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Abstract 

Aims: This cross-sectional study aimed to investigate triglyceride level among Chinese elderly 

population with different diabetic progressions and related factors of triglyceride. 

Methods: Study participants (≥65 years) were recruited from a nationwide cross-sectional surveillance 

and were divided into four subgroups according to diabetic progression. Their information was 

obtained via questionnaire and physical examination. Their lipids in fasting serum samples were 

analyzed. 

Results: The serum triglyceride levels (mmol/L, mean±SD) were 1.3±0.8 (subgroup of no prediabetes 

and no DM), 1.5±1.0 (subgroup of prediabetes), 1.6±1.1 (subgroup of newly diagnosed DM) and 

1.7±1.1 (subgroup of previously diagnosed DM), respectively. Only one female participant had a 

higher triglyceride than upper limit for prevention of acute pancreatitis (11.0 mmol/L). However, 

23.1% of participants and 34.8% of DM participants had higher triglyceride than upper limit for 

prevention of cardiovascular diseases (<1.7 mmol/L). Triglyceride level was positively correlated with 

diabetic progression (rs=0.17, p<0.01). Age, gender, waist-to-height ratio (rather than BMI), systolic 

pressure, serum total cholesterol and HDL-C levels were statistically correlated with triglyceride level 

for total participants (R
2
=0.39, p<0.01). 

Conclusions: Aggravation of serum triglyceride level was related to diabetic progression in Chinese 

elderly population. Triglyceride control was unsatisfactory in Chinese elderly population, especially in 

elderly population with DM. 

Keywords: triglyceride; prediabetes; diabetes mellitus; waist-to-height ratio 

1. Introduction 

Because of the high prevalence and the severity of health effects in elderly population, diabetes 

mellitus (DM) is becoming a crucial public health issue in China. It was estimated that approximately 

25% of elderly population have DM,
1
 and the prevalence of type 2 DM in Chinese elderly population 

(≥60 years) was 20.4% between 2007 and 2008.
2
 Data from “global burden of disease study 2010” 

showed DM caused 160.1 (95% uncertainty interval: 123.7-176.2) thousand deaths in 2010 in China, 

which provided over 1.9% of total deaths caused by 231 statistical diseases / injuries.
3 
Furthermore, old 

DM patients had higher rates of coexisting illnesses, such as cardiovascular diseases (CVDs), than 

other old adults.
1
 Prediabetes, which contained impaired fasting glucose (IFG) and impaired glucose 

tolerance (IGT), was considered as a transitional phase from normal glycemic metabolism to DM and 
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indicated an increased risk for the future progression of DM.
4
 The estimated prevalence of prediabetes 

in Chinese adults was 50.1%,
5 

which indicated the prevalence of DM in China would still increase in 

decades. 

Hypertriglyceridemia was often regarded as an epiphenomenon of metabolic syndrome, which 

subsequently developed into DM.
6
 However, recent study revealed that sustained increment of serum 

triglyceride (TG) was an independent risk factor for DM and prediabetes, even the level of TG was in 

the accepted normal range.
7
 The elevated TG also interacted with other risk factors in promotion of 

DM.
8
 Furthermore, hypertriglyceridemia can promote CVDs, especially for person with DM,

6,9
 and it 

would be a more important risk factor of CVDs than other dyslipidemia in Asian population.
10

 Acute 

pancreatitis (AP) was another consequence of hypertriglyceridemia,
11

 which accounts for 1% to 4% of 

total cases of AP.
12

 Standards of medical care in diabetes (2017) drafted by American Diabetes 

Association pointed out that the DM patients with severe hypertriglyceridemia (fasting TG level >1000 

mg/dL) would receive pharmacological therapy to reduce the risk of AP.
11

 In China, type 2 DM 

patient’s upper limits of fasting TG for prevention of AP and of CVDs were 11.0 mmol/L and <1.7 

mmol/L, respectively,
2
 and general adult’s cut point of desirable fasting TG for prevention of CVDs 

was also <1.7 mmol/L.
13

 

Various factors were related to TG level, such as gene polymorphisms,
14,15,16

 insulin resistance,
17

 

alcohol abuse,
18

 and abnormal dietary patterns.
19,20

 Obviously, the research on related factors of TG 

would be helpful to determine the main reasons of hypertriglyceridemia in further prospective study, 

and also would contribute to discover other abnormalities if hypertriglyceridemia was diagnosed. 

