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Dietary vitamin intake and risk of metabolic
syndrome among centenarians in China
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Abstract. The present study aimed to investigate dietary
vitamin intake levels and their association with the prevalence
of obesity, hypertension, dyslipidemia and hyperglycemia in
centenarians in China. From June 2014 to December 2016,
a total of 992 centenarians aged >99 years (177 males and
815 females; age range, 100-115 years) were enrolled through
household visits in the cities and rural areas of Hainan province.
Details regarding food intake were recorded by continuous
collection of 7-day food frequency and 24-h dietary review,
and dietary vitamin intake levels were calculated according
to the Chinese Food Composition Table. The deficiency rates
of vitamin A (VA), VE, VB,, VB,, niacin and VC among
the centenarians were relatively high and the prevalence of
metabolic syndrome (MS) was 53.67% (519/967). The dietary
intake levels of VA, VE and PP were significantly higher
among the healthy centenarians than among the centenarians
with MS (P<0.05). Compared with the lowest quartiles (Q,) of
dietary vitamin intake, higher dietary intake levels of VA (Q,)
[odds ratio (OR)=0.72; 95% CI: 0.38,0.99], VE (Q;) (OR=0.61;
95% C1=0.36,0.88) and VB, (Q,) (OR=0.51;95% CI: 0.32,0.81)
were associated with a reduced risk of hypertension (P<0.05).
However, higher dietary intake levels of VA, VE, VB, and PP
were associated with increased risks of central obesity, hyper-
glycemia and low high-density lipoprotein cholesterol levels.
A high prevalence of MS and vitamin deficiency were detected
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among the centenarians and these two items were associated
with each other. It was indicated that specific vitamins are
necessary for certain centenarians.

Introduction

With the global aging phenomenon becoming a current social
trend, there is an increasing focus on the study of dietary
vitamin intake of centenarians. Vitamins are trace organic
compounds required for maintaining the normal functioning
of the human body. They have a vital role in promoting the
synthesis and degradation of major nutrients in metabolic
processes. Dietary vitamins cannot be synthesized and stored
in excess in the human body and a small amount of vitamins
provided by consumed food is able to meet the requirements
of the body (1). Extensive research has demonstrated that
vitamins have a certain preventive effect on various chronic
diseases (2), but there is a lack of studies focusing on the
relationship between dietary vitamin intake and longevity,
particularly among centenarians.

Among centenarians, due to the degeneration of teeth, the
type and amount of total dietary intake is largely limited and
decreased (3.4). Furthermore, degeneration of the digestion
and absorption system leads to reduced absorption of vitamins.
Thus, it is reasonable to doubt that the dietary vitamin intake
is a primary influence among centenarians. However, only
limited previous evidence focused on dietary vitamins and
metabolic syndrome. Most of the previous studies focused on
the individual vitamin levels and dietary vitamins, including
vitamin D (VD) and VB,,, and metabolic disorders (5-7). VD
deficiency has been frequently reported among centenarians in
terms of health status and VD supplementation may be neces-
sary for aged individuals, which would be helpful to slow down
the processes of ‘fragilization’ occurring in those subjects (8).
A growing body of recent evidence suggested that the levels
of several vitamins, including VD and VB,,, are significantly
associated with metabolism in the human body (9). In addi-
tion, several studies evaluated metabolic syndrome (MS) in
the offspring of centenarians and indicated that offspring of
long-lived parents have a lower prevalence of MS than their
partners despite having a comparable body composition (10,11).
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However, evidence on the various dietary vitamins and
metabolism in centenarians is still lacking. Therefore, the
present study aimed to evaluate the dietary vitamin intake of
centenarians in Hainan Province and to explore the association
of dietary vitamin intake levels with the prevalence of obesity,
hypertension, dyslipidemia and hyperglycemia based on data
obtained from the China Hainan Centenarian Cohort Study
(CHCCS), a prospective cohort study. Furthermore, it was
attempted to collect evidence for developing dietary nutritional
interventions, preventing and controlling chronic diseases and
improving the quality of life of centenarians.

