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Editorial 

Healthy China 2030: 

Primary Health 

Challenges 
doi:10.36316/gcatr.01.0014 

On June 24, 2019, the State Council of China has issued the 
opinions on "Implementing Healthy China Action" (Appen-
dix). This document will mark a milestone of turning the 
vision and action into the implementation of the ambitious 
healthy program, aiming to fight chronic diseases across 
the nation of China. It is the second nation-wide healthcare 
movement, following the mass "patriotic health campai-
gns" in the third quarter of last century (1955-1975) aimed 
at improving the low level of environmental sanitation and 
hygiene and attacking certain diseases in particular infect-
ious diseases after the founding of the new China. The Opi-
nions highlights a specific task for the implementation to 
achieve the goals of "Healthy China 2030" plan, which is 
drafted by the cooperation of over 20 departments of the 
central government and also a response to global commit-
ment (1). The plan has been regarded as a vision set for a 
significantly expanded health industry that would become 
a mainstay of the national economy1. Preventing and cont-
rolling major chronic diseases, rising in the populations 
due to socio-economic transition over past decades, is the 
primary goal of Healthy China 2030 (2). 

Over the past four decades, there has been a significant 
change in the pattern of disease burden. Stroke, ischemic 
heart disease, and lung cancer have been the top three 
causes of death in China from 1990 to 2017 (Figure 1) (3); 
In the meantime, musculoskeletal disorders, mental health 
disorders, and sense organ diseases were the three leading 
causes of the years lived with disability in 2017, which may 
also cause some indirect cost of health care (Figure 2).  
Looking to the future, one can view that China will face 
multiple health challenges, which should be of primary 
focus for the healthy China 2030.  

The imbalance between socioeconomic development and 
population aging 

Over the past decades there has been a rapid socioecon-
omic development in China. However, the average income 
per capita is still relatively low. In the meantime, the popu-
lation aging in China is acelerated and mostly induced by 
the early implementation of the family planning policy 

                                                           
1 https://healthpolicy.pharma.bayer.com/healthy-china-
2030-an-institutional-reshuffle-to-improve-healthcare-
quality-and-prices-in-china/ 

rather than by socioeconomic development that the West-
ern countries had experienced. The imbalance between 
socioeconomic development and population aging will 
cause a considerable burden for the society of China. For 
example, lacking good social security and the public elderly 
care system is a big problem for caring the "baby boomer" 
in the 1960s who will enter the elderly in the next 5-10 
years. Older adults are more fragile to chronic diseases and 
have a higher risk of developing cancer. Early detec-tion 
and diagnosis is the key to reduce the burden and the risk 
of chronic diseases. 

Industrialization, urbanization, and environmental pollu-
tions 

China is still in the stage of industrialization and urbani-
zation, which has caused severe ecological problems. Whi-
le no exact estimates, the environmental hazards surely 
contribute to a certain fraction of the etiology of chronic 
diseases, including cancer and cardiovascular diseases. 
However, reducing the risk factors in the environment is 
no easy task and will take a long time to observe a sign-
ificant benefit of health. Also, the rapid increase in urban-
ization, particularly the massive construction of housing 
and office buildings may have generated environmental 
risks for human health. The new buildings and furnishings, 
with a lack of awareness of the hazards from the constr-
uction, have raised concerns. Studies have indicated that 
prenatal exposure to outdoor air pollution or indoor reno-
vation increased the risk of intrauterine inflammation(4) 
and early childhood ear infection(5). The environmental 
pollutions in the air, water, or soil are more significant 
health threats to the specific group of populations, such as 
pregnant women, children and the elderly, who are fragile 
and may have a long-term effect on health. 

Occupational health 

Occupational health has become a challenge due to the inc-
reased number of workers exposed to occupational haz-
ards each year. For example, the number of new cases with 
pneumoconiosis has been doubled over the past 20 years 
(6)(Figure 3). According to the economic analysis of cases 
with pneumoconiosis during the end of the 20th century, 
the estimated financial losses associated with pneumoco-
niosis account for approximately 0.4% of the gross nation-
nal product in China. Occupational safety and health prog-
rams are urgently needed. 

