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Abstract

Background: Although there have been studies on the association between nutritional status and functional
limitations, there were few studies on Asian centenarians in community. Therefore, this study aims to identify
associations between nutritional status and functional limitations among centenarians in China.

Methods: This cross-sectional study was conducted with the data from the China Hainan Centenarian Cohort Study.
These data ultimately included basic characteristics, hematologic indicators, and chronic disease status for 1,002
centenarians. The nutritional status was evaluated using the Mini Nutritional Assessment Short-Form scale. The
functional limitations were assessed using the activities of daily living (ADL) scale, namely Barthel Index and Lawton
Scale. The association between nutritional status and ADL was assessed using multivariate logistic regression models.

Results: In this study, the prevalence of malnutrition was 20.8 % among centenarians, basic ADL (BADL) limitation was
28.6 %, and instrumental ADL (IADL) limitation was 64.7 %. As the nutritional status deteriorated, the risk of ADL
limitations increased in total population (BADL limitation: OR = 17.060, 95 % CI: 8.093-35.964; IADL limitation: OR =
11.221, 95 % CI: 5.853-21.511; p for trend < 0.001). Similar results were found in both men and women after stratifying
sex but were more prominent in women.

Conclusions: Malnutrition is associated with functional limitations among centenarians in China and more
pronounced among women.
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Background
The global older population is increasing; this makes us
facing the aging population and the health problems of
the older. Because in the aging process, the human body
inevitably experiences various functional declines; the
problem of functional limitations [1] and deterioration
of nutritional status [2] are more prominent.
Aging is a complex process representing a myriad of

overlapping sets of influences and changes that accrue
over time [3]. With the decline of muscle strength and
physical function during aging, the older will face a high
risk of physical function limitations [4]. Existing studies
on function limitations caused by aging have also found
that unhealthy lifestyles (e.g., lack of physical activity)
and chronic diseases (e.g., diabetes, hypertension, and
heart disease) are related to function limitations in later
life activities [5, 6].
Malnutrition is associated with many adverse events in

the aging process of the older [7], which heavily affect
health status and life quality [8]. Especially in terms of
function, it has been proved that malnutrition can lead
to functional limitations in the older [9–11]. This is be-
cause nutritional status may trigger changes in the struc-
ture and function of muscles. There are functional
limitations and physical disability in older caused by
muscle loss and other reasons [12].
However, the research on the relationship between nu-

tritional status and functional limitations of centenarians
is limited. Current research mainly focuses on European
populations and the sick older [13–16], with a lack of
studies on Asian populations and community older.
Centenarians, as the “template population” of population
aging, have reference value for the extension of their life
span and health to the general older population [17].
The longevity of centenarians in China’s Hainan Prov-
ince is closer to natural longevity than that of those in
areas with higher level of economic and medical. This
provides a unique sample for the study of nutritional and
functional limitations of the natural longevity population.
Therefore, this study aims to identify the association be-
tween nutritional status and functional limitations among
Chinese centenarians in community, and to supplement
the evidence for this association in the Asian centenarian
population.

Methods
Study design and participants
We performed a cross-sectional analysis with the data of
centenarians-based from the China Hainan Centenarian
Cohort Study (CHCCS) from 2014 to 2016. The study
sample of CHCCS was drawn from Hainan province,
China through a full sample survey process [18]. The
following inclusion criteria were used to recruit partici-
pants: (1) was 100 years or older by 1 June 2014; (2)

volunteered to participate in the study and provided
written informed consent; and (3) can get in touch with
centenarians. Briefly, CHCCS is a study aiming to inves-
tigate health determinants and aspects of the centenar-
ian population living in Hainan, China.
In 2014, at the time of the baseline survey, the older

aged 100 years or over were considered eligible. Examin-
ing the ID numbers and on-site confirmations of all par-
ticipants led to the choice of 1,473 centenarians as the
target sample. Finally, centenarians who were unable to
participate in all surveys were excluded, including 268
older who died before the interview, 124 older who un-
able to participate in the physical examination, and 79
older who declined to participate. 1,002 centenarians
(180 men and 822 women) were included in our survey.
These centenarians were not living in institutions, such
as nursing homes. They live either with their families or
alone in the community. As of the end of the survey, all
the 1002 centenarians were alive.

