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Purpose: To our knowledge, the normal fasting plasma glucose (FPG), blood pressure 
(BP), and blood lipids (BL) interval values have not been well-established in the long-
evity population. This study aims to provide a reference for the establishment of normal 
BP, FPG, and BL interval values in the longevity people in China.
Patients and Methods: A total of 7417 people were selected from the natural longevity 
cohort in Guangxi, with an age range of 20–110 years old, including 7093 classified as 
the non-longevity (20–89 years old) (94.02%) and 324 classified as the longevity (≥90 
years old) (5.98%); there were 4309 men (58.1%) and 3108 women (41.9%). FPG, 
systolic blood pressure (SBP), diastolic blood pressure (DBP), total cholesterol (TC), 
and low-density lipoprotein (LDL-C) levels were defined as desirable levels when they 
were below the 75th percentile (P75), borderline levels from the 75th to 90th percentile 
(P75–P90), and high levels above P90; triglyceride (TG) levels above P90 were defined 
as high; and high-density lipoprotein cholesterol (HDL-C) levels below the 5th percentile 
(P5) were defined as low levels.
Results: The reference interval values of FPG in the longevity were as follows: desirable 
levels <6.15 mmol/L, borderline levels 6.15–7.45 mmol/L, high levels ≥7.45 mmol/L. 
Reference interval values of systolic blood pressure (SBP) were as follows: desirable 
levels <160.00 mmHg, borderline levels 160.00–174.50 mmHg, high levels ≥175.00 
mmHg. DBP reference interval values were as follows: desirable levels <88.00 mmHg, 
borderline levels 88.00–90.00 mmHg, high levels ≥90.00 mmHg. TC reference interval 
values were as follows: desirable levels <5.59 mmol/L, borderline levels 5.59–6.45 
mmol/L, high levels ≥6.45 mmol/L. LDL-C reference interval values were as follows: 
desirable levels <3.30 mmol/L, borderline levels 3.30–3.85 mmol/L, high levels ≥3.85 
mmol/L. TG reference interval values were as follows: desirable levels <2.82 mmol/L, 
high levels ≥2.82 mmol/L. HDL-C reference interval values were as follows: low levels 
<0.80 mmol/L, desirable levels ≥0.80 mmol/L.
Conclusion: The reference interval values of BP, FPG, and BL are different between the 
longevity population and the non-longevity population, and the interval values change with 
increasing age.
Keywords: longevity, blood pressure, fasting plasma glucose, blood lipids, reference 
interval values
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Introduction
The number of aging people worldwide will gradually 
increase in the coming decades.1 It is predicted that by 
the next decade, roughly one in three citizens of the 
world’s industrialized countries will be over 65 years 
old.2 In light of the rapid economic development in 
China and further improvements in people’s living stan-
dards and their physical fitness, life span in the Chinese 
population has been extended.3 However, the problems of 
aging could result in both economic problems and social 
anxiety, such as slower economic development4 and enor-
mous health care challenges.5 Compared to other coun-
tries, the aging rate in China is currently moderate; its rate 
is faster than in most developed countries and slower than 
other East Asian countries except for North Korea and 
Mongolia.3 Therefore, more attention should be paid to 
research on healthy aging.

An analysis showed that various biochemical indices 
were significantly associated with physical function, mor-
bidity, and mortality, which means these patterns represent 
differences in the process of biological aging, and the 
trends in such biochemical indices may have an associa-
tion with age.6 Several studies have found a higher pre-
valence of overweight among longevity individuals in 
both men and women7 and a possible correlation between 
total cholesterol (TC) levels or body mass index (BMI) 
levels and the state and quality of life in the longevity 
adults.8 Furthermore, complex structural and functional 
modifications occur in the arterial system with advancing 
age.9 Gao demonstrated that compared with young adults, 
older adults had an impaired coronary vasodilatory 
response to acute cold stress.10 In addition, a study 
showed that the levels of fasting plasma glucose (FPG) 
could rise by 0.06 mmol/L per decade among adults over 
50 years old.11

Given the information above, the FPG, blood pressure 
(BP), and blood lipid (BL) interval values among the 
longevity population may be different from those under 
age 90. In order to avoid the misdiagnosis of disease, drug 
abuse, and poor bodily function in the longevity people 
and to improve their living quality, new FPG, BP, and BL 
reference interval values in the longevity population 
should be established. To meet this aim, we conducted 
this study to provide a reference for the establishment of 
new FPG, BP, and BL interval values among longevity 
people to promote healthy strategies for healthy aging.

