL) were negatively cor-
related with age, respectively (R² = 0.040, p < 0.056; 
R² = 0.057, p < 0.023). Conversely, high-density lipo-
protein (HDL) showed a trend toward positive correla-
tion with age (R² = 0.035, p < 0.077). Total triglycerides 
(TG) did not have any correlation with age (R² = 0.0057, 
p > 0.48; Figure 5).

Discussion

This retrospective study is unique in providing data on car-
diovascular parameters specifically in the nonagenarian 

Table 4.  Common CV Medicine Regimens (N = 291), with 
Single Therapy-BB Being the Predominant Drug of Choice. 
However, Nearly 47% of Patients in Our Population Were 
Not on Any CV Medication.

CV medicine regimens N (%)

ACEi 27 (9.3)
ARB 3 (1.0)
BB 35 (12.0)
BB; Amiodarone 1 (0.3)
BB; ACEi 14 (4.8)
BB; ARB 8 (2.7)
BB; dCCB 6 (2.1)
BB; dCCB; ACEi 7 (2.4)
BB; dCCB; ARB 2 (0.7)
BB; dCCB; NG; ACEi 1 (0.3)
BB; ndCCB 3 (1.0)
BB; ndCCB; ARB 1 (0.3)
BB; NG 1 (0.3)
BB; NG; ACEi 1 (0.3)
dCCB 24 (8.2)
dCCB; ACEi 4 (1.4)
dCCB; ARB 2 (0.7)
Digoxin; ARB 1 (0.3)
ndCCB 9 (3.1)
ndCCB; ACEi 2 (0.7)
ndCCB; ARB 2 (0.7)
NG 1 (0.3)
None 136 (46.7)

Note. ACEi = angiotensin converting enzyme inhibitor; ARB = angiotensin 
receptor blocker; BB = beta-blockers; CV = cardiovascular; 
dCCB = dihydropyridine calcium channel blocker; NG = nitroglycerin; 
ndCCB = non-dihydropyridine calcium channel blocker.

Table 2.  Common ECG Abnormalities (N = 108) Found in 
this Study Population, with the Majority of Abnormalities 
Being Arrhythmias, Especially Atrial Fibrillation.

Cardiac pacing N (%)

  Atrial pacing 2 (1.8)
  Ventricular pacing 5 (4.6)
  AV pacemaker 1 (0.9)
Nodal abnormalities
  AV blocks 13 (12.0)
  LBBB 3 (2.8)
  RBBB 3 (2.8)
  SA nodal dysfunction 1 (0.9)
Arrhythmias
  Atrial fibrillation 54 (50.0)
  Sinus arrhythmias 4 (3.7)
  Sinus bradycardias 7 (6.5)
  Dysrhythmias 1 (0.9)

Note. PAC = premature atrial complexes; PVC = premature 
ventricular complexes; AV = Atrioventricular; LBBB = left bundle 
branch block; RBBB = right bundle branch block; SA = sinoatrial node.

Table 3.  Common Diuretic Medication Regimens (N = 291) 
Used in the Oldest of the Old with Single Therapy with 
Loop Diuretics Being the Predominant Drug of Choice 
Despite Nearly 62% of Patients Not Being on a Diuretic 
Medication.

Diuretic regimens N (%)

Loop 81 (27.8)
Loop; K-sparing 1 (0.3)
Loop; thiazide 2 (0.7)
K-sparing 1 (0.3)
Thiazide 26 (8.9)
None 180 (61.9)

Note. K-sparing = potassium sparing diuretics (i.e., spironolactone).
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and centenarian population from a south-central rural 
state. A number of notable findings in our study included 
documentation of: (1) elevated BNP values indicative of 
some degree of heart failure in the majority of patients; (2) 
a majority of patients were not on any diuretic medica-
tions; (3) presence of high systolic blood pressure and 
pulse pressure in a large percentage of patients; (4) high 
frequency of ECG abnormalities, with atrial fibrillation 
being the predominant arrhythmia.