Materials and methods

Participants. The current study analyzed data from CHCCS,
one of the largest centenarian health interdisciplinary prospec-
tive cohort studies conducted in China from June 2014 to
December 2016. Details of the CHCCS have been described
previously (3). This study was conducted in Hainan province,
an area with the highest density of centenarians in China and an
iodine-sufficient region with abundant seafood provision (12).
A total of 1,002 centenarians were recruited in the study.
Among them, 874 centenarians (150 males and 724 females)
without any missing data were included in the final analysis.
The present study was approved by the Ethics Committee of
the Hainan branch of the Chinese People's Liberation Army
General Hospital (Sanya, China; no. 301hn11201601). Each
participant signed an informed consent form after receiving
information about the contents of the research. The present
cross-sectional survey was performed among the centenar-
ians from all cities, rural areas, farms and islands (including
Sansha City) of Hainan province in 2014.

Measurements. Physical examination was performed and
demographic information was collected by a professional
nurse or trained investigator in a face-to-face interview.
Demographic information included age, sex, ethnicity (Han,
Li and other), education level (illiterate, primary school and
middle school or higher), marital status (married, widowed,
divorced or never married), family history of chronic diseases
(cancer, cardiovascular diseases, hypertension, diabetes,
stroke, mental diseases and dementia), smoking status (never
smoker, former smoker and current smoker), alcohol consump-
tion status (current, former and never), physical activity (yes
or no) and tea consumption (frequent, occasionally and never).
A dietary survey was also conducted to collect information
on nutritional risk screening and dietary habits. Details
about daily food intake (staple and non-staple foods, snacks
and drinks) were recorded by the participants or their family
members for 7 consecutive days through a 24-h dietary review.
The proportion of vegetable and fruit consumption was also
included and recorded in their daily food intake questionnaire.
Based on the 24 h dietary review, dietary intake levels of VA,
VE, VBI, niacin (PP) and VC were calculated according to the
Chinese Food Composition Table (13). Data on body height,
body weight, calf circumference, hip circumference, waist
circumference (WC) and systolic/diastolic blood pressure were
obtained by measurement during on-site medical examination.

Venous blood samples were collected from each participant
in the seated position after at least 5 min rest by an experienced

nurse, transported in cold storage to the clinical laboratory
and assayed within 4 h of collection. Laboratory blood tests
were performed to determine fasting blood glucose (FBG),
serum triglyceride (TG), high-density lipoprotein cholesterol
(HDL-C) and low-density lipoprotein (LDL-C) levels; these
were measured using enzymatic assays (Roche Products, Ltd.)
on a fully automatic biochemical autoanalyzer (COBAS c¢702;
Roche Products, Ltd.). All assays were performed by qualified
technicians who were blinded to the clinical data.

Diagnostic criteria. The diagnostic criteria for MS were set
according to the National Cholesterol Education Program
Adult Treatment Group III (14). In brief, adults with =3
conditions among the following were diagnosed with MS:
i) Abdominal obesity: WC =85 cm in males or WC =80 cm in
females (15); ii) hypertension: Blood pressure =140/90 mmHg
and confirmed diagnosis of hypertension or receiving treat-
ment (16); iii) TG: =1.70 mmol/l; iv) low HDL-C: <1.04 mmol/l
(40 mg/1) in males or <1.30 mmol/l (50 mg/dl) in females; and
v) high FBG: =6.1 mmol/l.

Statistical analysis. Dietary vitamin intake levels are expressed
as the median (interquartile range) for data with a non-normal
distribution, and the Mann-Whitney U test was performed for
comparing participants with and without MS (MS and non-MS
groups, respectively). After dividing the participants into four
categories according to the quartiles of dietary vitamin intake
levels of the non-MS group (Q,-Q,; the group with the lowest
quartile was used as the reference group), logistic regression
models were used to explore the association between MS and
its components and dietary vitamin intake. The odds ratio (OR)
of MS and 95% CI were calculated using logistic regression
models after adjusting for sex, marital status, physical activity,
smoking status, alcohol consumption, family history of chronic
diseases and daily total energy intake. All data analyses were
performed using the Statistical Package for Social Sciences
(version 20.0; IBM, Corp.). P<0.05 was considered to indicate
statistical significance.