Materials and Methods
Subjects
This study was carried out based on data collected in an 
ongoing longitudinal study of a natural longevity cohort in 
Guangxi, China, with an age range of 20–110 years old. 
A total of 7417 participants were included in the present 
study, with 4309 (58.1%) men and 3108 (41.9%) women, 
of which 7093 (94.02%) were defined as non-longevity 
group (20–89 years old); 324 (5.98%) were defined as the 
longevity group (≥ 90 years old), according to the defini-
tion of the joint committee of Japan Gerontological 
Society and the Japan Geriatrics Society.12 The exclusion 
criteria were as follows: (1) longevity subjects who were 
bedridden; (2) patients with a previous diagnosis of dia-
betes or hypertension and undergoing treatment, which 
may have an impact on the results; (3) subjects with 
abnormal liver or kidney function or history of other 
serious and chronic diseases. The study was conducted in 
accordance with the Declaration of Helsinki,13 and the 
protocol was approved by the Ethics Committee of 
Beijing Hospital. All subjects signed the informed consent 
forms.

Measurements
Blood was collected from all subjects after they had been 
fasting for at least 8 hours, and blood samples were drawn 
using anticoagulant blood collection tubes containing 1% 
edetate (EDTA), stored at −80°C and then sent to Jiangbin 
Hospital in Guangxi Province for analysis. FPG, TC, TG 
(triglycerides), LDL-C (low-density lipoprotein choles-
terol), and HDL-C (high-density lipoprotein cholesterol) 
were measured according to standard laboratory proce-
dures. Height and weight were measured using a uniform 
standard measurement tool, and BMI was calculated as 
bodyweight (kg) divided by squared body height (m2). 
Waist circumference was measured using a non-elastic 
plastic measuring tape from the midpoint to the nearest 
0.1 cm of waist circumference. After resting for at least 10 
minutes, systolic blood pressure (SBP) and diastolic blood 
pressure (DBP) were measured in the right arm of partici-
pants, using a mercury-column sphygmomanometer.

Stratification Criteria for FPG, BP, and BL
Stratification criteria were as follow: (1) FPG stratification 
criteria (WHO, 1999):14 normal blood glucose FPG < 6.1 
mmol/L, impaired fasting blood glucose 6.1 mmol/L ≤ 
FPG < 7.0 mmol/L, high FPG ≥ 7.0 mmol/L; (2) BP 
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stratification criteria (ISH, 2020):15 normal blood pressure 
SBP < 130 mmHg and DBP < 85 mmHg, normal high 
blood pressure 130 mmHg ≤ SBP ≤ 139 mmHg or 85 
mmHg ≤ DBP ≤ 89 mmHg, hypertension SBP ≥ 140 
mmHg or DBP ≥ 90 mmHg; (3) BL stratification criteria 
(China, 2016 revised edition):16 desirable levels TC < 5.2 
mmol/L, LDL-C < 3.4 mmol/L, TG < 1.7 mmol/L; border-
line levels 5.2 mmol/L ≤ TC < 6.2 mmol/L, 3.4 mmol/L 
≤LDL-C < 4.1 mmol/L, 1.7 mmol/L≤ TG < 2.3 mmol/L, 
high levels TC ≥ 6.2 mmol/L, LDL-C ≥ 4.1 mmol/L, TG ≥ 
2.3 mmol/L; low levels HDL-C < 1.0 mmol/L.