Hemodynamic Profiles

Our data demonstrates the well-known association 
between hypertension and aging, with approximately 
65% of our study population having systolic blood pres-
sures consistent with Stage I or II hypertension (HTN) 
(Figure 1). Pulse pressure can be considered a surrogate 

measure of aortic stiffness given that vasculature tends 
to lose compliance with age, resulting in an increase in 
systolic blood pressure and thereby increased pulse 
pressure with age (Buford, 2016; Sun, 2015). It is no 
surprise that elevated pulse pressure has also been asso-
ciated with an increased risk of all cause morbidity (i.e., 
heart failure, acute myocardial infarction) and mortality 
(Kostis et  al., 2001). Similar to previous findings, our 
sample population also had 77.2% of patients that had 
pulse pressures greater than or equal to 50, which is 
typically considered the lower threshold for cardiac 
event risk (Figure 2). Our data with high systolic blood 
pressures in nonagenarians and centenarians is at odds 
with the results of the highly cited Systolic Blood 
Pressure Intervention Trial (SPRINT) that showed that 
intensive control of systolic BP goal of less than 120 mm 
Hg versus less than 140 mm Hg reduced cardiovascular 

Figure 5.  (a) Scatterplot of cholesterol levels versus. age; N = 91. Cholesterol levels ranged from 117 to 332 mg/dL. Pearson’s 
correlation showed a slight negative association between cholesterol and age, (b) scatterplot of high-density lipoprotein (HDL) 
versus age; N = 89. HDL levels ranged from 24 to 117 mg/dL and showed a slight positive correlation with age, (c) scatterplot 
of low-density lipoprotein (LDL) versus age; N = 90. LDL levels ranged from 45 to 215 mg/dL. This plot demonstrates a 
significant negative correlation between LDL and age, and (d) Scatterplot of total triglyceride versus age; N = 90. Triglyceride 
levels ranged from 36 to 526 mg/dL. There appeared to be no correlation between total triglyceride and age.
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events and all-cause mortality among nondiabetic older 
adults with high cardiovascular risk (Supiano & 
Williamson, 2017). However, a more recent analysis of 
the SPRINT trial showed that older patients without car-
diovascular or chronic kidney disease did not signifi-
cantly benefit from intensive BP therapy. Hence, the risk 
of intensive BP therapy, including hypotension, dizzi-
ness, syncope, and falls outweighs the benefits of tight 
BP control (Rostomian et  al., 2020). In heart failure 
patients there is a J shaped-curve for all-cause mortality, 
with both upper and lower ends of the blood pressure 
resulting in higher mortality (Schmid et  al., 2017). In 
our study, more than 70% of the patients fell between 
normal to Stage II hypertension, which probably con-
tributed to their reduced morbidity.

While cognitive function was not included in the 
database, it would have been of interest to know. This is 
because our group recently found that those who have 
elevated blood pressure in middle age tended to show a 
decrease in blood pressure in later years that preceded 
their cognitive decline (Wilson et  al., 2020). Our data 
are supported by follow-up study of SPRINT-MIND, 
which associated a statistically significant greater 
decrease in hippocampal volume with intensive blood 
pressure control compared with standard treatment 
(Nasrallah et al., 2021).

Cardiac Function

Cardiovascular disease, most notably heart failure, is 
commonly associated with aging and is a significant 
source of morbidity and mortality (Heron, 2019). B-type 
natriuretic peptide (BNP) has been used as a surrogate 
marker for heart failure severity and to aid in diagnosis of 
acute heart failure exacerbations. The Rugao Longevity 
and Aging Study from China and another study from 
Kyoto University Graduate School of Medicine in Japan 
has recently examined associations between frailty and 
BNP levels, finding that elevated BNP levels are associ-
ated with increased frailty measures including decreased 
gait speed (Nishiguchi et  al., 2016; Yao et  al., 2019). 
Frailty indices, which typically increase with age, have 
been shown to help predict mortality in elderly patients 
as well (Kojima et al., 2018). The patient population in 
our study consisted of nonagenarians and centenarians 
with an average age of 98 ± 3.0 years (Table 1). Our sam-
ple also had average BNP levels of 523 ± 830.6 pg/mL 
with 43.8% of patients in this study having BNP levels 
greater than or equal to 300 pg/mL, which is the lower 
threshold for clinical diagnosis of heart failure (Figure 
4). Based upon both age and BNP, this shows that our 
sample consisted of individuals with increasing clinical 
concern for heart failure and frailty. Koca et al. (2020) 
found that severity of atrial fibrillation, based on symp-
toms, is associated with both frailty and elevated BNP in 
older adults. This is consistent with the findings in our 
study, with half of our patients having a diagnosis of 
atrial fibrillation (Table 2). However, despite having 
nearly half of our sample having elevated BNP levels and 

diagnoses of atrial fibrillation, approximately 61.8% and 
46.7% of patients were not being prescribed diuretic or 
cardiovascular medications (Tables 3 and 4). Elevated 
BNP levels have been associated with non-cardiac condi-
tions such as renal failure or cancer (Di Marca et  al., 
2018). Di Marca et  al. have also shown that BNP has 
prognostic implication in non-heart failure conditions 
with values of >600 pg/ml predicting re-hospitalization 
(OR = 12.28) within 3 months and worse 30 day mortality 
(OR 2.7). For the purpose of this study, we did not evalu-
ate all non-cardiac conditions but it is possible that they 
could have contributed to the high BNP values in some 
of the subjects.