Because of the aforementioned relationships among TG level, DM and diabetic coexisting illnesses, 

DM would progress with gradually elevated TG level. However, the nationwide study about TG 

distribution among elderly population with different diabetic progression in China was not found, and 

the main reasons of hypertriglyceridemia in Chinese elderly population would be also still unknown. 

Therefore, relevant data from the first nationwide cross-sectional nutrition and health surveillance of 

China (2010-2012) were examined in this study to investigate the distribution and to analyze the related 

factors of serum TG in Chinese elderly population. 

2. Study participants, Materials and Methods 

2.1. Study participants 

A national representative sample of Chinese general population was selected by the nutrition and 
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health surveillance. In brief, 150 survey sites (i.e. 150 districts / counties), which covered major 

geographic areas of all 31 provincial level administrative units in mainland China, were determined. 

All survey sites were stratified by four socioeconomic locations: metropolis (34 survey sites), small and 

mid-sized cities (41 survey sites), general rural area (45 survey sites) and poor rural area (30 survey 

sites). Six communities / villages were selected from each survey site based on population 

proportionate sampling and then 75 families were selected randomly from each community / village. 

The elderly members (≥65 years) from all selected families who had no previously diagnosed 

dyslipidemia were defined as the participants of this study (those who had previously diagnosed 

dyslipidemia were excluded, because the type of previously diagnosed dyslipidemia did not distinguish 

in the surveillance). The study was conducted according to the guidelines laid down in the Declaration 

of Helsinki and its successive amendments. All procedures were approved by the Ethical Committee of 

the Chinese Centre for Disease Control and Prevention. Written informed consents were obtained from 

all study participants. 

All study participants were required to complete an investigator-led questionnaire about their basic 

and health information. Moreover, all selected families belonged to the same community / village were 

divided into three groups (25 families / group) according to the geographic distance among them, and 

the study participants from one random group out of the three groups were required to complete an 

additional food frequency questionnaire (FFQ), which included the information on their consumption 

of common food in the latest year and of culinary oil in the latest month. The common food listed in 

the FFQ was classified as the following categories in this study: staple foods, marine fish, freshwater 

fish, shellfish, meat / poultry, animal organs, eggs, milk / dairy products, vegetables and fruits. 

2.2. Physical examination 

All study participants completed a physical examination after an overnight fast of 10 ~ 14 hours. The 

examination included measurements of height, fasting body weight, fasting waist circumference and 

blood pressure. Body mass index (BMI) was calculated according to height and fasting body weight. 

Fasting waist circumference of each study participant was measured 2 times and the mean was 

calculated as the participant’s fasting waist circumference. Waist-to-height ratio (WHtR) was defined as 

fasting waist circumference (cm) divided by height (cm), and abdominal obesity was defined as a 

WHtR of 0.60 or higher in this study, because fasting waist circumference “does not take differences in 

height into account”.
21

 Systolic and diastolic pressures were measured consecutively at right arm 3 
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times with a 30-seconds interval between measurements with the participant in a seated position after 5 

minutes of rest by adjusted mercury sphygmomanometer, and then the mean of blood pressure was 

calculated. 

2.3. Clinical and biochemical measurement 

The fasting blood samples were collected during the physical examination, and the serum was 

processed via centrifugation (1500 g, 15 min). Study participants without previously diagnosed DM 

accepted an additional oral glucose tolerance test. Their blood samples were re-collected at 2 hours 

after the intake of 75 g glucose dissolved in 300 ml water, and their serum was processed by 

aforementioned method. The concentrations of TG, glucose, total cholesterol (TC) and high density 

lipoprotein cholesterol (HDL-C) in serum were analyzed by GPO-HMMPS glycerol blanking method, 

hexokinase G-6-PDH method, cholesterol oxidase-HMMPS method and direct determination method, 

respectively. All analyses were executed by Hitachi 7600 automated biochemical analyzer, and all 

reagents were produced by Wako Pure Chemical, Ltd. According to China guideline for type 2 diabetes, 