Data collection and definitions
In this survey, nurses familiar with the situation and
language of the survey area completed questionnaires
survey, physical examinations, and laboratory tests. In
rare participants (e.g., centenarians with cognitive im-
pairment), relatives of the centenarian were interviewed.
Data were collected and sorted by two fully trained staff
using the same equipment and software.
Basic characteristics included age, sex, educational

level, residence type, physical activity, BMI, hematologic
indicators, and chronic diseases. Age was ascertained
from national ID cards. Educational level was catego-
rized into “primary school and below” and “junior high
school and above”. The residence type was categorized
into “living alone” and “living with family”. The physical
activity was assessed by answering “how many times did
you do physical activities related to independent life per
week”. We defined doing physical activities more than
once a week as “physical activity”. Otherwise, it is “lack
of physical activity”.
Body Mass Index (BMI) was calculated by weight and

height. Weight and height were measured on a horizon-
tal platform scale and a wall-mounted stadiometer to the
nearest and 0.1 kg and 0.1 cm, respectively. Each param-
eter was measured twice, and the reported results were
the averages of these duplicate measurements. Samples
of venous blood were collected and transported by a
standardized process, which analyzed by an automatic
biochemical analyzer (COBAS c702; Roche Products
Ltd., Basel, Switzerland) in the Hainan Branch of the
Chinese People’s Liberation Army General Hospital. The
hematologic indicators included hemoglobin (Hb),
serum albumin (ALB), and total cholesterol (TC).
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Participants were asked whether they had any current
chronic diseases including diabetes, hypertension, and
heart disease. Chronic diseases were identified based on
self-reports combined with the medical records of the
participants. For example, diabetes was defined as fasting
blood glucose ≥ 7.0 mmol/L, or postprandial blood glu-
cose ≥ 11.1 mmol/L, or currently using hypoglycemic
drugs.

Functional limitations
The functional limitations were assessed using the activ-
ities of daily living (ADL) scale [19], which was usually
used to estimate the decline or even loss of body func-
tion among older. Activities of daily living are basic ac-
tivities necessary for people to take care of themselves,
maintain personal hygiene, and carry out independent
social activities in daily life [20]. The Barthel index and
Lawton scale evaluated basic ADLs (BADLs) and instru-
mental ADLs (IADLs), respectively; their validity has
been well established in Chinese older [21, 22] and cen-
tenarians [23]. The more scores centenarians obtained in
Barthel index and Lawton scale, the better their ADL. In
this study, we used face-to-face questionnaires to assess
centenarians’ ADL and conduct on-site inspections to
ensure effectiveness and reliability.
The Barthel index includes the fundamental skills typ-

ically needed to manage basic physical needs, comprised
of various functional skills in different areas [24]. It
includes ten items including bowel control, bladder con-
trol, grooming, bathing, toilet use, dressing, feeding, stair
climbing, transferring from bed to chair, and mobility
[19]. The final score ranges from 0 (full dependence) to
100 (full independence), in 5-point intervals. Lawton
scale is an appropriate tool for assessing independent
living skills, which includes using the telephone, food
preparation, housekeeping, laundry, handling finances,
shopping, mode of transportation, and using own medi-
cations [25]. The final score ranges from 0 (full depend-
ence) to 8 (full independence), in 1-point intervals.
As a special group, the activities of centenarians may

be different from other age clusters. Quantifying their
ADL using the same score would be unfair. Therefore,
binary variables of ADL/IADL were constructed, which
were “BADL limitation” and “No BADL limitation” /
“IADL limitation” and “No IADL limitation. We define
“BADL limitation” as ≤ 60 points [26], and “IADL limita-
tion” as ≤ 2 points [13].

Nutritional status
Nutritional status was assessed by the Mini Nutritional
Assessment Short-Form (MNA-SF). It has been verified
and widely accepted malnutrition risk screening in the
older, with good sensitivity and high correlation [27].
The total weighted MNA-SF scores range from 0 to 14,

with 12 to 14 indicating normal nutrition, 8 to 11 indi-
cating being at the risk of malnutrition, and ≤ 7 indicat-
ing malnutrition. In this study, they were represented by
“normal”, “at-risk”, and “malnutrition”.