Results

General characteristics. A total of 992 centenarians [177 males
(17.84%) and 815 females (82.16%); age range, 100-115 years]
completed the medical examinations and dietary surveys and
967 of them underwent laboratory blood tests (17). Among
them, 519 centenarians were diagnosed with MS [prevalence:
53.67% (519/967)]. Compared with the recommended intake
or appropriate intake levels according to the Chinese Dietary
Reference Intake (DRI, 2013 edition) (18), the dietary defi-
ciency rates of VB,, VB,, PP, VA, VC and VE among these
centenarians were 87.55, 80.13,67.63,45.81,30.26 and 23.59%,
respectively (data not shown).

Comparison of vitamin intake between the MS and non-MS
groups. The dietary intake levels of VA, VE and PP in the
non-MS group were significantly higher than those in the MS
group, with differences in mean vitamin intake as follows:
61.83 ug retinol activity equivalents/day, 5.56 mg a-tocopherol
equivalents/day and 1.88 mg niacin equivalents/day, respec-
tively (P<0.05 for all; Table I). Although the dietary intake
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Table I. Dietary intake levels of vitamins among centenarians in Hainan province.

Vitamin RNI/AI MS (n=519) Non-MS (n=448) P-value
VA (ug RAE/d) 700 444 11 (275.02, 582.26) 505.94 (474.43,616.14) 0.027
VE (mg a-TE/d) 14 12.18 (9.00, 16.85) 17.74 (10.45, 20.67) 0.001
VB, (mg/d) 1.2 0.65 (0.45,0.90) 0.87 (0.48,9.09) 0.192
VB, (mg/d) 1.2 0.49 (0.22,0.98) 0.59 (0.39,1.91) 0.239
PP (mg NE/d) 10 7.43 (5.40,11.25) 9.31(5.10, 15.92) 0.026
VC (mg/d) 100 79.71 (53.09, 98.70) 88.50 (55.98, 121.90) 0.674

VA, VB,, VB, and PP refer to the RNI for females aged >80 years according to dietary reference intake. Values are expressed as the median (inter-
quartile range). P-values were calculated by using Mann-Whitney U tests. RNI, recommended nutrient intake; Al, appropriate intake; MS, metabolic
syndrome; VA, vitamin A; pp, niacin; d, day; RAE, retinol activity equivalents; TE, a-tocopherol equivalents; NE, niacin equivalents.

levels of VB,, VB, and VC were higher in the non-MS group
than in the MS group, the difference was not significant
(P>0.05 for all).

Association between MS and its components and dietary
vitamin intake. Logistic regression models were used to eval-
uate the associations between the quartiles of vitamin intake
and MS or its components after adjusting for sex, marital
status, sexual activity status, physical activity, smoking status,
alcohol consumption, family history of chronic diseases and
daily total energy intake (Table II). It was indicated that
higher dietary intake levels of VA (Q,) were significantly
associated with a reduced risk of hypertension (OR=0.72,
95% CI: 0.38, 0.99), and the linear association between VA
intake and hypertension was significant (P<0.05). Although
higher dietary intake levels of VA (Q;) among the centenar-
ians were associated with a higher risk of abdominal obesity
(OR=1.08, 95% CI: 1.00, 2.40) and hyperglycemia (OR=1.45,
95% CI: 1.00, 1.83), the linear trends were not significant
(P>0.05 for both).