Infections and chronic inflammations 

While acute infectious diseases have been under controls 
due to the mass health campaigns in the last century, 
chronic inflammation with infectious agents has been sign-
ificant. The infection of hepatitis B and C virus is a consi-
derable burden in China. According to the World Health 
Organization, China has the highest prevalence of HBV 
infection in the world. It is estimated that 90 million people 
in China currently have chronic hepatitis B (HBV), and 

http://www.gcatresearch.com/
https://healthpolicy.pharma.bayer.com/healthy-china-2030-an-institutional-reshuffle-to-improve-healthcare-quality-and-prices-in-china/
https://healthpolicy.pharma.bayer.com/healthy-china-2030-an-institutional-reshuffle-to-improve-healthcare-quality-and-prices-in-china/
https://healthpolicy.pharma.bayer.com/healthy-china-2030-an-institutional-reshuffle-to-improve-healthcare-quality-and-prices-in-china/
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approximately 10 million people live with chronic heapti-
tis C (HCV). One-quarter of these people are in urgent need 
of treatment due to advanced disease2. Also, the two-third 
people in China infected with Helicobacter pylori (7), 
which is found as the cause of stomach ulcer that may 

increase the risk of stomach cancer. Moreover, HIV in 
China has become a new challenge. China accounts for 3% 
of new HIV infections each year; there a sharp rise in new 
infections was reported, with 40,000 in the second quarter 
of 20183.  

 

Figure 1. The years of life lost (YLLs) by leading cause of death in China in 1990 and 2017 

 

 

Figure 2. The year of life with a disability (YLDs) by the leading cause of death in China in 1990 and 2017 

                                                           
2 WHO. Up to 10 million people in China could die from chronic 
hepatitis by 2030—urgent action needed to end the silent 
epidemic’. 2016. 

ttp://www.wpro.who.int/china/mediacentre/releases/2016/20
160727china-world-hepatitis-day/en/ (accessed July 25, 2019). 
3 https://www.avert.org/professionals/hiv-around-world/asia-
pacific/china (Accessed July 25, 2019). 

http://www.gcatresearch.com/
https://www.avert.org/professionals/hiv-around-world/asia-pacific/china
https://www.avert.org/professionals/hiv-around-world/asia-pacific/china
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Figure 3. Number of new cases of pneumoconiosis from 2000 to 2014 

Different from the first national health movement targ-
eting the acute infectious diseases, each of which may have 
a unique, infectious agent, the Healthy China program is to 
focus on various risk factors, and each of individuals may 
contribute to a small proportion of the risk. It may need to 
build a health management-oriented Primary Health Care 
as an infrastructure. Traditional Chinese Medicine in China 
can play a valuable role in the prevention and management 
of chronic diseases.  
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ABSTRACT 

Background: Both genetic and epidemiological studies have indicated that environmental factors play an essential role in 
the development of autism spectrum disorder (ASD). We conducted this study to identify maternal exposure to 
environmental factors, in particular during the fetal development or perinatal period, associated with ASD. 
Methods: Two independent samples of children with ASD and typical developed (TD) were from distinct regions in China. 
Multiple logistic regression analysis was performed to identify factors associated with ASD in each sample and then in the 
combined sample. 
Results: Five factors were consistently associated with ASD in both samples. In the combined sample, maternal chemical 
exposure (odds ratio [OR] =4.50; 95% CI: 2.38-8.52), use of medication (OR = 3.19; 95% CI: 2.19-4.65), maternal infection 
(OR = 2.68; 95% CI: 1.99-3.61), threatened abortion (OR = 2.37; 95% CI: 1.61-3.50), and induced abortion before having 
the child (OR = 2.07; 95% CI: 1.65-2.60) showed strong associations with ASD; moreover, five factors explained 10-15% of 
the variation in the risk of ASD. A significant interaction between maternal infection and the use of medication during 
pregnancy was consistently detected in both independent and combined samples together. 
Conclusion: Two novel risk factors of maternal chemical exposure and induced abortion may have important implications 
for understanding the etiology of ASD, particularly in China. Prospective studies are needed to validate these findings, and 
necessary interventions are recommended to reduce the risk of ASD. 

KEYWORDS 

Autism spectrum disorder, chemical exposure, induced abortion, maternal infection.  