Statistical analyses
Descriptive statistics were performed using mean ±
standard deviation for normally distributed continuous
variables, and median (M) ± interquartile range (IQR) for
non-normally distributed continuous variables. Categor-
ical variables were expressed as n (%). Statistical differ-
ences were compared using independent samples T-test
for continuos variables and Chi-square test for categor-
ical variables. Logistic regression models were employed
to estimate the odds ratios (ORs) and 95 % confidence
interval (CI) of risk factors associated with functional
limitations. Meanwhile, this binary coding of ADL/IADL
variables was also used as dependent variables in the
multivariable regression analysis, and BMI was excluded
from the model because of multicollinearity with MNA-
SF score. Last, according to different population, we di-
vided them into three groups: total group, man group
and woman group. And considered three types of
variables: basic characteristics (age, sex, educational
level, residence type, physical activity), hematological in-
dicators (Hb, ALB, TC), and chronic diseases (diabetes,
hypertension, heart disease). Run a logistic regression
model (crude model) that includes only covariates of nu-
tritional status, following by entering basic characteristic
variables (model 1), hematologic indicators variables
(model 2), and chronic diseases variables (model 3).
Statistical significance was set at 0.05 (two sides). IBM
SPSS Statistics for Windows, version 19.0 (IBMCorp.,
Armonk, N.Y., USA) and statistical software packages R
(http://www.R-project.org, The R Foundation) were uti-
lized for statistical data analysis.

Results
Table 1 summarizes the basic characteristics of centenar-
ians in different nutritional status. The study participant
was on average 102 years old with 82.0 % women. Most
centenarians had primary education or below (98.0 %), live
with their families (86.1 %), and lack of activity (87.1 %).
As the nutritional status declined, hematologic indicators
also declined. Participants had a higher prevalence of
hypertension, and a lower prevalence of diabetes and heart
disease. There was no statistical difference in the preva-
lence of diabetes, hypertension, and heart disease under
different nutritional status.
Figure 1 shows the proportion of centenarians with

BADL/IADL limitation under the different nutritional
status. In the total sample, the prevalence of malnutri-
tion was 20.8 % (208/1002), BADL limitation was 28.6 %
(287/1002), and IADL limitation was 64.7 % (648/1002).
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The malnutrition group had a significantly higher preva-
lence of ADL limitation than the prevalence of other
groups. There was no statistical difference between men
and women with BADL limitation (p = 0.120), while
IADL limitation did (p < 0.001).
Figure 2 shows the proportion of centenarians who are

functionally independent under different nutritional sta-
tus, and the odds ratio of malnutrition group to normal
nutrition group. The proportion of centenarians with
various dependencies increased with nutritional status
deteriorated. In BADL, bladder control is a relatively in-
dependent behavior (28/1002); the proportion of bladder
control is also lower than other behavior under different
nutritional status. Stair climbing was the least independ-
ent behavior. In IADL, laundry is the most independent
behavior (532/1002), and mode of transportation is
the least independent behavior.

Tables 2 and 3 present the results of multivariable
logistic regression analysis for the association between
nutritional status and BADL/IADL. As the nutritional
status deteriorated, the risk of ADL limitations grad-
ually increased (p for trend < 0.001). In the total
population, the OR of BADL limitation for malnutri-
tion centenarians was 17.060 (95 % confidence interval
[CI]: 8.093-35.964), and that of IADL was 11.221
(95 % CI: 5.853-21.511). After gradually adjusting the
covariates, the OR was weakened but in the same
direction. Similar results were found in both men and
women but were more prominent in women after
stratifying sex.

Discussion
This is a study about the association between nutritional
status and functional limitations among centenarians

Table 1 Distribution of baseline characteristics of centenarians in different nutritional status

Characteristics Total
(n = 1002)

Nutritional status p-Value a

Normal (n = 123) At-risk (n = 671) Malnutrition (n = 208)

Age, M (IQR), years 102.0(3.0) 102.0(3.0) 102.0(3.0) 102.0(3.0) 0.533

Woman, % 822(82.0) 93(75.6) 545(81.2) 184(88.5) 0.008

Primary school and below, % 982(98.2) 7(5.7) 11(1.6) 2(1.0) 0.006

Living with families, % 863(86.1) 104(84.6) 565(84.2) 194(93.3) 0.004

Physical activity, % 129(12.9) 23(18.7) 93(13.9) 13(6.3) 0.002

BMI, M (IQR) 17.9(16.0-19.9) 21.8(20.3–23.8) 17.8(15.9–19.5) 17.1(16.0-18.4) < 0.001

Hb, M (IQR), g/L 114.0(20.0) 119.0(18.0) 114.0(19.0) 112.0(21.8) < 0.001

ALB, M (IQR), g/L 4.6(1.2) 4.8(1.2) 4.6(1.1) 4.5(1.3) < 0.001

TC, M (IQR), mmol/L 38.5(5.1) 40.2(3.7) 38.6(4.9) 37.4(6.2) < 0.001

Diabetes, % 96(9.6) 13(10.6) 63(9.4) 20(9.6) 0.920

Hypertension, % 757(75.5) 99(80.5) 501(74.7) 157(75.5) 0.385

Heart disease, % 41(4.1) 5(4.1) 26(3.9) 10(4.8) 0.839
a All p-values were significant at P < 0.05

