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Abstract: Background: The relationship between functional and nutritional status in the geriatric
population remains an issue of debate and there is a gap in the knowledge regarding this field in
long-lived individuals. Aim: The main aim of this study was to assess the association between
selected blood parameters of nutritional status and functional status in extreme longevity. Meth-
ods: The inclusion criteria were centenarians above 100 years of age who were examined at their
homes, and blood samples were collected. The study group consisted of 170 individuals (25 men and
145 women, median age 100.75 years [100.29-101.58]). Results: Total protein and albumin serum
concentration was significantly lower in long-lived individuals with severe functional decline com-
pared to individuals with preserved functional status, p = 0.000001 and p = 0.0000, respectively. Iron
serum level was significantly higher in the group with preserved functional status, p = 0.04. Pre-
served functional status was positively correlated with total protein serum concentration (p = 0.000),
albumin concentration (p = 0.000), and iron serum level (p = 0.029). A negative correlation was stated
between c-reactive protein (CRP) and functional status (p = 0.032). Univariable logistic regression
analysis showed that the functional status of long-lived individuals depends on total protein (OR 2.89,
CI 95% [1.67-5.0]) and albumin concentrations (OR 2.34, CI 95% [1.39-3.92]). Multivariable backward
stepwise logistic regression analysis showed that a total protein concentration was the only variable
independently related to the preserved functional status (OR 3.2, 95% Cl [1.8-5.67]). Conclusions: In
long-lived individuals, the total serum protein and albumin levels are lower in centenarians with
severe functional decline, and they correlate with functional status. Total protein serum concentration
is the only factor independently related to the preserved functional status in extreme longevity.

Keywords: longevity; longlived; nutrition components; proteins; nutritional status; health status;
mobility; geriatric syndrome; malnutrition

1. Introduction

Life expectancy has nearly doubled over the last century and the number of long-lived
persons has risen steadily and significantly all over the world [1]. Meanwhile, it is still
an issue of debate whether old age is only a continuation of lifespan or rather a distinct
stage. Moreover, with extreme old age, the health status perception seems to change, and
mobility, ability, and self-sufficiency become the key values from the health perspective [2].
An extended lifespan is the main risk factor not only for developing diseases with high
prevalence (such as cardiovascular diseases, cancer, or diabetes mellitus) but also is often
characterized by specific geriatric symptoms like loss of mobility or malnutrition [3,4].
Physiological reduction in appetite contributes to food intake reduction. Researchers high-
lighted that persons over 80 years consume about 30% less energy per day in comparison
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to younger adults [5]. Inappropriate nutrition status contributes strongly to increased
morbidity, functional decline, sarcopenic loss of independence, and mortality [6]. In the
oldest old geriatric population, a vicious cycle of protein energy waiting, progressive frailty,
and loss of physical performance accompanied by vitamin and micronutrient deficiencies
become a challenge for the health care systems all over the world [7,8]. A strong statisti-
cally significant association was found between nutritional status and frailty syndrome.
Individuals with malnutrition had a significantly higher risk of functional decline assessed
by daily living activities, twice for instrumental activities of daily living (IADL) and three
times for activities of daily living (ADL) compared to those without malnutrition [9].

The data from the literature highlight that most of the centenarians were independent
in their daily living activities into their 90s. Despite the medical and socioeconomic het-
erogeneity in centenarians (including physical status, cognitive function, socioeconomic
status, and cultural or historical background) they were described by Franceschi et al. as
a model of successful aging three decades ago [10,11]. Concomitantly, high nutritional
risk was associated with functional status decline and with predictors of negative clinical
outcomes [12]. Analysis of blood biochemistry and routine examinations of the quantitative
and morphological changes in blood cells provide not only the biological characteristics es-
timating the function of organs but also constitute blood-based biomarkers of aging [13-15].
Observational studies conducted with community-dwelling individuals, and institution-
alized patients (including hospitals and long-term care institutions) highlighted a strong
inverse correlation between the serum protein concentration and the risk of subsequent
multimorbidity and mortality [16]. These findings suggest that albumin serum concentra-
tion could become a crucial prognostic indicator that can be applied in population-based
studies. However, there is still a gap in the knowledge concerning a wide range of nutrient
deficiencies and their relationship with functional status in longevity.

The main aim of the study was to assess the association between selected blood
parameters of nutritional status and functional status in extreme longevity.