Higher dietary intake levels of VE (Q;) were associated
with a decreased risk of hypertension (OR=0.61, 95% CI: 0.36,
0.88) and the linear trend of their association was significant
(P<0.01) among the centenarians. Although higher dietary
intake levels of VE were also associated with a higher risk of
hyperglycemia (OR=1.51, 95% CI: 0.27, 2.20), the P-value was
>0.05. A significant linear decrease in the risk of MS with high
dietary intake levels of VE was also observed, although the
OR for Q,-Q, was not significant.

Higher dietary intake levels of VB, (Q,) were associated
with a reduced risk of hypertension (OR=0.51, 95% CI: 0.32,
0.81) and an increased risk of low HDL-C levels (OR=1.40,
95% CI: 1.04,2.23), and the linear trends for VB,-hypertension
and VB,-low HDL-C were significant (P<0.05 for both).
Elevated dietary intake levels of PP (Q;) were associated with
an increased risk of abdominal obesity (OR=1.85, 95% CI:
1.20, 3.13), but the association was not significant (P>0.05).

Although dietary intake levels of VE, VB,, VB, and PP
exhibited a significant linear association with the risk of MS,
compared with the lowest quartile, we did not found any
significant association of dietary VE, VB,, VB, and PP with
MS. The dietary intake levels of VA demonstrated significant
associations with the odds of waistline, hypertension, and

hyperglycemia, only the VA-hypertension association was
with a significant linear trend.

Discussion

Using data from CHSS, a large centenarian cohort study
performed in China, the present study discovered that high
dietary intake levels of VA, VE, VB, and PP were associated
with high risks of central obesity, hyperglycemia and low
HDL-C levels, whereas high dietary intake levels of VA and
VE were associated with a reduced risk of hypertension.

The present results indicated relatively high deficiency rates
of VB,, VB, and VC among the centenarians in Hainan prov-
ince, whereas the dietary intake levels of VA, VE and PP were
sufficient. These results are consistent with those of a study on
dietary vitamin intake among the elderly in the Zhejiang and
Nanjing provinces (19,20). In comparison, the dietary intake
level of VA was relatively high among the centenarians in
Hainan province. This was possibly due to the specific diet
of Hainan island, located in southernmost of China. The food
is comparatively lighter, less oily and more mildly seasoned
than that in mainland China. Seafood and various tropical
fruits and vegetables, which contain high vitamin levels,
predominate the menu. A previous systematic review reported
that the dietary intake of VE was significantly insufficient in
the worldwide elderly population (21), whereas the majority of
the elderly in Hainan province met or exceeded the VE intake
levels recommended by the Chinese Nutrition Society (22),
which may be due to the sufficient intake of VE-rich seafood
in Hainan province. In addition, regarding the highly insuf-
ficient vitamin intake rates, the elderly are prone to insufficient
dietary vitamin intake due to the decrement of energy intake,
digestion, absorption, synthesis and metabolic decomposition
secondary to the natural decline of organ function, as well
as due to chronic diseases, nutritional deficiencies and poor
eating habits.

In the present study, the non-MS group had higher dietary
intake levels of VA, VE, VB,, VB,, PP and VC than the MS
group. After adjusting for potential confounders, including
sex, ethnicity, marital status and daily total energy intake,
it was revealed that the dietary intake levels of VA, VE and
PP exerted a protective effect on MS. This conclusion is
consistent with that of a Polish study on Alzheimer's disease,
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Table II. Logistic regression analysis of MS and its components among centenarians in Hainan province.

A, VA

Vitamins Q, Q, Q; Q, P-value
MS 1 1.21 (0.70, 1.79) 1.09 (0.66, 1.72) 1.15 (0.67, 1.85) 0.576
Waistline 1 1.27 (0.87,1.88) 1.08 (1.00, 2.40) 1.25(0.73,2.28) 0.136
Hypertension 1 0.86 (0.50, 1.17) 0.65 (0.36, 1.05) 0.72 (0.38,0.99) 0.011
Hyperglycemia 1 1.12 (0.72,1.75) 1.45(1.00, 1.83) 1.16 (0.73,1.85) 0.505
Hypertriglyceridemia 1 0.97 (0.62, 1.53) 1.29 (0.83,2.01) 1.10 (0.69, 1.76) 0471
Low HDL-C 1 1.72 (0.97,3.04) 1.15(0.62,2.10) 1.41(0.75,2.64) 0.429
B, VE