INTRODUCTION 

Autism spectrum disorder (ASD) is a childhood-onset 
neurodevelopmental disorder and has lifelong and exten-

                                                             
* Correspondence to Jingping Zhao, zhaojingping@csu.edu.cn; Fengyu Zhang, zhangfy@gcatresearch.org  

sive effects on its victims and their families (1-3). The 
diagnosis of ASD is made more often in boys than in girls. 
While autism is heritable, only a limited number of comm-
on genetic variants have been associated with ASD (4-6). A 

http://www.gcatresearch.com/
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recent population-based representative family study with 
whole-genome genotyped SNP data shows that 52% of the 
risk for autism is attributed to common variants (7). More-
over, a large number of de novo rare mutations or copy 
number of variants have been discovered in children with 
autism in samples from multiple populations, includ-ing 
China (8, 9).  

Among the various environmental factors associated with 
ASD, maternal exposure to environmental factors during 
the prenatal period is considered a primary focus for 
investigation (10). Previous studies have associated pren-
atal stress, maternal infection, maternal conditions and 
perinatal characteristics, such as threatened abortion, an 
abnormal term of delivery, and cesarean delivery, with ASD 
(11-13). However, there are studies with inconsis-tencies. 
For example, a large-scale study did not provide consistent 
evidence for prenatal stress as a risk factor for autism (14). 
Also, the potential mechanism that maternal infection 
linked to ASD has been indicated. Prenatal viral infections 
have been associated with the risk of ASD (15); a meta-
analysis of 15 studies that included more than 40,000 ASD 
cases also showed an association of prenatal infections 
with the risk of autism (11). Maternal infection that causes 
peripheral immune dysregulation can begin in fetal deve-
lopment and continue to adulthood (16), and it may cause 
ASD through maternal immune activation (MIA).  

However, very few epidemiological studies of ASD have 
been conducted in China where a rapid social and econo-
mic transition has occurred in the past decades. The rapid 
increase in industrialization and urbanization, particularly 
the massive construction of housing and office buildings, 
began in the late 20th century and may have generated 
additional environmental risks for human diseases, inclu-
ding ASD. The new buildings and furnishings, with a lack of 
awareness of health risk from the construction, have raised 
concerns. Previous studies have indicated that prenatal 
exposure to outdoor air pollution or indoor renovation 
increased the risk of intrauterine inflammation (17) and 
early childhood ear infection (18). Moreover, induced 
abortion, which is likely associated with intra-uterine infla-
mmation, has become a legal procedure commonly avail-
able in society due to the massive implementation of the 
family planning program in the 1980s. 

We conducted this study to identify new environmental 
factors, in particular, maternal exposure during the fetal 
development and perinatal period, associated with ASD. 
The initial sample of patients with ASD used in this study 
was from the first national research program on the gen-
etic study of autism(4), with a further interview and recur-
itment of healthy controls to collect the relevant history of 
maternal exposure and reproductive history. An indep-
endent sample of cases and controls were also collected for 
replication from a distinct region of China. 

METHODS 

Study design  

Two independent samples of ASD and typical developed 
(TD) children were from distinct regions of China. One 

from the south of China served as a discovery sample, and 
the other from the north of China served as a replication 
sample. The sample size required for an adequate power of 
80% to detect a risk factor was calculated to guide the 
subject recruitment. The ethics committee of the Second 
Xiangya Hospital of the Central South University approved 
this study, which was conducted between January 2008 
and December 2016. The guardians of all participants 
provided written informed consent before enrollment. 

