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Abstract

Background: Metabolic syndrome is an important predictor of morbidity and mortality, the prevalence of which
increases with age. Our report is part of the South-Central Study on Aging and defines the pattern of metabolic
derangements observed in nonagenarians and centenarians living in Arkansas.

Methods: A retrospective study was undertaken of subject’s ≥ 95 years of age who had been patients at
Reynold's Institute of Aging at University of Arkansas during the period of January 1, 2011 until June 13, 2013.

Results: Mean age of our patients was 97.5 ± 2.9 years (range=95-112 yrs). Among parameters of metabolic
syndrome, our patients had mean systolic blood pressures of 141.1 ± 24 mmHg and diastolic pressure of 72.5 ± 12
mmHg (n=109), with stage 1 or 2 hypertension present in 52/109 (47.7%). Most patients had normal triglycerides
(TG) levels, mean=120.6 ± 79.8mg/dL (range=36-526 mg/dL) and only 12/53 (22.6%) patients had high TG>150
mg/dL. Mean high-density (HDL) cholesterol (n=52) was 54.0 ± 16 mg/dL (range=24-117 mg/dL). Mean low-density
(LDL) levels (n=53) were 122.4 ± 39 mg/dL. More than half (29/53) had LDL levels<130 mg/dL and 24/53 (45.3%)
had LDL of ≥130 mg/dL. Mean glycosylated hemoglobin (HbA1C; n=25) was 6.55 ± 1.1% (range=5.30-10.6%).
Mean vitamin-D level (n=41) was 31.8 ± 12 ng/ml (range=8-59 ng/ml), and low vitamin-D levels (10-20 ng/ml) were
noted in 4/41 (9.7%) with severe deficiency (<10 ng/ml) in 3/41 (7.3%) patients. Similarly, abnormal thyroid
stimulating hormone levels (TSH; n=57) were seen in only 4/57 (7.0%) patients.

Conclusions: The majority of nonagenarian and centenarians in Arkansas were found to have a generally good
metabolic profile, which could be a plausible explanation for the longevity of this aging cohort. However, various
genetic, nutritional and epigenetic factors might have also contributed to the metabolic health of these individuals
and will require further investigation.

Keywords: Metabolic health; Diabetes; Metabolic syndrome;
Longevity; Dyslipidemia

Introduction
Metabolic health is an important predictor of morbidity and

mortality. In 1988, Reaven et al. noted clustering of several
cardiovascular risk factors (viz, dyslipidemia, hypertension, and
hyperglycemia) and named it “Syndrome X” [1]. Progressively, other
nomenclature like “insulin resistance syndrome” and “metabolic
syndrome” gained favor to describe the grouping of these metabolic
risk factors. The definition of metabolic syndrome per US National
Cholesterol Education Program (NCEP) Adult Treatment Panel III
includes 5 parameters, with at least 3 out of 5 required for the
classification of metabolic syndrome [2]. The 5 parameters include: (i)
abdominal obesity, defined as a waist circumference of >40 inches in
men and 35 inches in females, atherogenic dyslipidemia, measured by
(ii) elevated triglycerides (TG) of ≥ 150 mg/dl and (iii) low high
density lipoprotein cholesterol (HDL)<40 mg/dL in men and <50
mg/dL in women, (iv) elevated blood pressure ≥ 130/85 mmHg, and

(v) insulin resistance ± glucose intolerance, measured by a fasting
glucose of ≥ 100 mg/dl. Individuals with metabolic syndrome are at
increased risk for cardiovascular disease [3]. Besides cardiovascular
diseases, patients with metabolic syndrome are more likely to have
other health problems like diabetes, osteoporosis, frailty and a poor
functional status. The Framingham cohort looked at the risk of new-
onset diabetes in both men and women, and determined metabolic
syndrome to be a significant risk factor for predicting new-onset
diabetes. The prevalence of metabolic syndrome also increases with
age from 6.7% in the age group between 20-29 years to 43.5% in the
age group between 60-69 years [4,5]. However, in the very old
metabolic syndrome has not been well studied, although
cardiovascular diseases that cause early mortality appear to have a
delayed onset in centenarians [4-7].