Vitamins Q, Q, Q; Q, P-value
MS 1 1.16 (0.73, 1.86) 1.11 (0.67, 1.83) 1.05 (0.59, 1.88) 0.025
Waistline 1 1.30 (0.83, 2.06) 1.30 (0.81, 2.09) 1.36 (0.79,2.32) 0.823
Hypertension 1 0.79 (0.52,1.22) 0.61 (0.36,0.88) 0.63 (0.38,1.04) 0.002
Hyperglycemia 1 1.31 (0.84,2.04) 1.47 (0.80,2.01) 1.51 (0.27,2.20) 0.141
Hypertriglyceridemia 1 0.96 (0.62, 1.50) 1.12 (0.70, 1.77) 0.96 (0.57,1.62) 0.670
Low HDL-C 1 1.28 (0.71,2.33) 1.25(0.67,2.33) 1.16 (0.58, 2.30) 0.829
C, VB,

Vitamins Q, Q, Q; Q, P-value
MS 1 1.28 (0.79, 2.02) 0.81(0.47,1.37) 091 (0.53,1.84) 0.017
Waistline 1 1.30 (0.82,2.06) 1.53 (0.93,2.52) 1.60 (0.89, 2.87) 0.734
Hypertension 1 0.83 (0.54,1.28) 0.87 (0.54, 1.39) 0.68 (0.39,1.17) 0.101
Hyperglycemia 1 1.09 (0.70, 1.69) 0.94 (0.58,1.52) 0.93 (0.53,1.63) 0.222
Hypertriglyceridemia 1 1.11 (0.71,1.72) 1.03 (0.64, 1.67) 0.99 (0.56, 1.74) 0.215
Low HDL-C 1 1.19 (0.66, 2.15) 1.77 (0.40, 1.50) 1.23 (0.58, 2.60) 0.931
D, VB,

Vitamins Q, Q, Q; Q, P-value
MS 1 0.89 (0.56, 1.42) 0.67 (0.41,1.10) 1.00 (0.57, 1.76) 0.011
Waistline 1 1.18 (0.74, 1.87) 1.45(0.91,2.32) 1.64 (0.96,2.79) 0.490
Hypertension 1 1.03 (0.67, 1.59) 0.71 (046, 1.11) 0.51(0.32,0.81) 0.021
Hyperglycemia 1 0.81 (0.52,1.26) 0.73 (0.46,1.14) 0.81 (0.48,1.35) 0.122
Hypertriglyceridemia 1 0.92 (0.59, 1.43) 0.75(0.47,1.19) 1.20 (0.72, 2.00) 0.953
Low HDL-C 1 1.05 (0.60, 1.84) 0.76 (0.41,1.42) 1.40 (1.04,2.23) 0.017
E, PP

Vitamins Q, Q, Q; Q, P-value
MS 1 1.53(0.94,2.47) 1.26 (0.74,2.15) 1.73(0.92,3.27) 0.015
Waistline 1 1.42 (0.89,2.27) 1.85(1.20,3.13) 1.79 (0.89, 3.42) 0.852
Hypertension 1 1.19 (0.77, 1.85) 0.91 (0.57, 1.46) 0.80 (0.46,1.41) 0.084
Hyperglycemia 1 1.11 (0.71,1.74) 0.98 (0.60, 1.59) 0.98 (0.55,1.75) 0.032
Hypertriglyceridemia 1 1.30 (0.80, 1.45) 0.79 (0.59,1.71) 1.22 (0.57,1.89) 0.529
Low HDL-C 1 1.12 (0.57,1.70) 0.64 (0.48,1.48) 1.70 (0.63, 3.31) 0.016

According to dietary vitamin intake, the participants were divided into 4 groups as quartile arrays Q,, Q,, Q; and Q,; Q,, Q; and Q, were based
on Q,, and P-values were calculated by logistic linear trend of MS and its components Q,-Q,. Values are expressed as the odds ratios (95% CI).