2. Patients and Methods

This study utilized a multidisciplinary program of successful aging including all in-
dividuals over 100 years of age in Poland reported to the Universal Electronic System for
Registration of the Population (PESEL number) database. We analyzed centenarians with
enough collected blood samples to perform blood tests. The only exclusion criterion was
lack of informed consent. The Bioethics Committee of the Central Clinical Hospital of the
Ministry of the Interior and Administration in Warsaw approved the study and the cente-
narians’ multidisciplinary program (PBZ-KBN-022/P0O5/1999 Genetic and environmental
factors of longevity), or their relatives gave written informed consent for participation in
the study.

After they were identified by the PESEL number, the centenarians were contacted
by mail and invited to participate in the centenarians’ study. All long-lived persons were
visited at their homes and blood samples were collected. The examinations of the centenar-
ians were conducted throughout the year. The study group consisted of 170 individuals
(25 men and 145 women, median age of 100.75 years). The methods included taking a
medical history (interviews with individuals and/or the family), physical examination
including height and body mass measurements, and collecting a blood sample. A medical
and sociodemographic survey form was tested during the preliminary stage of the centenar-
ians’ project. The questionnaire contained general sociodemographic information, lifestyle
indicators, and detailed medical history that included questions concerning gender, date,
place of birth, place of residence, and activities of daily living. Laboratory tests included
serum levels of creatinine, glucose, total protein, albumin, c-reactive protein (CRP), calcium,
magnesium, sodium, potassium, folic acid, cobalamin (vitamin B12), iron, ferritin, total
cholesterol, and blood cell count. Blood samples were analyzed using standard biochemical
and morphological tests, and routine biochemistry automated analyzers and automated
cell counters were used, respectively. For everyone, the functional status was estimated. We
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assessed functional status by classifying every patient into one of the five lifestyle groups
according to their main daily living activities: laying, laying sitting, sitting, sitting walking,
or walking. Then we divided centenarians into two groups: the first with severe functional
decline consisted of laying and laying-sitting individuals (SFD group, 58 individuals) and
the second group with preserved functional status consisted of sitting, siting-walking, or
walking individuals (PFS group 112 individuals).

3. Statistical Analysis

Continuous variables are presented as medians (interquartile ranges [IQRs]), while
categorical values are presented as percentages with 95% confidence intervals (CI) when
appropriate. The Shapiro-Wilk test was used to assess the normality. To compare variables
without normal distribution, we used the Mann-Whitney U test or the Kruskal-Wallis
test, as appropriate. Univariable logistic analysis was performed to identify factors as-
sociated with functional status. Factors with a statistical significance of p < 0.1 in uni-
variable analysis were included in a multivariate logistic regression analysis to identify
predictors of preserved functional status. A p-value of less than 0.05 was considered statis-
tically significant. Statistical analyses were performed using the statistical suite StatSoft.
Inc. (Tulsa, OK, USA, 2017), STATISTICA (data analysis software system) version 13.0.
www.statsoft.com (accessed on 28 March 2024).

4. Results

Baseline characteristics of study participants are presented in Table 1. The female/male
coefficient in centenarians was 5.6, and the majority (over 70%) of examined individuals
lived in cities. The median body mass index (BMI) was less than 23 kg/ m?, and over the
last 50 years of life, the median weight loss was 12.24 kg and the median height loss was
13.5 cm.

Table 1. Baseline characteristics of study participants.

Variable Median [1st-3rd Quartile] or Number (%)
Sex
Males 25 (15%)
Females 145 (85%)
Age, years, 100.75 [100.29-101.58]
Place of living, %
City/town/village 70.7/12.9/16.4
Body mass, kg 50.56 [42.5-56.4]
Height, cm 149 [140.0-150.0]
Body mass index BMI, kg/ m? 22.71 [20.42-26.62]
Body mass at the age of 50 years, kg 62.8 [56.5-64.0]
Height at the age of 50 years, cm 162.5 [155.4-163.0]

Less than a half of the participants—69 individuals (40.5%) took any vitamin or
electrolyte supplements, 37 (22%) took multivitamin supplements, 10 (6%) took vitamin B
supplements, 22 (13%) took other supplements (including vitamin C and E preparations
and multicomponent preparations containing electrolytes). All supplemented preparations
contained low or very low doses of vitamins, and oral nutritional supplements were not
used permanently by any of the participants.