Interestingly, metabolic syndrome can be present in normal weight
individuals because obesity is only one of the criteria constituting the
metabolic disorder. A cross sectional survey by St-Onge et al. in 7,602
adults who participated in the Third National Health and Nutrition
Examination Survey noted that although metabolic syndrome
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increased with body mass index (BMI), adults with a low BMI of
18.5-20.9 had a prevalence of metabolic syndrome between 0.9-3.0%
[8]. Individuals in the upper normal weight range or those who were
slightly overweight were found to have a relatively increased risk for
metabolic syndrome. This concept of metabolically obese, normal-
weight individuals was developed over 20 years ago [9,10].

Arkansas lies in the heart attack belt of the nation and the mortality
from heart diseases is higher than the national average (228 vs. 211 per
100,000), making it the fifth highest in the country [11]. Arkansas is
also above the national average in obesity, smoking, lower level of
physical activity, diabetes, and high blood pressure. Our present report
is part of the South-Central Study on Aging and defines the metabolic
profile of the very old living in this region.

Methods
This study was conducted at Reynold’s Institute of Aging at

University of Arkansas for Medical Sciences (UAMS), Little Rock,
Arkansas after obtaining approval from the Institutional Review Board
(IRB). A retrospective chart review was conducted on all subjects ≥ 95
years of age who were seen at UAMS during the period of January 1,
2011 until June 13, 2013. Patients who were deceased, moved out of
the state and had either no anthropometric/laboratory workup done at
UAMS or had no such data from outside hospitals available for review,
were excluded. After this selection, electronic medical records of 121
individuals were selected, and pertinent metabolic data were collected
from the UAMS/Reynolds Institute of Aging data warehouse.

Data included age, gender, race, height, weight, body mass index
(BMI), blood pressure (BP) including systolic (SBP) and diastolic
(DBP), triglycerides (TG), low-density lipoprotein (LDL) cholesterol,
high-density lipoprotein (HDL) cholesterol, glycosylated hemoglobin
(HbA1c), random blood glucose, vitamin-D and thyroid stimulating
hormone (TSH) levels. The protected health information (PHI) was
handled according in a non-identifiable manner, and stored on
password-protected departmental computers. The analyses were
performed using SAS software (version 9.3, SAS Institute Inc., Cary,
NC). Continuous variables are presented as means ± standard
deviations which were calculated using the SAS procedure PROC
MEANS, whereas categorical variables were calculated using the SAS
procedure PROC FREQ. Due to the lack of normality in the
distributions of age and BMI, the non-parametric Spearman rho was
calculated to estimate correlation among age and BMI with other
variables of interest using the SAS procedure PROC CORR including
the Spearman option.

Results
General demographics: The demographic profile of the 121

Arkansans is presented in Table 1: 100 females (82.64%), 21 males
(17.36%), with 86 (71.07%) Caucasians, 34 (28.10%) African-
Americans and 1 Hispanic (0.83%) patients. The mean age was 97.5 ±
2.98 years (range=95-112 years).

Our analysis revealed that only 7 (5.7%) patients fulfilled the
diagnosis of metabolic syndrome, with presence of at least 3 criteria as
defined by NCEP-ATP III guidelines. Of these 7 patients with
metabolic syndrome, 1 patient was obese, 2 were overweight and 3 had
normal weight metabolic syndrome. One patient did not have height/
weight documented, but otherwise qualified as having metabolic
syndrome based on other parameters. Of the remaining patients who
did not fulfill the definition of metabolic syndrome, 23/121(19%) had

presence of 2 criteria and 64/121(52.8%) had only one criterion
present. Interestingly, 27/121 (22.3%) patients did not meet any
criteria for metabolic syndrome, but this could likely be due to missing
information.

No. %

Age

Under 99

99 or older

89 73.55

32 26.45

Race

White

African American

Hispanic/Latino

86 71.07

34 28.1

1 0.83

Gender

Male

Female

21 17.36

100 82.64

Table 1: Demographics (n=121).