Statistical Analysis
All analyses were performed using SPSS 16.0 software, 
and graphs were plotted using GraphPad Prism 8.0.1 soft-
ware. The Shapiro–Wilk test was conducted to determine 
the type of distribution of all continuous variables, pre-
senting them as mean (standard deviation) or median 
(interquartile range) depending on normal or non-normal 
distribution, respectively. Qualitative variables are pre-
sented as frequency (percentage). The Mann–Whitney 
U-test was used to determine the differences in quantita-
tive data, and the chi-squared test was used to determine 
the differences in categorical data. Linear regression was 
performed to determine which factors (among FPG, BMI, 
SBP, DBP, TG, TC, HDL-C, and LDL-C) correlated with 
age. We defined FPG, SBP, DBP, TC, and LDL-C levels 
below the 75th percentile (P75) as desirable levels, 75th to 
90th percentile (P75–P90) as borderline levels, and above 
P90 as high levels; TG levels above P90 were defined as 
high levels; and HDL-C levels below the 5th percentile 

(P5) were defined as low levels.17 We plotted the change 
in P75 values for each index in the age 20 to 110 group at 
5-year intervals. Statistical significance was assessed at 
two-tailed P = 0.05 level.

Results
Characteristics of the Subjects
Characteristics of the Guangxi healthy residents recruited 
in this study, as stratified by age, are shown in Table 1. All 
subjects were between 20 and 110 years old, and we found 
that the height, weight, waist circumference, BMI, FPG, 
SBP, DBP, TG, TC, and LDL-C were significantly differ-
ent in the longevity population compared with the non- 
longevity population (P < 0.05). The height, weight, waist 
circumference, BMI, TG, TC, and LDL-C were lower in 
the longevity than in the non-longevity population.

Correlation Between the Levels of BMI, 
FPG, BP, BL, and Age
We calculated the correlation between the levels of BMI, 
FPG, BP, BL, and age, as shown in Table 2. Age was 
positively correlated with SBP, DBP, FPG, TC, HDL-C, and 
LDL-C, while age was negatively correlated with BMI. 
Figure 1 shows the trends of different indices with age from 
20 to 110 years old, and we found that BMI levels signifi-
cantly fell after age 85–89 years and remain relatively stable 
in the longevity population (Figure 1A). SBP levels gradually 
increased with age (Figure 1B); DBP levels remained rela-
tively stable after 90–94 years old, and an increase was seen 
in the longevity population compared with the non-longevity 

Table 1 Baseline Characteristics

Characteristics Non-Longevity Longevity z P

N 7093 324 – –
Male (%) 59.5 27.2 – –

Height (cm) 162.00 (11.0) 145.00 (11.0) −25.48 < 0.001

Weight (kg) 62.00 (13.5) 38.00 (11.0) −27.77 < 0.001
Waist (cm) 80.00 (12.0) 71.00 (13.0) −15.96 < 0.001

BMI (kg/m2) 23.66 (3.7) 18.52 (4.5) −22.68 < 0.001

FPG (mmol/L) 5.00 (0.8) 5.07 (1.9) −2.12 0.034
SBP (mmHg) 120.00 (22.0) 145.50 (27.0) −18.62 < 0.001

DBP (mmHg) 77.00 (12.0) 80.00 (18.0) −5.98 < 0.001
TG (mmol/L) 1.20 (0.7) 1.07 (0.8) −4.40 < 0.001

TC (mmol/L) 5.15 (1.3) 4.84 (1.5) −5.29 < 0.001

HDL-C (mmol/L) 1.40 (0.3) 1.41 (0.7) −0.69 0.490
LDL-C (mmol/L) 2.85 (1.1) 2.80 (0.6) 2.65 0.008

Note: Values are presented as median (IQR). 
Abbreviation: IQR, Interquartile Range.
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population (Figure 1C). The lowest FPG levels were found at 
85 years old with a rapid rise up to 90 years old, and FPG 
levels in the longevity population showed a decrease around 
100 years old, followed by a rapid increase with increasing 
age (Figure 1D). TC and HDL-C levels were highest at ages 

85–89 and remained stable in the longevity population, and 
the TC levels in the longevity population were lower than that 
in non-longevity population (Figure 1E and G). TG levels 
showed a downward trend after ages 85–89 (Figure 1F); 
LDL-C levels gradually decreased at 80–84 years old, and 
their lowest value was found at 95 years old (Figure 1H).