Ascertainment of cases and controls 

Case-parent triad family samples were initially recruited 
for genetic studies through a multicenter clinical network 
for ASD, which comprised multiple public or private scho-
ols for special education and hospital outpatient clinic, 
mostly located in the urban areas of China (4, 19). The 
cases and controls of the south sample were from the same 
city in Changsha, Hunan. The north sample was mainly 
from Qingdao, Shandong. Children with ASD met a diagn-
osis of Autistic Disorder or Pervasive Developmental Dis-
order-not otherwise specified (PDD-NOS) at a local hospi-
tal, which was confirmed by a senior child psychiatrist of 
the Second Xiangya Hospital at schools or outpatient accor-
ding to the Diagnostic and Statistical Manual of Mental 
Disorders, Fourth Edition, Text Revision (DSM-IV-TR). Sub-
sequently, an independent child psychiatrist of the Second 
Xiangya Hospital confirmed the diagnosis with a self-
design semi-structured interview, including a parent inter-
view in which a psychiatrist reviewed the child’s symptom 
list with parents and conducted an interview with the child 
(20). We excluded the children with an inconsistent diagn-
osis of Asperger in this study. Typical developed (TD) 
children without a family history of ASD were recruited 
from regular kindergarten classes as controls in the same 
or adjacent provinces and matched for age. TD children 
were those who performed well in a kindergarten or pri-
mary school without parents or teachers reporting severe 
learning, emotional, behavioral, or social problems. Head 
of the class teachers conducted the interviews with TD 
children according to the instruction and a list of criteria 
for TD defined for this study. 

Instrument and data collection 

A structured questionnaire was used to collect information 
on children and their parents. The information collected 
included the general conditions of children and parents 
maternal pregnant and prenatal conditions, and child dev-
elopment, history of diseases and medications. The data 
collection mainly focused on the history of pregnancy and 
prenatal exposure to adverse events, such as chemi-cals 
(e.g., paint, benzene, and lead), prenatal stress, history of 
abortions and diseases, particularly maternal infection and 
use of medication during pregnancy, birth or perinatal 
conditions. Teachers or research associates sent a self-
reported structured questionnaire with detailed instruct-
tions to the parents; a trained investigator sub-sequently 
contacted the parents to complete the ques-tionnaire and 
forms. Also, parental age and level of parental educations 
were used to control for potential confounding. Data were 
entered using the Portable Document Format Form and 
then exported into a database file. 
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Statistical analysis 

The frequency of all single variables was examined to 
detect potential data errors, and recording was performed 
when necessary for analysis. A cross-tabulation of the 
single variable by ASD status was used to assess the stat-
istical association using the Chi-square or Fisher's exact 
test. Stepwise logistic regression was performed to select 
variables that may be associated with ASD in each sample 
separately and the combined sample. The threshold p-
value for a variable entering and removing from the model 
was 0.15. Nagelkerke's R2 measured the variation in the 
risk of disease explained by risk factors in a logistic 
regression (21). 

RESULTS 

Prenatal environmental factors associated with ASD 

Table 1 presents the frequency of individual variables by 
ASD and TD in both samples. There were 582 children with 
ASD and 414 TD children in the discovery sample and 821 
ASD and 489 TD children in the replication sample. Acco-
rding to a power calculation, each sample was able to pro-
vide an adequate power of 80% to detect a risk factor with 
an intermediate effect size for an association (Figure S1). 
There was no significant difference in the mean age of the 
ASD and TD children or their parents (Table S1). 

Table 1. Frequency of variables by case and control in both discovery and replication samples 

 Code Category 

Discovery (South)   Replication (North)  

TD, n (%) ASD, n (%) P  TD, n (%) ASD, n (%) P 

Demographics          
 Residence 1 City 349 (84.30) 476 (81.79) 0.300  421 (86.09) 706 (85.99) 0.959 
   2 County 65 (15.70) 106 (18.21)   68 (13.91) 115 (14.01)   
 Gender 1 Boy 214 (51.69) 510 (87.63) <0.001  274 (56.03) 696 (84.77) <0.001 
   2 Girl 200 (48.31) 72 (12.37)   215 (43.97) 125 (15.23)   
 Father's education 1 < high school 21 (5.53) 98 (16.98) <0.001  32 (6.54) 109 (13.33) <0.001 
  2 High school 57 (15.00) 95 (16.46)   89 (18.20) 151 (18.46)   
   3 >high school 302 (79.47) 384 (66.55)   368 (75.26) 558 (68.22)   
 Mother's education 1 < high school 30 (7.94) 120 (20.73) <0.001  55 (11.34) 134 (16.44) 0.002 
   2 High school 70 (18.52) 128 (22.11)   92 (18.97) 190 (23.31)   
   3 > high school 278 (73.54) 331 (57.17)   338 (69.69) 491 (60.25)   

Abortion history          
 Induced abortion 1 Yes 123 (29.71) 238 (40.89) <0.001  107 (21.88) 352 (42.87) <0.001 
   2 No 291 (70.29) 344 (59.11)    382 (78.12) 469 (57.13)   