DM was defined as a fasting plasma glucose (FPG) of 7.0 mmol/L or higher, or oral glucose tolerance 

test 2 hours-plasma glucose (OGTT 2h-PG) of 11.1 mmol/L or higher; IFG was defined as a FPG of 6.1 

mmol/L to 7.0 mmol/L and an OGTT 2h-PG of which the value was lower than 7.8 mmol/L; IGT was 

defined as a FPG of which the value was lower than 7.0 mmol/L and an OGTT 2h-PG of 7.8 mmol/L to 

11.1 mmol/L; a participant who suffered from IFG or IGT was defined as a prediabetic participant.
2
 In 

this study, the concentration of glucose in serum was applied to be as the diagnostic criteria of DM, 

IFG and IGT, because the plasma samples for glycemic analysis were unavailable. The upper limit of 

fasting serum TG for prevention of CVDs was <1.7 mmol/L,
2,13

 and of AP was 11.0 mmol/L.
2
 Study 

participants whose TG level exceeded these upper limits were considered to be at high risk of CVDs or 

AP in this study. 

Study participants were divided into four subgroups according to their progression stages of DM: 

subgroup of no prediabetes and no DM, subgroup of prediabetes, subgroup of newly diagnosed DM, 

and subgroup of previously diagnosed DM. 

2.4. Statistical analysis 

Continuous variables were expressed as means and standard deviation (SD) according to central 

limit theorem, because the number of study participants of each subgroup was sufficiently large. 

Categorical variables were expressed as percentages. Chi-square test was applied to analyze the 
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differences of prevalence among subgroups. Cochran-Armitage test for trend was applied to analyze if 

prevalence increased / decreased with diabetic progression. The application of t test or satterthwaite t 

test for analysis of the differences between two genders was depended on whether variances are equal 

or not. ANOVA or Kruskal-Wallis test was applied to analyze the differences of continuous variables 

among subgroups, and Student-Newman-Keuls test or Dwass-Steel-Critchlow-Fligner method was 

applied to analyze intergroup differences according to whether variances are equal or not. Spearman’s 

rank correlation (rs) was applied to access the relationship between continuous and rank variables. The 

statistically significant related factors of serum TG were analyzed by multiple linear regression with 

stepwise selection method. A value for p<0.05 was considered to indicate statistical significance. All 

statistical analyses were carried out by Statistical Analysis System 9.3 (SAS Institute Inc., Cary, NC, 

U.S.). 

3. Results 

3.1. Information on study participants 

This study recruited 15744 participants, which provided 78.3% of elderly surveillance participants 

(the other 21.7% of elderly surveillance participants had previously diagnosed dyslipidemia (n=1425), 

or did not complete questionnaire and / or physical examination). The study participants numbers of 

four subgroups were 10495 (subgroup of no prediabetes and no DM), 2783 (subgroup of prediabetes), 

1099 (subgroup of newly diagnosed DM), and 1367 (subgroup of previously diagnosed DM), 

respectively. The prediabetes and DM patients provided 17.7% and 15.7% of total study participants, 

respectively. The female prevalence of prediabetes (p<0.01) and DM (p<0.01) were statistically higher 

than male prevalence. The prevalence of previously diagnosed DM of metropolis was statistically 

higher than of other locations (p<0.01), and the prevalence gradually increased in order of poor rural 

area, general rural area, small / mid-sized cities and metropolis (p for trend: <0.01). There was no 

statistical difference among four locations with respect to the prevalence of newly diagnosed DM 

(p=0.54). The study participants from general rural area had the highest prevalence of prediabetes 

(p<0.01). Relevant information was presented in Table 1. 

3.2. Results of physical examination 

The concentrations of fasting serum glucose of study participants with newly and previously 

diagnosed DM were 7.6±2.1 mmol/L and 7.6±2.6 mmol/L, respectively, and there was no statistical 

difference between them (p=0.66). Over 80% of study participants with previously diagnosed DM 



AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

ACCEPTED MANUSCRIPT

accepted pharmacologic treatment (n=1146). However, over half of participants with previously 

diagnosed DM had an over-limit fasting serum glucose (n=690), and 52.5% of participants with 

previously diagnosed DM who accepted pharmacologic treatment still had an over-limit fasting serum 

glucose (n=602). 