Individual parameters of metabolic syndrome: Data on blood
pressure were available in 109/121 patients. The mean systolic blood
pressures were 141.08 ± 24.22 mmHg and diastolic pressure were
72.54 ± 12.02 mmHg. When analyzed according to the Joint National
Committee VII (JNC VII) definitions, stage 1 or 2 hypertension was
present in 52/109 (47.7%). There was a wide range in blood pressures,
with the range of systolic and diastolic being 139 mmHg and 80
mmHg, respectively, and with 2 patients having systolic blood
pressures over 200 mmHg. The pulse pressures tended to be high with
more than 60% of the patients with pulse pressures over 50 mmHg.

Figure 1a: Scatter plot of age with total cholesterol.

Data on lipids, including total cholesterol, TG, LDL and HDL were
available in a subset of patients. Approximately 20% of patients had
total cholesterol over 240 mg/dL and 45% of the patients had an LDL
over 130 mg/dL (Figs. 1a and 1b). It was observed that most patients
(n=53) had normal TG levels, with mean being 120.57 ± 79.78 mg/dL
(range=36-526 mg/dL) and only 12/53 (22.6%) patients had high
TG>150 mg/dL. Total cholesterol and LDL showed a tendency
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towards a slight decrease with increasing age (Figure 1a and 1b). A
borderline significant inverse correlation was detected between age
and triglycerides where triglyceride levels decrease as age increases:
rho=-0.26 with a p-value of 0.0567 (Figure 1c).

Figure 1b: Scatter plot of age with low density lipoprotein (LDL).

Figure 1c: Scatter plot of age with triglycerides (TRI).

HDL cholesterol (n=52) was within the recommended range in
45/52 patients (86.5%), with a mean of 54.04 ± 16.26 mg/dL
(range=24-117 mg/dL). Approximately 17% of patients had HDL less
than 40 mg/dL and 31% had HDL more than 60 mg/dL.

Glycosylated hemoglobin (HbA1C), which is a measure of 3-month
glycemic index, was available in 25 patients, and the mean value was
6.55 ± 1.12% (range=5.3-10.6%). Notably, A1C levels of ≥ 5.7% were
counted as deranged glucose, as proposed by American Diabetes
Association (ADA), however, it should emphasized that the HbA1C
range for geriatric patients is higher than that employed for younger
adults. Forty percent of the patients in our study had HbA1C values
over 6.5% and 3 patients had values over 8.0%. In general, HbA1C
appeared to increase with decreasing BMI, but the correlation between
HbA1C and BMI was not statistically significant (rho=0.19, p=0.4022).

As the fifth parameter of metabolic syndrome, waist circumference
is suggested by NCEP, which unfortunately was not documented for
any of our patients. However, World Health Organization (WHO) and
International Diabetes Federation (IDF) guidelines suggest that if body

mass index (BMI) is >30 kg/m², central obesity can be assumed and
waist circumference does not need to be measured. In our cohort, 37
patients (37/121=30.5%) had no documented weights or heights to
calculate BMI. Of the remaining 84 patients who had documented
heights and weights, 47/84 (56.0%) patients had normal BMI
(18.5-25), 29/84 (34.5%) patients were overweight (BMI 25-30) and
6/84 (7.1%) patients were obese (with BMI greater than 30). Only 2
patients had a BMI below the normal range (18.15 and 16.5). In this
small cohort, BMI and total cholesterol were not significantly
correlated (rho=0.06, p=0.6810), and BMI and diastolic blood
pressures were also not significantly correlated (rho=0.11, p=0.3389).
However, at the alpha level of 0.1, a significant positive correlation
existed between BMI and systolic blood pressures (rho=0.19,
p=0.0819-Figure 2).

Figure 2: Scatter plot of body mass index (BMI) with systolic blood
pressure (SBP).