Distribution of FPG, BP, and BL in the 
Non-Longevity and the Longevity Groups
Table 3 shows that there were significant differences in the 
distribution of FPG, SBP, DBP, TC, TG, HDL-C, and LDL- 
C between the non-longevity and the longevity groups (P < 
0.05). The proportion of the longevity population who had 
high FPG levels was larger than in the non-longevity popu-
lation (15.1% vs 2.0%, P < 0.001). The percentage of the 
longevity population who had high SBP and DBP levels was 
larger than in the non-longevity population (64.5% vs 

Figure 1 Relation between age and the P75 levels of BMI, FPG, BP, BL. (A) The association of age with P75 levels of BMI. The longevity had lower BMI levels; (B and C) The 
association of age with P75 levels of SBP and DBP. SBP and DBP levels in the longevity subjects were higher than in other subjects; (D) The association of age with P75 levels 
of FPG. The longevity subjects had higher FPG levels; (E–H) The association of age with P75 levels of TC, TG, HDL-C, and LDL-C. The BL levels were different between 
longevity people and others.

Table 2 The Correlations Between Several Indices and Age

Indices Age

r P

BMI −0.160 < 0.001

SBP 0.392 < 0.001
DBP 0.111 < 0.001

FPG 0.131 < 0.001

TC 0.070 < 0.001
TG 0.009 0.418

HDL-C 0.056 < 0.001

LDL-C 0.074 < 0.001
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18.7%, P < 0.001; 24.4% vs 12.7%, P < 0.001). The propor-
tion of the longevity population who had high TC levels was 
smaller than in the non-longevity population (14.8% vs 
16.3%, P = 0.002); in terms of low HDL-C levels, the 
proportion of the longevity population was larger than in 
the non-longevity population (16.0% vs 0.7%, P < 0.001), 
and a larger proportion of the longevity population had high 
TG and high LDL-C levels compared with the non-longevity 
population (13.0% vs 10.2%, P = 0.027; 7.7% vs 5.0%, P = 
0.019).

Establishment of Reference Interval 
Values for BP, FPG, and BL in the 
Longevity Population
Table 4 shows the reference interval values for BP, FPG, and 
BL in the longevity population (90–110 years old). The desir-
able reference levels were as follows: FPG < 6.15 mmol/L; 
SBP < 160.00 mmHg; TC < 5.59 mmol/L; LDL-C < 3.30 
mmol/L; TG < 2.82 mmol/L; HDL-C ≥ 0.80 mmol/L. The 
reference interval values for FPG, SBP, TC, and TG were 
higher than their standard values, while the reference interval 
values for LDL-C and HDL-C were lower than their standard 
values.

Discussion
In most societies, the presence of a longevity population 
has always been considered a sign of health, especially for 
those who live to over 100 years of age and delay or avoid 
life-threatening illness.18 Considering the increasing num-
ber of aging people and the need for healthy aging, it is 
important to improve the accuracy in assessment and diag-
nosis of chronic diseases in the longevity people in order 
to improve their quality of life. Because of a certain degree 
of decline in somatic function in the longevity population, 
it is not reasonable to diagnose hyperlipidemia, hyperten-
sion, and hyperglycemia based on the conventional cri-
teria; however, there are no unified reference interval 
values for BP, FPG, and BL in the longevity population. 
Based on the above reasons, we conducted this study to 
examine the current status of BP, FPG, and BL levels of 
the longevity people in China and sought to establish their 
reference interval values.

Ravindrarajah showed that among elderly people (≥ 80 
years old), higher mortality was associated with SBP < 
120 mmHg rather than frailty status, gender, or antihyper-
tensive treatment.19 This study may explain the fact that 
participants with lower SBP were vulnerable to mortality. 