 Spontaneous abortion 1 Yes 22 (5.31) 52 (8.93) 0.032  23 (4.70) 74 (9.01) 0.004 
   2 No 392 (94.69) 530 (91.07)    466 (95.3) 747 (90.99)   
Adverse events           
 Chemical exposure  1 Yes 12 (2.90) 48 (8.25) <0.001  3 (0.62) 71 (8.65) <0.001 
   2 No 402 (97.10) 534 (91.75)   481 (99.38) 750 (91.35)   
 Maternal infection  1 Yes 62 (14.98) 188 (32.3) <0.001  29 (5.98) 255 (31.06) <0.001 
  2 No 352 (85.02) 394 (67.7)    456 (94.02) 566 (68.94)   
 Other diseases 1 Yes 25 (6.04) 59 (10.14) 0.022  29 (5.93) 61 (7.43) 0.299 
   2 No 389 (93.96) 523 (89.86)    460 (94.07) 760 (92.57)   
 Use of medications* 1 Yes 25 (6.04) 136 (23.37) <0.001  30 (6.13) 186 (22.66) <0.001 
  2 No 389 (93.96) 446 (76.63)    459 (93.87) 635 (77.34)   
 Threatened abortion 1 Yes 28 (6.76) 98 (16.84) <0.001  23 (4.71) 115 (14.01) <0.001 
  2 No 386 (93.24) 484 (83.16)    465 (95.29) 706 (85.99)   

Psychosocial stress          

 Mild emotional problem 1 Yes 50 (12.08) 120 (20.62) <0.001  34 (6.95) 191 (23.26) <0.001 
  2 No 364 (87.92) 462 (79.38)    455 (93.05) 630 (76.74)   
 Severe emotional problem 1 Yes 41 (9.90) 77 (13.23) 0.109  6 (1.24) 131 (15.96) <0.001 
  2 No 373 (90.10) 505 (86.77)   477 (98.76) 690 (84.04)   
 Traumatic event 1 Yes 13 (3.14) 68 (11.68) <0.001  28 (5.73) 100 (12.18) 0.001 
   2 No 401 (96.86) 514 (88.32)    721 (87.82)   

Perinatal condition           
 Term of delivery 0 NA 29 (7.00) 14 (2.41) 0.012  8 (1.64) 16 (1.95) <0.001 
  1 Premature 17 (4.11) 46 (7.90)   17 (3.48) 75 (9.14)   
  2 Post-term  11 (2.66) 30 (5.15)   13 (2.66) 54 (6.58)   
  3 Full-term   357 (86.23) 492 (84.54)   451 (92.23) 676 (82.34)   
 Method of delivery 1 Natural 170 (41.06) 196 (33.68) <0.001  199 (40.70) 281 (34.23) <0.001 
  2 Cesarean 183 (44.20) 327 (56.19)    206 (42.13) 447 (54.45)   
  3 Assisted 61 (14.73) 59 (10.14)    83 (16.97) 93 (11.33)   
 First delivery 1 Yes 390 (94.20) 545 (93.64) 0.716  375 (81.52) 774 (94.28) <0.001 
    2 No 24 (5.80) 37 (6.36)    85 (18.48) 47 (5.72)   

*mainly antibiotics and traditional Chinese medicine for anti-flu; Premature delivery, <37 weeks, post-term delivery, ≥42 weeks) 

We noted a significant difference in the frequency of multi-
ple factors between the ASD and TD children. In the disco-
very sample, the mothers of the ASD children had more 
likelihood than the TD mothers of experiencing an induced 
abortion before having the child (40.9% vs. 29.7%), mater-

nal chemical exposures (8.3% vs. 2.9%), maternal infect-
ion (32.3% vs. 15.0%), use of medication mainly including 
antibiotics and traditional antiviral Chinese medicine (23.4% 
vs. 6.0%), a threatened abortion (16.8% vs. 6.8%), a trau-
matic event (11.7% vs. 3.1%, respectively), an abnormal 
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term of delivery, such as premature or post-term (13.1% vs. 
6.8%), cesarean delivery (56.2% vs. 44.2%), and suffering 
from a mild emotional problem (20.6% vs. 12.1%, respect-
tively) or a severe emot-ional problem (13.2% vs. 9.9%). 
These factors were signi-ficantly associated with ASD 
(p<0.05); moreover, they were consistent in the replication 
sample. 