There was no statistical difference of prevalence of underweight (BMI≤18.5) between two genders 

(men: 7.36%; women: 6.96%; p=0.34). However, female BMI (23.8±3.8) and WHtR (0.54±0.07) were 

statistically higher than male BMI (23.1±3.3) and WHtR (0.51±0.06) (p<0.01, for both BMI and 

WHtR). The prevalence of abdominal obesity was 9.3% (subgroup of no prediabetes and no DM), 

14.8% (subgroup of prediabetes), 17.8% (subgroup of newly diagnosed DM), and 20.8% (subgroup of 

previously diagnosed DM), respectively, and the prevalence increased with the progression of DM (p 

for trend: <0.01). The subgroup of previously diagnosed DM had the highest height (p<0.01), fasting 

body weight (p<0.01), fasting waist circumference (p<0.01), BMI (p<0.01), WHtR (p<0.01), and the 

lowest fasting serum HDL-C (p<0.01). The WHtR was positively correlated with diabetic progression 

(total study participants: rs=0.21, p<0.01; men: rs=0.22, p<0.01; women: rs=0.18, p<0.01). The results 

of physical examination were presented in Table 2. 

3.3. Dietary information 

A total of 4653 study participants completed the FFQ (men: 2337; women: 2316). The numbers of 

study participants without prediabetes and DM, with prediabetes, with newly diagnosed DM, and with 

previously diagnosed DM were 3064, 843, 344, 402, respectively. The main culinary oil consumed by 

investigated study participants were rapeseed oil, soybean oil, arachis oil and animal fats. These oils 

provided 95.0% of total consumption of culinary oil. There were no statistical differences among 

subgroups with respect to consumption of freshwater fish (p=0.48), animal organs (p=0.44), vegetables 

(p=0.09), soybean oil (p=0.06) and arachis oil (p=0.05). The dietary pattern of subgroup of previously 

diagnosed DM was significantly different with of other subgroups: this subgroup had the lowest 

average consumption of staple foods (1853 g/week, p<0.01), fruits (578 g/week, p=0.03), rapeseed oil 

(53 g/week, p=0.03) and animal fats (10 g/week, p<0.01), but the highest average consumption of 

marine fish (97 g/week, p<0.01), shellfish (46 g/week, p<0.01), meat / poultry (483 g/week, p<0.01), 

eggs (288 g/week, p<0.01) and milk / dairy products (613 g/week, p<0.01). 

3.4. Fasting serum TG level 

There was only one study participant whose serum TG was higher than upper limit for prevention of 
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AP (11.0 mmol/L). Her serum TG was 11.3 mmol/L and she was from the subgroup of previously 

diagnosed DM. 

The prevalence of study participants with higher serum TG than upper limit for prevention of CVDs 

(<1.7 mmol/L) were 19.0% (subgroup of no prediabetes and no DM), 28.3% (subgroup of prediabetes), 

33.0% (subgroup of newly diagnosed DM), and 36.2% (subgroup of previously diagnosed DM), 

respectively. This prevalence increased with the progression of DM (Figure 1, p for trend: <0.01, for 

total study participants, male and female participants, respectively). The prevalence was 23.1% in total 

study participants and 34.8% in study participants with DM (including previously and newly diagnosed 

DM). 

The TG level of two DM subgroups was statistically higher than of other subgroups (p<0.01), and 

there was no statistical difference between two DM subgroups (p=0.13). Female means of serum TG 

were statistically higher than male means in each subgroup (p<0.01 for each subgroup). The serum TG 

level was positively correlated with the progression of DM (total study participants: rs=0.17, p<0.01; 

male study participants: rs=0.15, p<0.01; female study participants: rs=0.17, p<0.01). More detailed 

information on serum TG level among different subgroups was presented in Table 3. 

3.5. Related factors of fasting serum TG 

Age, gender, BMI, WHtR, systolic pressure, diastolic pressure, fasting serum TC, fasting serum 

HDL-C and all food categories / culinary oil listed in subsection 3.3 were regarded as potential related 

factors of fasting serum TG in this study. 