Fig. 1 Proportion of centenarians with BADL/IADL limitation under the different nutritional status
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based on a large sample of the Chinese community
population. Some studies have found that centenarians
were facing functional limitations. A study describing
centenarians in Mexico City showed that their ADL lim-
itations proportion was 70.7 % [28]. Similarly, a study of
43 centenarians in Costa Rica showed that there were
only 2 centenarians with independent BADL function
and only 1 with IADL independence [15]. In developed
countries, similar results were also found [29–31].

Consistent with studies on centenarians in other parts of
China, the prevalence of BADL limitation and malnutri-
tion among centenarians in Hainan is low, but IADL is
high [32–34]. The reason for this difference is Lawton
IADL assessed the instrumental activities of daily living,
which require greater complexity of the neurophysical
functions [35].
Although the results reported by each country and

region were relatively consistent, there were no specific

BADL dependence
Bowel control
Bladder control
Grooming
Bathing
Toilet use
Dressing
Feeding
Stair climbing
Transfers
Mobility
IADL  dependence
Telephone
Food preparation
Housekeeping
Laundry
Handle finances
Shopping
Mode of transportation
Use of medication

Normal

1(0.8)
1(0.8)

12(9.8)
13(10.6)

3(2.4)
2(1.6)

0(0)
30(24.4)

1(0.8)
2(1.6)

96(78)
88(71.5)
57(46.3)
41(33.3)

43(35)
94(76.4)

104(84.6)
65(52.8)

At−risk

10(1.5)
8(1.2)

131(19.5)
174(25.9)

54(8)
36(5.4)
16(2.4)

280(41.7)
37(5.5)
45(6.7)

579(86.3)
552(82.3)
418(62.3)
318(47.4)
346(51.6)
603(89.9)
628(93.6)
448(66.8)

Malnutrition

20(9.6)
19(9.1)

116(55.8)
139(66.8)
85(40.9)
60(28.8)
42(20.2)

169(81.3)
63(30.3)
81(38.9)

199(95.7)
200(96.2)
190(91.3)
173(83.2)
176(84.6)
205(98.6)
203(97.6)
188(90.4)

Odds Ratio (95% CI)

7.439(3.101−17.846)
8.025(3.353−19.207)

11.663(6.056−22.463)
17.046(8.959−32.431)

23.271(12.843−42.167)
22.484(10.857−46.565)
32.893(13.842−78.164)
12.757(7.869−20.683)
15.181(9.516−24.219)

37.285(20.227−68.728)

6.219(2.815−13.740)
9.943(4.432−22.306)

12.222(6.712−22.256)
9.886(5.865−16.662)

10.233(6.032−17.357)
21.082(6.265−70.944)

7.417(2.693−20.428)
8.388(4.690−14.999)

  0.10   1.0  10.0 100.0

Fig. 2 Functional status of centenarians according to nutritional status [n (%)]

Table 2 Multivariable logistic regression analysis for the association between nutritional status and BADL limitation a, b