A comparison of the characteristics of laboratory parameters (median, first, and
third quartile) in women and men is presented in Table 2. Significant differences were
found between women and men in total protein concentration p = 0.0456, ferritin serum
concentration p = 0.0070, and creatinine p = 0.0000.
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Table 2. Characteristics of laboratory parameters in women and men.

Laboratory Parameters

Women

Men

p Value

(Units) Median [1st-3rd Quartile] Median [1st-3rd Quartile]
Vitamin B12 (pg/mL) 263.0 [208.0-352.0] 268.0 [215.0-334.0] 0.9060
Folic acid (ng/mL) 9.61 [5.2-16.25] 11.3 [7.17-20.00] 0.2236
Total protein (g/dL) 6.84 [6.38-7.32] 7.17 [6.65-7.5] 0.0456
Albumin (g/dL) 3.78 [3.46-3.08] 4.08 [3.69-4.25] 0.0939
Glucose (mg/dL) 84.5 [75.0-94.0] 82.0 [72.0-89.0] 0.2485
Cholesterol (mg/dL) 195.0 [168.0-228.0] 176.0 [147.0-216.0] 0.0732
Sodium (mmol/L) 142.0 [140.0-145.0] 143.0 [141.00-145.0] 0.3488
Potassium (mmol/L) 4.31 [4.0-4.78] 4.48 [3.75-4.7] 0.7900
Magnesium (mg/dL) 1.88 [1.73-2.15] 2.01[1.84-2.23] 0.1713
Calcium (mg/dL) 8.88 [8.33-9.36] 8.89 [8.37-9.24] 0.8646
Tron (ug/dL) 67.0 [48.0-85.0] 73.0 [53.5-104.5] 0.1982
Ferritin ((ug/L) 83.31 [39.82-153.35] 158.28 [75.0-313.22] 0.0070
Creatinine (mg/dL) 0.93 [0.77-1.1] 1.2[1.1-1.38] 0.0000
Aspartate aminotransferase (U/I) 18.0 [16.0-22.0] 20.0 [17.0-22.0] 0.1640
C-reactive protein (mg/dL) 5.43 [2.32-12.7] 7.37 [3.4-19.14] 0.2120
White blood cells (103 /uL) 5.73 [4.8-6.36] 5.95 [5.02-6.72] 0.3010
Lymphocytes (10°/L) 1.70 [1.28-2.12] 1.84 [1.19-2.01] 0.8977
Red blood cells (mln/pL) 4.07 [3.68-4.36] 4.13 [3.7-4.36] 0.6172
Hemoglobin (g/dL) 12.4 [11.3-13.3] 12.3 [11.4-13.5] 0.7330

The median values of laboratory parameters and the comparison in groups with
different functional statuses are presented in Table 3. Total protein and albumin serum
concentration was slightly below the recommended levels in long-lived individuals with
severe functional decline and was in the normal range in individuals with preserved
functional status. Significant differences were found between groups in total protein and
albumin concentration, p = 0.000001 and p = 0.000, respectively. Iron levels were in the
normal range in both groups with significantly higher levels in groups with preserved
functional status, p = 0.044.

The median concentration of vitamin B12 was in the normal range, with low values
in the 1st and 3rd quartile, without significant differences between SFD and PFS groups,
p = 0.4206. The median concentration of folic acid was higher in groups with preserved
functional status without statistical significance between groups, p = 0.1181. In all study
groups, the main biochemical markers of liver and kidney function were stable, with-
out significant differences between the severe functional decline group, and the group
with preserved functional status, for aspartate aminotransferase p = 0.8704 and creatinine
p = 0.4406, respectively. Statistically significant differences were not stated between groups
when comparing electrolytes (sodium and potassium serum concentration was in the upper
normal limit in both groups), blood morphotic parameters, inflammatory biochemical
markers, glucose levels, and cholesterol concentrations. Glucose and cholesterol serum
concentrations were in the normal range in both groups with slightly lower values of
cholesterol in the SFD group, without statistical significance, p = 0.0917. A total cholesterol
concentration below 150 mg/dL was found in 23 individuals in the study group (60% of
them were centenarians with preserved functional status).

Significant correlations were found between total protein, albumin serum concentra-
tion, vitamins, cholesterol, iron, and hemoglobin. Preserved functional status was positively
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correlated with total protein serum concentration, albumin concentration, and iron serum
level. A negative correlation was stated between c-reactive protein and functional status,
Table 4.

Table 3. The median laboratory parameters values in the centenarians with severe functional decline
(SFD group) and preserved functional status (PFS group).