Information on age, gender, BMI, WHtR, systolic pressure, diastolic pressure, fasting serum TC and 

fasting serum HDL-C were available from total study participants (n=15744). The model was adjusted 

by fasting serum glucose. Age, gender, WHtR, systolic pressure, fasting serum TC and fasting serum 

HDL-C were statistically significant related factors of fasting serum TG (p for the model: <0.01, 

R
2
=0.39). BMI and diastolic pressure did not enter into the model. 

Information on age, gender, BMI, WHtR, systolic pressure, diastolic pressure, fasting serum TC and 

fasting serum HDL-C were available from study participants who accepted OGTT-2hPG (n=14377, 

study participants with previously diagnosed DM did not experience OGTT). The model was adjusted 

by fasting serum glucose and OGTT-2hPG. The statistically significant related factors of this model 

were exactly the same as the factors of the model for total study participants (p for the model: <0.01, 

R
2
=0.39). BMI and diastolic pressure did not enter into the model. 
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Information on age, gender, BMI, WHtR, systolic pressure, diastolic pressure, fasting serum TC, 

fasting serum HDL-C and all food categories / culinary oil listed in subsection 3.3 were available from 

study participants who accepted FFQ (n=4653). The model was adjusted by fasting serum glucose. The 

statistically significant related factors of this model were exactly the same as the factors of the model 

for total study participants (p for the model: <0.01, R
2
=0.39). BMI, diastolic pressure and all food 

categories / culinary oil listed in subsection 3.3 did not enter into the model. 

The information on models for total study participants (n=15744) and for study participants who 

accepted OGTT (n=14377) was presented in Table 4. 

4. Discussion 

Hypertriglyceridemia is the risk factor of both DM and CVDs.
6,7,9

 Meanwhile, DM was also a 

definite risk factor of CVDs,
22

 and the increment of fasting and postprandial plasma glucose were also 

associated with an increased risk for CVDs, even though the person did not suffer from DM.
23

 All of 

these demonstrated the direct and indirect pathogenesis of TG in promotion of CVDs. Furthermore, the 

hypertriglyceridemia-induced lipid deposit in pancreas was supposed to play a crucial role in 

progression of AP.
24

 The increment of lipase activity during AP resulted in accelerated decomposition 

of fat tissue with subsequent release of TG in blood,
25

 which formed the vicious circle and further 

aggravated AP. Our results showed that only one woman from total of 15744 study participants had 

higher serum TG concentration than upper limit for prevention of AP, which indicated that Chinese 

elderly population without previously diagnosed dyslipidemia would have relatively low risk of AP. 

However, over 30% of DM participants and over 20% of total study participants had high risk to suffer 

from TG-related CVDs, and the TG level of participants with previously diagnosed DM was as high as 

the level of participants with newly diagnosed DM, all of these indicated that the control of TG 

appeared to be unsatisfactory in Chinese elderly population, especially in elderly population with DM. 

The questionnaire just investigated if the surveillance participants suffered from dyslipidemia, but 

did not distinguish the type of previously diagnosed dyslipidemia, which meant that the information 

from surveillance participants with previously diagnosed dyslipidemia would be confounding factor 

during the analysis of related factors of serum TG, because we can not determine if their serum TG was 

affected by some unknown factors, such as TG-lowering agents. Therefore, these surveillance 

participants were excluded from this study. 

There is no United Nations (UN) standard numerical criterion of an elderly or older person, and the 
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UN agreed cutoff is 60+ years to refer to the older population.
26

 Taking into account the fact that “most 

developed world countries have accepted the chronological age of 65 years as a definition of 'elderly' or 

older person”,
26

 we applied 65 years as the cutoff to define elderly person in this study, because we 

considered that our results would be comparable with other similar studies around the world. 

The relatively high rate of pharmacologic treatment and the significantly different dietary pattern 

compared to other subgroups indicated that study participants with previously diagnosed DM were 

concerned about their health conditions and took measures to respond to DM. However, over half of 

those participants still had an over-limit fasting blood glucose, and there was no statistical difference of 

fasting serum glucose between subgroups of newly and previously diagnosed DM, which indicated that 

the glycemic control in Chinese elderly DM patients appeared to be unsatisfactory. 