Nutritional status p for
trendNormal At risk Malnutrition

Total population

Crude model 1 2.952(1.506–5.787) 22.277(10.978–45.208) ˂0.001

Model 1 1 2.864(1.448–5.664) 20.955(10.169–43.179) ˂0.001

Model 2 1 2.388(1.190–4.792) 16.770(7.972–35.280) ˂0.001

Model 3 1 2.390(1.189–4.804) 17.060(8.093–35.964) ˂0.001

Man

Crude model 1 2.340(0.658–8.319) 12.600(2.977–53.323) ˂0.001

Model 1 1 2.457(0.652–9.260) 12.438(2.702–57.259) ˂0.001

Model 2 1 2.201(0.538–9.004) 19.033(3.454-104.881) ˂0.001

Model 3 1 2.262(0.548–9.334) 19.658(3.497–110.510) ˂0.001

Woman

Crude model 1 3.214(1.447–7.136) 25.390(11.074–58.213) ˂0.001

Model 1 1 3.176(1.421–7.102) 25.071(10.790-58.253) ˂0.001

Model 2 1 2.731(1.196–6.240) 19.913(8.340-47.548) ˂0.001

Model 3 1 2.765(1.207–6.336) 20.824(8.680–49.960) ˂0.001
a Crude model: None adjusted; Model 1: Adjusted for age, sex, educational level, residence types, physical activity; Model 2: Model 1 plus hemoglobin, serum
albumin, total cholesterol; Model 3: Model 2 plus diabetes, hypertension, heart disease
b Described as OR (95 %CI)
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analysis of the impact of the nutritional status of cente-
narians on the activities. This study focuses on centenar-
ians in the community, and the association between
nutritional status and functional limitations. In this
study of these extreme survivors, we found that malnu-
trition was significantly associated with the limitations of
BADL and IADL among centenarians.
The results were consistent with previous studies

showing that there are more woman centenarians
than man centenarians in the same area [4, 14, 36].
But the functional limitations faced by man and
woman were similar. The association between nutri-
tional status and functional limitations is complex be-
cause it involves multiple system linkages. As the
nutritional status deteriorated, the risk of ADL limita-
tions gradually increased. There were different statis-
tical differences between men and women in BADL/
IADL, and one of the reasonable explanations is the
difference in the education level. In this study,
women’s education level was significantly lower than
men’s education level (junior high school and above,
0.5 %: 8.9 %). It also requires further research to con-
firm the mechanism. Women are more affected by
the impact of nutrition on activity, which suggests
that we need to pay more attention to woman
centenarians.
The results also extend the findings of the previous

studies: the differences in the association between
malnutrition and impaired ADL items for centenarians
in different countries. In the study of centenarians in

Sweden [4], Denmark [14], and Japan [37], bathing
suffered the most damage in BADL, while in China it
was “mobility” [36]. Although the highest proportion of
impaired items is stair climbing in this study, the propor-
tion of transfers is similar to centenarians in other parts of
China. There may be two reasons for this difference. First,
most centenarians in Hainan live in bungalows, and they
rarely use stairs. Second, bed/chair transfer can be used to
screen for long-term risks of functional limitations [38],
which is more obvious for extreme survivor.
This study has some limitations. First, this research

was a cross-sectional study that limits the ability to
determine the causal relationship and reason between
nutritional status and functional limitations. Second, we
cannot obtain the association between nutritional status
and functional limitations for centenarians who unable
to participate in the physical examination. Last, com-
pared with the current well-known cohort studies, the
sample size of centenarians in CHCCS is smaller. It had
an impact on the accuracy of the research.

Conclusions
This study provides evidence that malnutrition is associ-
ated with functional limitations among centenarians in
China and more pronounced among women. Although
the prevalence of ADL limitations among centenarians
in Hainan, China is low, the impaired activities of the
older caused by malnutrition still needs attention.
Strengthening the nutrition of the older is of practical
significance for promoting healthy aging.

Table 3 Multivariable logistic regression analysis for the association between nutritional status and IADL limitation a

Nutritional status p for
trendNormal At risk Malnutrition

Total population

Crude model 1 2.265(1.531–3.351) 15.411(8.436–28.153) ˂0.001

Model 1 1 2.221(1.457–3.385) 13.298(7.069–25.019) ˂0.001

Model 2 1 1.919(1.247–2.952) 10.880(5.700-20.769) ˂0.001

Model 3 1 1.908(1.236–2.945) 11.221(5.853–21.511) ˂0.001

Man

Crude model 1 3.025(1.253–7.304) 13.750(3.585–52.740) ˂0.001

Model 1 1 2.929(1.126–7.617) 11.802(2.828–49.255) ˂0.001

Model 2 1 2.483(0.947–6.514) 9.941(2.301–42.960) ˂0.001

Model 3 1 2.629(0.958–7.214) 11.146(2.452–50.664) ˂0.001

Woman

Crude model 1 2.046(1.313–3.188) 14.745(7.462–29.134) ˂0.001

Model 1 1 2.099(1.308–3.368) 13.986(6.856–28.534) ˂0.001

Model 2 1 1.828(1.124–2.972) 11.308(5.457–23.432) ˂0.001

Model 3 1 1.858(1.138–3.035) 12.007(5.761–25.027) ˂0.001
a The adjusted covariates in models are the same as in Table 2
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