Laboratory Parameters

Severe Functional Decline Preserved Functional Status

(Units) Median [1st-3rd Quartile] Median [1st-3rd Quartile] p Value
Vitamin B12 (pg/mL) 287.0 [187.0-352.0] 258.5 [213.5-346.0] 0.4206
Folic acid (ng/mL) 7.92 [4.0-14.89] 10.39 [5.75-16.79] 0.1181
Total protein (g/dL) 6.49 [6.05-6.96] 7.05 [6.69-7.46] 0.000001
Albumin (g/dL) 3.49 [3.15-3.80] 3.94 [3.67-4.30] 0.0000
Glucose (mg/dL) 84.0 [78.0-93.0] 86.0 [74.00-95.00] 0.8762
Cholesterol (mg/dL) 181.0 [159.0-216.0] 200.5 [168.50-233.5] 0.0917
Sodium (mmol/L) 143.0 [139.0-145.0] 143.0 [141.00-145.0] 0.3632
Potassium (mmol/L) 4.41[4.0-4.8] 4.3 [3.96-4.69] 0.3919
Magnesium (mg/dL) 1.85 [1.70-2.18] 1.96 [1.75-2.15] 0.6754
Calcium (mg/dL) 8.85 [8.06-9.18] 8.89 [8.51-9.38] 0.0923
Tron (ug/dL) 59.5 [38.0-82.0] 70.0 [55.0-87.0] 0.0444
Ferritin (ug/L) 100.67 [56.79-183.1] 83.65 [44.84-175.27] 0.6371
Creatinine (mg/dL) 0.97 [0.75-1.17] 0.96 [0.86-1.19] 0.4406
Aspartate aminotransferase (U/I) 18.0 [16.0-25.0] 19.0 [16.0-22.0] 0.8704
C-reactive protein, (mg/dL) 5.24 [2.80-23.51] 5.70[2.31-10.16] 0.5247
White blood cells (103 /uL) 5.42 [4.76-6.5] 5.84 [4.84-6.39] 0.6522
Lymphocytes (10%/L) 1.70 [1.25-2.07] 1.70 [1.37-2.13] 0.5849
Red blood cells (mln/pL) 4.11 [3.54-4.34] 4.06 [3.69-4.39] 0.7120
Hemoglobin (g/dL) 12.4 [12.0-13.3] 12.4[11.4-13.3] 0.9231
Univariable logistic regression analysis of nutritional status blood parameters showed
that functional status of long-lived individuals (laying, laying sitting, sitting, sitting walk-
ing, or walking) is related to total protein concentration (OR 2.89, CI 95% [1.67-5.0])) and
albumin concentration (OR 2.34, CI 95% [1.39-3.92]). Multivariable backward stepwise
logistic regression analysis was applied in models containing nutritional status and blood
parameters as predictors of preserved functional status. From all estimated blood parame-
ters, we found the total protein concentration was the only variable independently related
to preserved functional status (OR 3.2, 95% Cl [1.8-5.67]).
Table 4. Correlation between preserved functional status and blood quantitative biomarkers.
PFS V B12 AcF Fer TP Alb Glu Chol Fe CRP Lym
~0.130
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0051 0100 200
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Variable PFS V B12 AcF Fer TP Alb Glu Chol Fe CRP Lym

Chol 0.093 0.027 0.004 ~0.120 » S'é?goo » 2'390500 0.124
P lome 005 omsoms X% Zomo 2005 peooon

R Togp 014 om0 o3 e o 002 Taoh oo
Lym 0.033 -0.122 —0.048 —0.079 0.134 0.048 0.094 0.042 0.013 -0.012
Hgb 0.007 —0128  —0046 o0 o, ) O 0149 o000 0 ;;0(5%530 0.147

PFS—preserved functional status, V Bl12—vitamin B12, Ac F—folic acid, Fer—ferritin, TP—total protein,
Alb—albumin, Glu—glucose, Chol—cholesterol, Fe—iron, CRP—C-reactive protein, Lym—Ilymphocytes,
Hgb—hemoglobin.