Multiple logistic regression analysis showed that five fact-
ors were associated with ASD in both samples. In the disco-
very sample, we identified through stepwise logistic regr-
ession analysis that maternal chemical exposure, use of 
medication, threatened abortion, maternal infection, indu-
ced abortion before having the child, and suffering from a 
traumatic event were significantly associated with ASD 
(p<0.05); moreover, most of these factors showed stronger 
associations in the replication sample (Table 2). The asso-
ciation of suffering from a traumatic event during pregn-
ancy with ASD in the discovery sample (odds ratio [OR] 
=2.63; 95% CI: 1.32-5.24) was not consistently associated 
with ASD in the replication sample; however, we noted that 
another measure, suffering from a severe emotional prob-
lem, was significantly associated with ASD in the replic-
ation sample (OR = 14.89; 95% CI: 5.66-39.13), with a large 
effect size. Both a traumatic event and severe emotional 
problem measured maternal psychological stress, and they 
were correlated with each other in both the discovery (OR 

=2.63; p=0.013) and replication (OR=3.10; p<0.001) sam-
ples in our data. Furthermore, the first delivery appears 
associated with the risk of ASD in the replication sample 
(OR=4.63; 95% CI: 2.84-7.54). These five factors consis-
tently associated with ASD in both samples, account-ted for 
9.60% and 15.02%, respectively, of the variation in the risk 
of ASD, according to the measure of Nagelkerke’s R2. 

In the combined sample, all five factors showed a stronger 

association with the risk of ASD, and this was expected as the 

sample size increased. The frequency of a single variable was 

summarized for the combined sample (Table S2). We showed 

through a stepwise logistic regression analysis that mater-
nal chemical exposure was strongly associated with the 
risk of ASD (OR = 4.50; 95% CI: 2.38-8.52) (Table 2); mod-
erate effect sizes were also observed with the use of medi-
cation during pregnancy (OR=3.19; 95% CI: 2.19-4.65), 
maternal infection (OR=2.68; 95% CI:1.99-3.61), threat-
ened abortion (OR = 2.37; 95% CI: 1.61-3.50), and induced 
abortion (OR=2.07; 95% CI: 1.65-2.60) for association with 
ASD. Five factors explained approximately 16% of the 
variation in the risk of ASD in the combined sample. Addit-
ional factors, such as suffering from a severe emotional 
problem, and perinatal conditions, such as the term of 
delivery, the method of delivery and first delivery, were 
significantly associated with ASD (P<0.001) (Table S3). 

Table 2. Multiple logistic regression estimates of risk factors in both discovery and replication samples 

    Discovery    Replication    Combined   

  OR 95%CI P  OR 95% CI P  OR 95%CI  P 

Demographics           
Gender (Boy) 7.11 (5.01,10.07) <0.001  4.66 (3.37, 6.46) <0.001  5.58 (4.41, 7.07) <0.010 
Father's education             

 Less than HS 2.75 (1.59,4.78) 0.003  3.71 (2.12, 6.48) <0.001  3.00 (2.04, 4.42) <0.001 
 High school 1.37 (0.90,2.07) 0.420  1.23 (0.83, 1.83) 0.041  1.28 (0.97, 1.70) 0.062 
 More than HS (Ref)            

Abortion history            
 Induced abortion 1.57 (1.14,2.17) 0.006  2.59 (1.89, 3.56) <0.001  2.07 (1.65, 2.60) <0.001 

Adverse events            
 Chemical exposure 2.77 (1.34,5.75) 0.006  8.47 (2.46,29.14) <0.001  4.50 (2.38, 8.52) <0.001 
 Maternal infection 1.72 (1.18,2.51) 0.005  4.17 (2.56, 6.81) <0.001  2.68 (1.99, 3.61) <0.001 
 Use of medication 2.93 (1.74,4.91) <0.001  3.37 (1.98, 5.75) <0.001  3.19 (2.19, 4.65) <0.001 
 Threatened abortion 2.20 (1.32,3.69) 0.004  2.66 (1.48, 4.79) 0.001  2.37 (1.61, 3.50) <0.001 