Additional health parameters recorded: Mean vitamin-D level
(n=41) was 31.78 ± 12.45 ng/mL (range=8-59 ng/mL). Low vitamin D
levels (between 10-20 ng/ml) were noted in 4/41 (9.76%) and severe
deficiency (level<10 ng/ml) in only 3/41 (7.3%) patients. The data
suggest a significant inverse correlation between Vitamin D and age
with Vitamin D levels decreasing as age increases: rho=-0.3, p=0.0264
(Figure 3).

Figure 3: Scatter plot of age with Vitamin D.
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Mean TSH (n=57) was 2.16 ± 1.55 mIU/L, and 93% of the patients
had normal thyroid function with abnormal levels noted in only 4/57
patients.

Discussion
Contrary to our initial expectation, the majority of nonagenarian

and centenarians in Central Arkansas (part of South Central US) were
found to have normal blood pressure, lipid profile and HbA1C, which
does not mirror the overall metabolic profile of the general population
of this region. Thyroid function and Vitamin D levels were also within
the normal range in a high percentage of patients.

It has been postulated that among centenarians who have survived
longer, a significant component of this may be familial [12,13].
Altmann-Schneider et al. evaluated the brain tissue integrity among
185 offspring of centenarians and found that they have a decreased
risk for developing age related conditions such as loss of white matter
from the corpus callosum (genu and body), independent of metabolic
risk factors [13]. It may well be that the prevalence and implications of
metabolic risk factors would be different in this population compared
with younger seniors.

A number of studies have looked at the metabolic risk factors in
offspring of centenarians. A study done by Ostan et al. looked at 265
offspring of centenarians and compared them to 101 offspring of non-
long-lived parents, and found that although prevalence rates of
metabolic syndrome were similar in the offspring of centenarians and
the controls, centenarians’ offspring with metabolic syndrome seemed
healthier, more functionally fit, and had lower resistin levels [14]. One
theory proposed by this study pointed to changes in the cytokine
network that leads to a chronic inflammatory status with aging with
dysregulation of metabolism [14]. They also found that the offspring
of centenarians were on fewer medications including cardiovascular,
lipid-lowering, and antihypertensive therapiesand had a lower
prevalence of abdominal obesity as compared to controls. In our study,
we also found that the majority of our subjects had a normal BMI, and
there is no significant correlation between age and BMI (rho=-0.09,
p=0.4143). It has also been shown in other studies that over the age of
65, the association between BMI and the risk of coronary heart disease
are much weaker [15,16]. Interestingly, the American Heart
Association (AHA) recommends intentional weight loss for subjects
with heart failure only if the BMI is over 40 [17]. In addition, AHA
recommends weight loss for adults with BMI over 35 only if they have
2 additional cardiovascular risk factors, such as hypertension or
diabetes [17]. Our data suggest that a higher BMI did not appear to be
incompatible with longevity, although more studies will need to be
done to determine if it confers any protection in very old age, similar
to that observed in congestive heart failure patients with obesity [18].
A number of reasons have been cited for the obesity paradox,
including the potentially greater muscle mass and strength, a better
metabolic reserve capacity and protection against cachexia. It is
possible that the BMI ranges used for adults cannot be applied to
nonagenarians and centenarians. Another study performed by Rozing
et al. reported that the offspring of long-lived parents have a lower
prevalence of metabolic syndrome than their partners despite having a
comparable body composition [19,20]. Moreover, a study by Galioto et
al. postulated that centenarians and their offspring may avoid bad
habits such as smoking and/or alcohol use and that this lifestyle
difference may partially contribute to their good health [19-21].