5. Discussion

From a medical point of view, the centenarians are a remarkable and exceptional
population because they not only avoided extended physiological decline and age-related
diseases, but the rate of processes was slow enough to respond to minor stresses of daily
life and avoid their accumulation. We believe this is the first study to focus on biochemical
markers of nutrition and correlations with functional status in extreme old age. Consid-
ering that our study group demonstrated distinctive characteristics of extreme aging, we
envisage that it is likely to be representative of the entire population of long-lived per-
sons. We observed reduced anthropometric measures in long-lived individuals. Body
mass index value below the recommended level for older adults and the high index of
weight and height loss (over the last 50 years of centenarians’ life) could be an equivalent
of osteosarcopenic changes, the loss of muscle mass (sarcopenia) and the loss of bone mass
(osteopenia or osteoporosis). These data are consistent with other studies. It is emphasized
that with advancing age, the physiological process of muscle strength and function loss
results in a poor quality of life and impaired mobility. Thereby, there is a need for secondary
prevention in octogenarians and nonagenarians to prevent functional decline in extreme
old age [17,18].

In our study, centenarians presented a good profile of lipids and glucose levels, a
normal range of liver and kidney blood biochemical parameters that were consistent
with data from the literature and could be due to a reduced number of cardiometabolic
complications and to the effect of prolonged periods of healthy aging [19,20]. This study
did not specify the differences between men and women when comparing lipids, glucose
profiles, or blood cell count. Apart from creatinine serum concentration, the only statistically
significant differences between males and females were shown for total protein and ferritin.
These findings conform with data from the literature concerning well-established gender
distinction with age [21].

Interestingly, electrolyte serum concentrations were in the upper limit of the normal
range. However, the data from the literature in this field are confounding. Lower sodium
intake was associated with worse cognitive function in older adults in comparison to indi-
viduals with higher sodium intake. Authors of the study suggest that for the maintenance
of cognitive function, older adults may be advised to avoid very low sodium intake [22].
On the other side, a higher daily sodium diet was independently correlated with lower
successful aging characterized by high education level, physical and social activities, out-
door activities, and the total number of clinical cardiovascular risk factors [23]. Extreme old
age homeostasis of serum biochemical parameters concentration probably becomes more
complex than in younger adults.

It has been shown in animal models that blood chemistry measures and complete
blood count (CBC) profiles vary based on age. Researchers suggest that some of the
changes like significant changes in albumin, lymphocytes, and hemoglobin are associated
with a healthy aging process. It could be that exhibited values outside of this defined
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healthy aging reference will allow more accurate diagnostics and treatments in long-lived
individuals [24,25].

Simultaneously, studies focused on biological aging (including blood chemistry quan-
tifications) in humans suggest that the blood chemistry measures of biological aging may
be predictive of disability and mortality in older adults [26].

Presumably, factors that play a crucial role in the processes of aging in younger groups
do not have the same impact in older groups. Data on the longevity population in the
older adults” group are still lacking, although a positive correlation between protein and
resistance training on physical performance was found [27].

Recently, Fanelli et al. revealed a relationship between nutrient intake, diet type, mor-
tality, and functional limitations in 23,487 younger adults with diabetes mellitus. Authors
highlighted that patients with a lower protein intake (<0.8 mg/kg), consumed reduced
amounts of vitamins, including vitamin B12, and that they demonstrated a higher mean
number of functional limitations [28]. Moreover, a high protein intake was correlated
with decreased levels of overall mortality and cancer mortality in the population over
65 years [29,30]. As described in the literature, the amount of protein consumption should
be adjusted to the characteristics and particularly the age of the subject and should consider
long-lived individuals, metabolic disorders, and sarcopenia. However, the amount of
protein in extremely advanced age is still an issue of debate [31].

Our data are consistent with other studies in younger geriatric populations. Schalk
et al. in a prospective observation of Longitudinal Aging Study Amsterdam, indicated that
chronic low serum albumin is a predictor of functional decline in older adults. Therefore,
a decrease in serum albumin from normal to low levels but within the normal range was
the strongest determinant of future decline in functional status. The authors suggest that a
change in serum albumin concentration within the normal range measured between two
points in time could be used in clinical practice as a general marker of future functional
decline [32,33].

A Chinese study that aimed to investigate the nutritional risk, malnutrition, and
nutritional support status of the oldest-old, hospitalized patients showed that nutritional
risk was associated among others with functional decline which could contribute to a
vicious cycle of malnutrition and functional decline [34].

The importance of albumin serum concentration was also underscored by authors
of an observational study on sarcopenia and frailty. The study highlighted that among
other markers, pre-operative albumin serum concentration was an independent factor for
postoperative mortality within 90 days [35].