MS, metabolic syndrome; VA, vitamin A; PP, niacin; HDL-C, high-density lipoprotein cholesterol.
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which concluded that VA and VE possibly have a protective
role against chronic diseases and aging (23,24). Furthermore,
the present large-sample study on the risk of cardiovascular
disease demonstrated that VA, VE and VB, exerted protec-
tive effects against hypertension, whereas VB, was associated
with an increased odds of low HDL-C levels. In addition, the
current study demonstrated that VA and PP increased the risk
of abdominal obesity.

According to the present results, dietary factors may be the
primary causes of insufficient vitamin intake. There are several
aspects that may potentially affect insufficient vitamin intake,
such as the following: i) Due to the poor conditions of oral
hygiene and residual teeth among the elderly, they frequently
consume liquid and semiliquid foods, which directly leads to
a lack of essential vitamin intake. ii) Due to their impaired
chewing function, soft foods requiring a prolonged cooking
time are preferred for centenarians; however, high-temper-
ature processing destroys VB and VC present in the food.
iii) Insufficient intake of vegetables and low frequency of fruit
intake leads to multivitamin deficiency. iv) The majority of the
elderly subjects experienced inconvenience in daily life due
to their reduced mobility and perceived a lack of care by their
family. The long-term consumption of a simple diet negatively
affected the optimum dietary intake of multiple vitamins and
nutrients. v) The local economic status of Hainan province
suggests that it is an underdeveloped region with limited
medical care facilities. During the past decade, the propor-
tion of the centenarian population in Hainan province has
increased by 250% (25,26). This suggests that the government
should focus more on the quality of life of centenarians and
provide the required social and medical support.

The CHCCS is a large and well-designed prospec-
tive cohort study on centenarians in Hainan province in
China (3), which is helpful to evaluate dietary vitamin intake
and MS. To the best of our knowledge, the present study was
the first to evaluate the association between dietary vitamins
and metabolic syndromes in centenarians. The functional
degeneration of the organs causes a large decrement in the
uptake of the nutrients among centenarians. The uptake
levels of nutrients among centenarians are difficult to eval-
uate. However, dietary vitamin intake levels are positively
associated with the vitamin levels within human body, and
dietary vitamin levels could partially represent uptake levels.
Therefore, the question of whether dietary vitamin intake
influences metabolic disease is important for centenarians.
However, there are several limitations to this study. First of
all, the present study was conducted in Hainan province,
which is an island in the South of China. The dietary types
and lifestyles are unique, which may limit the extension
of the conclusions to other populations. Furthermore, the
information on diet was based on questionnaires completed
using face-to-face interviews. Due to the short term memory
loss exhibited by the centenarians, recall bias may influ-
ence results. In addition, the cross-sectional design and
unavailable residual confounders may not allow for a causal
conclusion. Furthermore, social and economic factors were
not taken into account and this may have been a source of
bias. In addition, the present study only focused on several
vitamins, including VA, VE, VB,, VB,, PP and VC, and other
vitamins were not evaluated, which should be performed in a

further study. Finally, compared with blood vitamin levels in
the centenarians, the dietary information may be less precise
to reflect the vitamin levels in the human body.

In summary, the dietary vitamin intake levels of cente-
narians in Hainan province were generally low. As the
proportion of the centenarian population is increasing, there
is a requirement to provide a specific DRI recommendation
for them according to the general Chinese Dietary Guidelines.
Although the dietary vitamin intake levels of centenarians
were higher than other populations in other provinces, the
intake levels were generally lower than normal adults. Thus,
it may be recommended that centenarians should increase
their intake of foods rich in VA, VE, and VB,. In addition,
a reasonable intake of vitamin supplements is suggested for
centenarians who are not able to achieve sufficient intake of
vitamins only through their diet.
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