Lipid Profiles

Lipid metabolism and its effects on aging has been 
investigated for many years to evaluate trends in lipid 
profiles and genes that may be upregulated or downreg-
ulated to provide advantages for exceptional longevity. 
Much of this data has come from yeast, nematodes, fruit 
flies and mouse models, which have found varying asso-
ciations between longevity and different lipid metabolic 
profiles (Johnson & Stolzing, 2019). Current research 
on lipid metabolism, biomarkers, and associations with 
aging in humans have produced differing results, espe-
cially with regards to sex. Some studies have showed a 
positive correlation with triglyceride levels increasing 
as people age, in addition to acting as a predictor of 
coronary artery disease in females and the elderly (Xia 
et al., 2017; LaRosa, 1997). Our descriptive data shows 
no substantial correlation between triglycerides and age 
in the oldest of the old (Figure 5d), which contradicts 
this general theme that triglycerides increase with aging. 
This may be attributed to the unique genetic composi-
tion of our sample, considering that this trend was not 
specifically noted in this cohort containing only nonage-
narians and centenarians.

The Framingham study also provided insight into 
lipid metabolism, showing trends and effects of choles-
terol during normal aging. They found that HDL choles-
terol, which typically decreases with age, tends to be 
cardio-protective while LDL cholesterol, which usually 
increases with age, is detrimental (Abbott et al., 1983; 
Morgan et  al., 2016). The data regarding lipids in the 
oldest old remains controversial. Some studies report 
that HDL cholesterol in adults decreases with age in 
both men and women (Wilson et al., 1994). Baggio et al. 
(1998) reported that the mean HDL levels of (both 
female and male) centenarians are 20% lower than those 
of 65-year-old subjects. On the other hand, some inves-
tigators have shown that HDL cholesterol actually 
increases with exceptional longevity (Barzilai et  al., 
2001; Rader et  al., 1993). In addition, a few observa-
tional studies have shown that centenarians tend to have 
a predominance of the larger, more lipid–rich HDL2 
subclass (Arai & Hirose, 2004). Although in our retro-
spective study, we could not define the HDL subtype, 
we showed a favorable lipid profile in our subjects with 
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a tendency towards higher HDL and lower total choles-
terol and LDL levels, similar to Barzilai et al. There is 
also a paradox with TG levels in the oldest old. A large 
prospective study of elderly individuals with a mean age 
of 94 showed that a higher concentration of TGs were 
associated with a lower risk of cognitive decline and 
function, less frailty and reduced mortality (Lv et  al., 
2019). TG are used as alternative sources of energy and 
it is possible that the lower level of TG in our study pop-
ulation is reflective of that, especially since a significant 
number of elderly were underweight. Lower LDL and 
total cholesterol in our data might also be indicative of 
poorer nutritional intake of patients with heart failure.

However, there needs to be more investigation into 
how genetics factor into lipid metabolism differences 
with aging, alongside factors like nutritional intake and 
other co-morbid conditions.

Study Limitations and Strengths

Among the several limitations of this study, the prevail-
ing limitation is the retrospective and descriptive nature 
of this study. As with retrospective studies, our data was 
limited by the incomplete or irregular recording of data 
points of interest in this study, resulting in varying sam-
ple sizes for each calculation performed. Additionally, 
the descriptive nature of the study simply provides 
information on the trend of health parameters in nonage-
narians and centenarians in a rural state, both of which 
may limit the generalizability of the findings in the 
study. However, a strength of our study is that our data 
was pulled from patients in our geriatric clinic, which is 
one of the largest outpatient clinics in the country. 
Additionally, given that there is currently limited infor-
mation regarding nonagenarians and centenarians, this 
study contributes to the continued study of those with 
exceptional longevity and further aids in discovering 
common trends that occur in this unique population.

Conclusion

Amongst diseases associated with aging, HF continues to 
be costly in regard to healthcare spending and in overall 
patient morbidity and mortality. However, nonagenarians 
and centenarians are a unique population to study given 
their exceptional longevity and ability to withstand typ-
ically detrimental health comorbidities as they age, 
including HF. Here we investigated the profile of HF and 
associated co-morbidities seen amongst the oldest of the 
old in rural Arkansas, a state that commonly ranks 
towards the top in the nation for heart disease related 
deaths. In future studies we hope to identify factors that 
contribute to the exceptional longevity in rural elderly 
residing in the south-central part of the United States.
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