Lastly, a published meta-analysis concerning protein intake showed that high pro-
tein intake ameliorates physical status but not functional decline over time. The sys-
tematic review and meta-analysis of cross-sectional and longitudinal studies included
11,332 individuals with a mean age above 75 years. The authors concluded that protein
intake higher than the recommended daily allowance was associated with better physical
performance and greater muscle strength in older adults. However, the data concerning
the high consumption of proteins and its impact on physical function decline over time
are inconsistent [36,37]. A wide range of serum proteins increase with physiological aging.
On that account, it remains to be the question of whether proteins’ normal ranges could
be applied in age strata [38]. In our study, even though only albumin and total protein
concentration were a predictive factor for preserved functional status, we found statistically
significant correlations between proteins and folic acid, cholesterol, iron, and hemoglobin.
That conforms with the findings of other studies that underscore the multifactorial aspect
of nutritional status parameters [39,40].

We also found a negative correlation between c-reactive protein and functional status.
Notwithstanding, in other studies the data are inconsistent. Li et al. did not find any corre-
lation in older adults between inflammation markers and functional status. The authors
suggest a probable role of multiple factors influence rather than one single marker [41].
However, in the Northern Manhattan Study of younger adults, higher serum CRP levels
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related to higher baseline disability, even when adjusting for baseline covariates, stroke,
and myocardial infarction occurring during follow up [42].

Our study revealed that vitamin B12 status was suboptimal in all investigated individ-
uals, but anemia was not found in centenarians and a dependence on functional status was
not observed. It could be possible that with advanced age, the clinical impact of vitamin
B12 depends more on diet diversity and other clinical factors. Liu et al. showed that the
relationship between vitamin B12 serum concentration and the prevalence of anemia was
significant only when the level of dietary diversity was relatively low [43].

In centenarians, our study found a positive correlation between iron and functional
status. Several conditions contribute to iron deficiency, many of which are highly prevalent
in the geriatric population. In an observational study, lower iron status was correlated
not only with depressive mood, and cognitive function decline but also with the loss of
mobility. These findings suggest that using iron as a continuous variable, rather than single
measurements, may help find some associations with iron homeostasis and its clinical
impact [44].

The role of the supplementation of vitamins remains an issue of debate. Notwithstand-
ing that vitamin supplementation is supposed to increase physical performance and overall
health status among older adults, it was not stated in a three-year longitudinal study. The
Towards Useful Aging study highlighted that dietary supplement intake was associated
neither with physical fitness nor cognitive function improvement. Our study showed
that only 22% of centenarians used multivitamin low doses preparations. Therefore, the
recommended vitamin and protein concentrations as well as supplementation particularly
in long-lived patients are still under discussion [45].

Our study has some limitations. Considering the uniqueness of the study group it was
impossible to provide observational prospective research. A limitation of our study was
also the lack of extended data concerning anthropometric features and daily nutritional
intake. Another limitation of our study was the number of participants living in the cities
which could influence their prior physical activity and lifestyle. Despite the limitations
mentioned above, our study shows the profile of the nutritional status of centenarians and
the correlations with their functional status. Simultaneously, the study suggests the role of
further studies in evaluating nutritional status and its clinical impact but also the need to
establish optimal supplementation recommendations in extreme longevity.

The study group of centenarians seems to present a profile of prolonged healthy
aging without strongly advanced deficiencies in blood-based biomarkers of aging, like
cardio-metabolic serum profile and nutritional status. Notwithstanding the advanced aging
processes, it becomes increasingly burdensome to separate the interdependent effects of
physiological aging, nutritional status (including decreased food intake), and comorbidities
that exert influence on the serum concentrations of proteins and other factors. For this
reason, the periodic, regular assessment of serum nutritional biomarker concentrations
could probably provide us with greater clinical value. Moreover, in clinical practice,
complex nutritional serum parameters in conjunction with medical history data could
be helpful in diagnosis and guiding treatment decisions, especially when considering
the need for nutritional support. Undoubtedly, further studies of long-lived individuals
are required to establish protocols for identifying vitamin, micronutrient, and protein
deficiency symptoms and signs in clinical practice, as well as the optimal vitamin and
protein status in extreme longevity.

6. Conclusions

In long-lived individuals, the total serum protein and albumin levels are lower in
centenarians with severe functional decline, and they correlate with functional status. Total
protein serum concentration is the only factor independently related to the preserved
functional status in extreme longevity.
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