Table 3 The Distribution of Several Indicators in the Non-Longevity Population and the Longevity Population

Biochemical Indicators Non-Longevity Longevity χ2 P

FPG (mmol/L) < 6.10 6617 (93.3%) 236 (72.8%) 251.68 < 0.001
6.10–7.00 332 (4.7%) 39 (12.0%)

≥ 7.00 144 (2.0%) 49 (15.1%)

SBP (mmHg) < 130.00 4555 (64.2%) 58 (17.9%) 419.95 < 0.001
130.00–139.00 1209 (17.0%) 57 (17.6%)
≥ 140.00 1329 (18.7%) 209 (64.5%)

DBP (mmHg) < 85.00 5583 (78.7%) 209 (64.5%) 42.19 < 0.001
85.00–89.00 608 (8.6%) 36 (11.1%)

≥ 90.00 902 (12.7%) 79 (24.4%)

TC (mmol/L) < 5.20 3674 (51.8%) 199 (61.4%) 12.43 0.002
5.2–6.2 2264 (31.9%) 77 (23.8%)

≥ 6.20 1155 (16.3%) 48 (14.8%)

TG (mmol/L) < 1.70 5418 (76.4%) 253 (78.1%) 7.26 0.027
1.70–2.30 955 (13.5%) 29 (9.0%)

≥ 2.30 720 (10.2%) 42 (13.0%)

HDL-C (mmol/L) < 1.00 52 (0.7%) 52 (16.0%) 525.75 < 0.001
≥ 1.00 7041 (99.3%) 272 (84.0%)

LDL-C (mmol/L) < 3.40 5760 (81.2%) 244 (75.3%) 7.97 0.019
3.40–4.10 976 (13.8%) 55 (17.0%)

≥ 4.10 357 (5.0%) 25 (7.7%)
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Healthy elderly people may have higher SBP levels, which 
is consistent with our results. A review described the 
process of arterial aging and showed that the decrease in 
distensibility and elasticity of the arterial wall led to 
a reduction in vascular compliance, resulting in an 
increase in SBP levels.9 Furthermore, aging was also 
accompanied by a decrease in the cellularity of the tunica 
media and an increase in thickness.20 According to our 
results, the reference interval value of SBP was categor-
ized into three subgroups: desirable < 160.00 mmHg; 
borderline 160.00–174.50 mmHg; and high ≥ 175.00 
mmHg.

In addition, a study showed that the FPG levels in the 
longevity population were slightly higher than the levels in 
the non-longevity population,21 and the FPG levels tended to 
increase with age,22 which is consistent with our results. With 
aging, human somatic functions start to naturally degenerate, 
leading to a decrease in the ability to secrete insulin by 
pancreatic islet cells, which may result in the trend of increas-
ing FPG levels.22 Meanwhile, Shi showed that the FPG 
levels in elderly people who were exposed to particulate 
matter PM2.5 for a long time were likely to increase.23 And 
according to Figure 1, We found that the FPG levels in the 
longevity population showed a different tendency. Therefore, 

the mechanism of blood glucose regulation needs further 
study in the longevity population.

The results of this study demonstrated that the longevity 
people had a much lower BMI. Studies from the United 
States and Australia showed that higher BMI was associated 
with a substantial decrease in life expectancy, more so for 
whites than for blacks, especially for men in early 
adulthood.24–27 BMI is often used to measure weight status 
or nutritional health status. Regarding BL, we found that TC 
levels were lower in the longevity population, and the pro-
portion of the longevity population with high TC levels was 
lower than that in the non-longevity population, while the 
trend in TC levels was positively correlated with age. As 
shown in Figure 1E, we observed that TC levels in the long-
evity population were higher than those in people 20 to 30 
years old but lower than those in people from 35 to 85 years 
old. The positive correlation between TC levels and age was 
seen for the entire age range from 20 to 110 years. For non- 
longevity healthy people, HDL-C was maintained at 
a relatively high and stable level. However, having the apo-
lipoprotein E (APOE) gene in the longevity people was 
positively correlated with higher HDL-C levels,28,29 espe-
cially in those with the APOE 3 homozygote, while those 
without the APOE gene showed a low level of HDL- 