All study participants would not take active measures to control their TG because they had no 

previously diagnosed dyslipidemia, however, glucose-lowering medications had various effects on TG 

level: some of them exerted TG-lowering effects (e.g. exenatide
27

 and pioglitazone
28

), and some other 

elevated TG level (e.g. bile acid sequestrants
6,28

). The surveillance questionnaires did not refer to the 

type of glucose-lowering medications. Therefore, the effects of these medications on TG can not be 

assessed in this study. However, the unsatisfactory glycemic control in subgroup of previously 

diagnosed DM indicated the effect of pharmacologic treatment appeared to be slight in this study. 

Marine-derived n-3 polyunsaturated fatty acids (n-3 PUFAs), but not plant-based n-3 PUFAs, 

actually exert TG-lowering effects in many cases.
6,29

 There were various mechanisms of action of 

marine-derived n-3 PUFAs, for example, EPA and DHA can suppress SREBP-1,
30

 and regulate the 

expression levels of some enzymes which play crucial roles in endogenous synthesis of TG.
15

 These 

indicated that participants who had higher consumption of marine fish would be more likely to have a 

relatively low serum TG level. However, n-3 PUFA supplementation appeared to be not always 

effective,
31

 because some other factors may attenuate or eliminate marine-derived n-3 PUFA-induced 

effects, such as single nucleotide polymorphisms.
14,15,16

 Furthermore, some fat-soluble contaminants 

existed in edible part of marine fish (e.g. DLCs) may impair lipid metabolism,
32

 which would 

counteract the benefits from n-3 PUFAs. The concentrations of some fat-soluble contaminants tended 

to be relatively high in some marine fish.
33,34

 These could partially be the reasons why marine fish 

consumption could not affect serum TG in our study. All of the aforementioned facts indicated that 

benefit risk assessment and species-specific effects would be considered during the dietary 
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recommendation of marine fish. 

The endogenous metabolisms of lipids and glucose, and systolic pressure can be affected by same 

factors.
27,35

 “Glycemic control may also beneficially modify plasma lipid levels”, particularly in DM 

patients with high TG.
10

 These would be the reason why systolic pressure, some blood lipids (e.g. 

fasting serum HDL-C) and diabetic progression were correlated with fasting serum TG in this study. 

The correlation indicated that TG level would result from the interactions of many metabolic 

components in vivo, and TG level would be as an indicator of holistic health condition. Therefore, 

although metabolic disorder of TG is the most obvious characteristic of persons with 

hypertriglyceridemia, these persons would also concern metabolic abnormalities of other components. 

An effective obesity management can delay the progression of DM and also produce clinically 

meaningful reduction in TG in type 2 DM patients.
36

 Our study showed that WHtR, rather than BMI, 

was statistically significant related factor of serum TG, which indicated a higher TG level would be 

related to abdominal obesity rather than general obesity in Chinese elderly population. For the reason 

for carefulness, study participants should concern their body weight and waist circumference to avoid 

any type of obesity, especially those participants with DM. There was statistical correlation between 

WHtR and BMI (r=0.78, p<0.01), which would be the reason why BMI would be a statistically 

significant related factor of serum TG if WHtR was unavailable (beta=0.01, p<0.01). 

Estrogen could regulate lipid metabolism via partition of lipid metabolism toward oxidation and 

away from storage in the form of TG.
37

 Female elderly people appeared to be more prone to suffer from 

menopause-mediated endocrine disorders, for example, the prevalence of obesity in female elderly 

people was statistically higher than in male counterparts.
38

 Our results also found higher BMI and 

WHtR in female participants, which was in general accordance with the aforementioned study. 

Therefore, the change of secretion of estrogen would be the reason why female was a risk factor for 

elevated serum TG in elderly population. 

An interesting discovery of this study was that serum TG level was negatively correlated with age in 

elderly population. However, we do not regard older age as a protective factor. Actually, we considered 

that the senility may attenuate the capability of lipid metabolism, including the capability of 

endogenous synthesis of TG, though the detailed mechanism remains to be studied. Our data showed 

that both fasting serum TC (p=0.27) and HDL-C (p=0.08) had no correlation with age among elderly 

people (These did not presented as results in this article), which indicated that senility would affect 
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metabolism of TG to a larger extent than of other blood lipids. 

In conclusion, the current study found that the diabetic progression was positively related to the 

elevated TG level in Chinese elderly population. Chinese elderly population without previously 

diagnosed dyslipidemia would have relatively low risk of severe-hypertriglyceridemia-induced AP. 