We also reviewed a number of other criteria of the metabolic
syndrome such as hypertension, dyslipidemia and diabetes mellitus.
Both systolic and diastolic blood pressures were variable in our
patients, with a few outliers having systolic blood pressures over 200
mmHg. The current guidelines from the Eight Joint National
Committee (JNC8) recommend treatment of blood pressures in
individuals over the age of 60 to keep pressures under 150/90 mmHg
[22]. A study of centenarians in Poland concluded that slightly higher
blood pressures in the very old might be beneficial for their health
[23]. We do not have data on the management of hypertension for
these individuals over a few years preceding these measurements so it
is difficult to determine if the very high systolic blood pressures were
sporadic acute events. Nevertheless, it is interesting to note that the
patients even survived with systolic blood pressures over 180 mmHg
in this age group. The majority of individuals had a pulse pressure
over 50 mmHg, and some considerably higher. Both high and low
pulse pressures are associated with increased morbidity and mortality
in adults with normal blood pressure or hypertension; however, our
data suggest that in the very old, the same risks might not be applicable
and the decision to treat will need to be individualized [24,25].
Diabetes mellitus tends to show an age-related increase even in
centenarians. In the prospective Georgia centenarian study, the
prevalence of diabetes mellitus defined as HbA1C value more than 6.5
% was 12.5% [26]. In our data HbA1C was available for a small
number of subjects, but 40% had values more than 6.5 %. The
difference in prevalence could also be secondary to diet or treatment
effects that we have not analyzed in this study.

Vitamin D levels generally exhibit an age-associated reduction due
to a number of factors including poor nutrition and a lower intake of
calcium and vitamin D containing food. In addition, reduced exposure
to sunlight and renal impairment reduces the conversion of 25-
hydroxyvitamin D (25-OH vitamin D) to the active form (1,25-
dihydroxyvitamin D). The intestinal receptors also diminish with age,
further reducing the absorption of vitamin D in the elderly [27]. In our
study, in the subset in whom vitamin D had been measured, more than
half had levels over 31 ng/ml; however, within these elderly subjects,
Vitamin D and BMI are not significantly correlated (rho=-0.11,
p=0.5004). Nevertheless, considering that Vitamin D is stored in fat, it
is more likely for it to be normal in subjects with higher BMI values.
Thyroid function has also been investigated in several studies in the
very old [28-30]. The study by Atzmon et al suggested that TSH levels
increase with extreme longevity with an inverse correlation with free
thyroxin (FT4) levels, which might have a beneficial role in longevity
[29]. Another study on centenarians conducted in Denmark
demonstrated no significant difference in thyroid dysfunction in
centenarians versus young or older adults [30]. Our data were more in
accord with the Danish study with normal TSH levels in over 90% of
patients in whom it was recorded.

To our knowledge, this is the first report from South Central United
States, highlighting the overall metabolic profile of nonagenarians and
centenarians. While studies showing trends of overall health and
general medical conditions in Arkansas residents reflect a high
prevalence of cardiovascular disease, diabetes, and obesity, our study
suggests a different prevalence of these conditions in people who have
lived longer. This leads us to propose that a healthy metabolic profile
could be a plausible explanation for the longevity of this population
subset. Our study had a few limitations, chiefly missing data, which
could have led to underestimation of the overall prevalence of
metabolic syndrome. The missing data together with a few outliers
combined to reduce the statistical inference that could be drawn from

Citation: Azhar G, Abraham RR, Girotra M, Wei JY, Foster SR, et al. (2015) A Study of Metabolic Health in Very Old Individuals Residing in
Central Arkansas. Aging Sci 3: 136. doi:10.4172/2329-8847.1000136

Page 4 of 5

Aging Sci
ISSN:2329-8847 Aging Sci , an open access journal

Volume 3 • Issue 2 • 1000136



the results. However, this is not unusual in retrospective studies of the
elderly and in spite of these potential shortcomings, our study is novel
in bringing forth the metabolic profile of people living in the Mid-
South, specifically of Central Arkansas, who likely have done
“something right”, perhaps including having the ideal genetic profile
or “right parents”, to have made it well into the nonagenarian and
centenarian age group (over age 94 years).

Conclusion
In this study from Arkansas, we have highlighted that

nonagenarians and centenarians, despite variable blood pressures,
have overall normal lipid profiles, HbA1C, Vitamin D and TSH levels.
Their metabolic health does not mirror the overall metabolic profile of
the general population in this region. We propose that this healthy
metabolic profile could be a plausible explanation for their overall
health, although other contributing factors, such as dietary, socio-
economic, life-style and genetic influence may also have played a role
in their longevity. An investigation of these factors will be of interest in
future studies of exceptional aging.
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