Psychosocial stress            
 Severe emotional     14.9 (5.66, 39.13) <0.001  2.58 (1.70, 3.91) <0.001 
 Traumatic event 2.63 (1.32, 5.24) 0.006      1.52 (0.97, 2.37) 0.066 

Term of delivery            
 Premature     2.87 (1.45, 5.71) 0.127  2.55 (1.57, 4.13) 0.065 
 Post-term      2.49 (1.17, 5.32) 0.358  2.34 (1.37, 4.00) 0.193 
 Full-term (Ref)            

Methods of delivery            
 Natural         1.40 (1.00, 1.95) 0.464 
 Cesarean         1.64 (1.19, 2.25) 0.004 
 Assisted (Ref)            

First delivery     4.63      3.27 (2.24, 4.80) <0.001 

Sex bias in environmental effect on ASD 

In the sample of boys, all five factors except maternal 
infection showed a stronger association with ASD (Table 3). 
Moreover, maternal chemical exposure exhibited a strong 
association with ASD in the discovery sample (OR = 3.67; 
95% CI: 1.27-10.62), the replication sample (OR=14.15; 95% 
CI: 1.89-106.19), and the combined sample (OR = 6.20; 95% 

CI: 2.43-15.81); however, similar effect sizes for the associ-
ation with ASD were observed with the use of medication, 
threatened abortion, induced abortion and maternal infec-
tion in the combined sample (Table 3). Two different vari-
ables measured maternal psychological stress. It is intere-
sting to note that experiencing a traumatic event was the 
second most influential factor associated with ASD in the 
discovery sample (OR=2.81; 95% CI: 1.16-6.82), whereas 
experiencing a severe emotional problem was the second 
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most influential factor in the replication sample (OR=11.79; 
95% CI: 3.49-39.84). However, only experiencing a severe 
emotional problem was associated with ASD in the comb-
ined sample (OR=2.18; 95% CI: 1.32-3.60). We also obs-

erved that additional perinatal conditions, such as the term 
of delivery, the method of delivery, and whether a first 
delivery, were associated with ASD in the combined sample 
(p<0.05) (Table S3).   

Table 3. Multiple logistic regression estimates of risk factors in the boys of both discovery and replication samples* 
  Discovery  Replication  Combined 

  OR 95%CI P  OR 95% CI P  OR 95% CI P 

Demographics              
Father's education              
 Less than HS 2.51 (1.36, 4.64) 0.029  4.85 (2.42, 9.73) <0.001  3.31 (2.08, 5.26) <0.001 
 High school 1.54 (0.92, 2.55) 0.913  1.71 (1.06, 2.75) 0.340  1.64 (1.16, 2.32) 0.595 
 > HS (Ref)              
Abortion history              
 Induced abortion 1.66 (1.13, 2.46) 0.010  2.89 (1.97, 4.24) <0.001  2.31 (1.76, 3.05) <0.001 
Adverse events              
 Chemical exposure 3.67 (1.27, 10.62) 0.016  14.2 (1.89, 106.19) 0.010  6.20 (2.43, 15.81) <0.001 
 Maternal infection 1.56 (1.01, 2.40) 0.046  3.15 (1.76, 5.64) <0.001  2.21 (1.56, 3.13) <0.001 
 Use of medication 2.51 (1.35, 4.66) 0.004  4.14 (2.09, 8.17) <0.001  3.34 (2.09, 5.33) <0.001 
 Threatened abortion 2.79 (1.46, 5.35) 0.016  3.98 (1.80, 8.82) <0.001  3.24 (1.94, 5.42) <0.001 
Psychosocial stress              
 Severe emotional     11.8 (3.49, 39.84) <0.001  2.18 (1.32, 3.60) 0.002 
 Traumatic event 2.81 (1.16, 6.82) 0.022       1.68 (0.96, 2.95) 0.070 
Term of delivery              
 Premature     2.70 (1.26, 5.79) 0.400  2.49 (1.43, 4.35) 0.159 
 Post-term      3.33 (1.18, 9.45) 0.210  2.49 (1.28, 4.85) 0.210 
 Full-term (Ref)               
Method of delivery              
 Natural           1.56 (1.05, 2.31) 0.248 
 Cesarean          1.75 (1.19, 2.56) 0.013 
 Assisted (Ref)              
 First delivery     4.67 (2.69, 8.12) <0.001  3.40 (2.22, 5.22) <0.001 

* Estimates were obtained from the model with interaction; Ref, reference category; HS, High school. 