However, over 20% of them had relatively high risk to suffer from TG-related CVDs, and the 

prevalence was even higher (over 30%) in subpopulation of DM. These showed that TG control was 

unsatisfactory in Chinese elderly population, especially in elderly population with DM. Age, genders, 

abdominal obesity (rather than general obesity), systolic pressure, fasting serum TC and HDL-C were 

statistically related to fasting serum TG in elderly population in China. 
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Figure 1. The correlation between prevalence of participants with higher serum TG than upper limit for 

prevention of CVDs (%) and progression of DM 
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Table 1. Demographics of study participants (n=15744) 

 

Number of 

study 

participants 

Subgroups (% of the row) 

no prediabetes and no 

DM 

prediabetes 

newly 

diagnosed DM 

previously 

diagnosed DM 

Gender      

Men 7759 68.6 16.8 6.9 7.8 

Women 7985 64.8 18.6 7.1 9.6 

Ethnic groups      

Han 14667 65.8 18.0 7.2 8.9 

The other ethnic groups 1077 77.8 12.7 3.9 5.6 

Age intervals (years)      

65~ 6733 69.5 16.3 6.5 7.7 

70~ 4798 65.4 18.0 6.6 9.9 

75~ 2859 65.4 18.6 7.1 8.8 

80~ 1354 59.7 21.3 10.1 8.9 

Locations      

Metropolis 3639 58.1 17.4 7.1 17.4 

Small/mid-sized cities 4721 66.5 17.1 7.3 9.0 

General rural area 4989 68.5 19.6 6.8 5.1 

Poor rural area 2395 76.2 15.1 6.5 2.2 
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Table 2. Information on physical examination of study participants from different subgroups (n=15744) 

 Gender Subgroups 

no prediabetes and no DM prediabetes newly diagnosed DM previously diagnosed DM 

mean SD mean SD mean SD mean SD 

Height (cm) Overall 157.4 b 8.7  156.5 c 8.6  156.8 c 8.7  158.7 a 8.4  

Men 163.1 b 6.7  162.6 b 6.9  162.8 b 6.5  165.2 a 6.4  

Women 151.5 b 6.4  151.2 b 6.0  151.1 b 6.3  153.6 a 5.9  

Fasting body 

weight (kg) 

Overall 57.4 d 10.8  58.6 c 11.2  60.3 b 12.0  63.4 a 10.5  

Men 60.7 d 10.4  62.4 c 11.1  63.9 b 11.8  68.0 a 10.0  

Women 53.9 d 10.1  55.4 c 10.3  56.9 b 11.2  59.7 a 9.4  

Fasting waist 

circumference 

(cm) 

Overall 80.7 d 10.2  83.3 c 10.4  85.1 b 10.5  87.7 a 9.6  

Men 81.2 d 10.0  83.8 c 10.4  85.7 b 10.4  89.2 a 9.5  

Women 80.3 d 10.3  82.8 c 10.4  84.5 b 10.5  86.6 a 9.5  

BMI Overall 23.1 d 3.5  23.9 c 3.7  24.4 b 4.0  25.1 a 3.4  

Men 22.8 d 3.2  23.5 c 3.5  24.0 b 3.6  24.9 a 3.1  

Women 23.4 d 3.7  24.1 c 3.8  24.8 b 4.2  25.3 a 3.5  

WHtR Overall 0.51 d 0.06  0.53 c 0.07  0.54 b 0.07  0.55 a 0.06  

Men 0.50 d 0.06  0.52 c 0.06  0.53 b 0.06  0.54 a 0.06  

Women 0.53 c 0.07  0.55 b 0.07  0.56 a 0.07  0.56 a 0.06  

Systolic 

pressure 

(mmHg) 

Overall 136 c 22  139 b 22  141 a 22  138 b 22  

Men 135 c 22  138 b 21  140 a 21  136 bc 23  

Women 137 c 22  139 b 22  142 a 24  140 b 22  

Diastolic 

pressure 

(mmHg) 

Overall 79 b 12  80 b 12  81 a 12  78 c 12  

Men 80 b 12  80 ab 12  81 a 12  78 c 12  

Women 79 b 12  80 ab 12  81 a 12  78 c 12  

Fasting serum 

TC (mmol/L) 