Table 4 Reference Interval Values for FPG, BP and BL of Longevity (≥ 90 Years-Old) and Their Standard Values

Indicators Longevity Standard Values

FPG (mmol/L) Desirable level < 6.15 mmol/L < 6.10 mmol/L
Borderline value 6.15–7.45 mmol/L 6.10–7.00 mmol/L

High value ≥ 7.45 mmol/L ≥ 7.00 mmol/L

SBP (mmHg) Desirable level < 160.00 mmHg < 130.00 mmHg
Borderline value 160.00–174.50 mmHg 130.00–139.00 mmHg
High value ≥ 175.00 mmHg ≥ 140.00 mmHg

DBP (mmHg) Desirable level < 88.00 mmHg < 85.00 mmHg
Borderline value 88.00–90.00 mmHg 85.00–89.00 mmHg

High value ≥ 90.00 mmHg ≥ 90.00 mmHg

TC (mmol/L) Desirable level < 5.59 mmol/L < 5.20 mmol/L
Borderline value 5.59–6.45 mmol/L 5.20–6.20 mmol/L

High value ≥ 6.45 mmol/L ≥ 6.20 mmol/L

LDL-C (mmol/L) Desirable level < 3.30 mmol/L < 3.40 mmol/L
Borderline value 3.30–3.85 mmol/L 3.40–4.10 mmol/L

High value ≥ 3.85 mmol/L ≥ 4.10 mmol/L

TG (mmol/L) Desirable level < 2.82 mmol/L < 2.30 mmol/L
High value ≥ 2.82 mmol/L ≥ 2.30 mmol/L

HDL-C (mmol/L) Low value < 0.80 mmol/L < 1.00 mmol/L
Desirable level ≥ 0.80 mmol/L ≥ 1.00 mmol/L
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C. A previous study revealed that the dietary components of 
the longevity people in Guangxi province were low in 
energy, fat, salt, and cholesterol, contributing to lower BMI, 
which may be one of the main reasons for the low BMI in the 
longevity people.30 Moreover, it is known that HDL-C has 
antioxidant proprieties, and elevated HDL-C levels are 
related to anti-atherogenic effects.31,32 Furthermore, Shi 
found that the serum concentration of HDL-C was nonli-
nearly correlated with all-cause or cardiovascular mortality 
in the longevity population, and a higher HDL-C serum 
concentration may not be protective.33 Cullen showed that 
decreased HDL-C levels and increased TC, LDL-C, and TG 
levels were important predictors of cardiovascular events.34 

These studies support our results: while the differences were 
not significant, HDL-C levels in longevity people were 
slightly higher than in non-longevity people, and TG 
levels were decreased in centenarians. However, the TC 
levels decreased at around 85 years old, and LDL-C levels 
decreased in 90–99 year-olds, then they increased in 
centenarians.

However, the sample size of healthy longevity people that 
met the experimental inclusion criteria was relatively small, 
so there may be some limitations in applicability, but this 
study was the first to our knowledge to focus on the establish-
ment of new BP, FPG, and BL reference interval values in the 
longevity people, which could provide reference levels for 
future studies. Furthermore, because there were no previous 
reports on the development of criteria for the longevity 
population and the research methods were relatively lacking, 
we used the methodology found in other studies, and further 
research is still needed to confirm the findings. Finally, 
because our data were cross-sectional, the categories consid-
ered (desirable, borderline, or high) cannot reflect the risk of 
cardiovascular disease or another disease that interferes with 
health status without relevant cohort studies.

Conclusion
In conclusion, our results revealed that there are differ-
ences in FPG, BP, and BL levels in the longevity popula-
tion compared with the non-longevity population, and they 
change with increasing age. This study provides an initial 
reference for establishing interval values for FPG, BP, and 
BL in the longevity population, which could help in diag-
nosing related diseases in this group.
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