Overall 4.8 d 1.0  4.9 b 1.0  5.1 a 1.1  4.9 c 1.0  

Men 4.5 c 0.9  4.8 b 0.9  4.9 a 1.1  4.6 c 0.9  

Women 5.0 c 1.0  5.1 ab 1.0  5.2 a 1.1  5.0 bc 1.0  

Fasting serum 

HDL-C 

Overall 1.2 a 0.3  1.2 a 0.4  1.2 b 0.4  1.1 c 0.3  

Men 1.2 ab 0.3  1.2 a 0.4  1.2 b 0.4  1.1 c 0.3  
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(mmol/L) Women 1.3 a 0.3  1.2 b 0.3  1.2 b 0.3  1.1 c 0.3  

The means with different letters in the same row denote statistical differences among subgroups, and 

the mean values decrease gradually in alphabetical order. 

 

 

 

Table 3. Serum TG level (mmol/L) among different subgroups (n=15744) 

 Subgroups 

 no prediabetes and no DM prediabetes newly diagnosed DM previously diagnosed DM 

 mean SD mean SD mean SD mean SD 

Overall 1.3 c 0.8  1.5 b 1.0  1.6 a 1.1  1.7 a 1.1  

Gender         

Men 1.2 c 0.7  1.3 b 0.9  1.5 a 1.1  1.6 a 1.1  

Women 1.4 c 0.8  1.6 b 1.0  1.8 a 1.1  1.8 a 1.1  

Age intervals (years)         

65~ 1.3 c 0.8  1.6 b 1.1  1.8 a 1.3  1.8 a 1.3  

70~ 1.3 c 0.8  1.4 b 0.9  1.5 a 1.0  1.6 a 1.0  

75~ 1.2 c 0.8  1.4 b 1.0  1.6 a 1.2  1.6 a 0.9  

80~ 1.2 c 0.6  1.3 c 0.7  1.5 b 0.9  1.6 a 1.0  

Locations         

Metropolis 1.4 c 0.8  1.6 b 0.8  1.8 a 1.2  1.7 ab 1.1  

Small / mid-sized cities 1.3 c 0.8  1.4 b 0.9  1.7 a 1.1  1.7 a 1.0  

General rural area 1.2 d 0.8  1.4 c 1.0  1.6 b 1.3  1.8 a 1.1  

Pool rural area 1.2 b 0.8  1.4 b 1.1  1.3 b 0.9  1.9 a 1.6  

The means with different letters in the same row denote statistical differences among subgroups, and 

the mean values decrease gradually in alphabetical order. 
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Table 4. The statistically significant related factors of serum TG 

Related factors and intercept Model for total study participants 

(n=15744, adjusted by fasting serum 

glucose) 

Model for study participants except for subgroup 

of previously diagnosed DM (n=14377, adjusted 

by fasting serum glucose and OGTT-2hPG) 

Beta P valve Standardized beta Beta P valve Standardized beta 

Age (years) -0.01 <0.01 -0.05 -0.01 <0.01 -0.05 

Female participants
a
 0.11 <0.01 0.06 0.11 <0.01 0.06 

WHtR 0.61 <0.01 0.05 0.56 <0.01 0.04 

Fasting serum TC (mmol/L) 0.38 <0.01 0.42 0.37 <0.01 0.42 

Fasting serum HDL-C (mmol/L) -1.39 <0.01 -0.53 -1.33 <0.01 -0.53 

Systolic pressure (mmHg) 0.001 <0.01 0.03 0.001 <0.01 0.04 

Intercept
b
 0.86 <0.01 - 0.94 <0.01 - 

a 
The reference group was male participants.

 

b
 The “-” in the row of intercept denotes that intercept has no standardized beta. 
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Highlights 

1. This study found aggravation of fasting serum triglyceride level was related to diabetic progression 

in a national representative elderly population (≥65 years) of China. 

2. The TG control was unsatisfactory in Chinese elderly population, especially in elderly population 

with DM. 

3. The statistically significant related factors of fasting serum TG were age, gender, waist-to-height 

ratio (rather than BMI), systolic pressure, fasting serum total cholesterol and fasting serum high 

density lipoprotein cholesterol in the national representative elderly population. 