Interaction between maternal infection and the use of 
medication 

We observed a significant interaction between maternal 
infection and the use of medication on the risk of ASD in 
both samples. In the discovery sample, we identified a 
significant interaction between maternal infection and use 
of medication (p=0.016); maternal infection was strongly 
associated with ASD among mothers who also used medic-
ations during pregnancy (OR=5.48; 95% CI: 1.97-15.28), 
but it was not significantly associated with ASD among 
those who did not use medication (OR=1.40; 95% CI: 0.93-
2.10). Similarly, in the replication sample, a significant int-
eraction was observed (p=0.036); moreover, maternal inf-
ection was associated with ASD regardless of the use of 
medications, although the effect size was notably different 
between the mothers who used medication during pregn-
ancy (OR =30.81; 95% CI: 3.92-242.50) and those who did 
not use medication (OR = 3.17; 95% CI: 1.89-5.31) (Table 
4). The interaction was very significant in the combined 
sample (p=9.37x10-04) (Table S3). 

In the boy-only sample, the interaction between maternal 
infection and use of medication became more significant 
even when the sample size was reduced in the discovery 
sample (p=0.003), but less significant in the replication 
sample (p=0.117). It is interesting to note that we found a 
similarly significant effect size for the association of mater-
nal infection with ASD when mothers used medication 
during pregnancy in the boys of both the discovery (OR= 
13.81; 95% CI: 2.85-66.84) and replication (OR=14.64; 95% 
CI: 1.77-120.75) samples (Table 4). The interaction was 
also very significant in the boys of the combined sample 

(p=1.26x10-03) (Table S3). 

DISCUSSION 

In this study, we identified through two independent sam-
ples that maternal chemical exposure, use of medication, 
maternal infection, threatened abortion, induced abortion, 
and maternal psychological stress during pregnancy was 
associated with ASD. The first five factors collectively expl-
ained 10-15% of the variation in the risk of ASD in both 
samples and 16% in the combined sample. A significant 
interaction between maternal infec-tion and the use of 
medication was found in the individual sample and com-
bined. While some of these associated factors were consis-
tent with previous studies (22, 23), our study provides 
novel insights into the environmental etiology of ASD that 
involves three different types of risk factors: chemical, 
infection and reproductive tract injury-induced causes. 

First, individual maternal exposure to chemicals was a 
novel and strong factor significantly associated with the 
risk of ASD in Chinese populations. This evidence was con-
sistent in two independent samples separately and the 
combined sample. Both epidemiological and animal stu-
dies have suggested that air pollution affects the central 
nervous system (CNS) and contributes to the development 
of CNS disorders (24) directly through the olfactory path-
way (25) or a mechanism that involves oxidative stress 
and mitochondrial damage (26, 27) or oxidative-mediated 
neurotoxicity (28). Traffic-related nitrogen dioxide and 
partiulate matter less than 2.5 or 10 micrometers in diam-
eter (PM2.5 or PM10) during gestation and the first year of 
life (1, 29, 30) and air pollution, including the levels of 
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ozone (O3), carbon monoxide (CO), nitrogen dioxide (NO2), 
and sulfur dioxide (SO2) in the air, have been associated 
with the risk of ASD in multiple studies (31), although 
other studies fail to find consistent evidence after adjust-
ment for socioeconomic status and other potential confou-
ndders (32). To date, few studies have reported an associa-

tion of ASD with exposure to benzene or paint, which indi-
viduals may have more likely faced, particularly young 
couples, in moving into new housing due to the massive 
urbanization and rapid development over the previous 
decades in China. 

Table 4. Multiple logistic regression estimates of maternal infection stratified by use of medication during pregnancy 

  Medication Maternal infection N   OR 95% CI P  P* 

Overall        
 South Yes (n=161) Infection  91 5.48 (1.97, 15.28) 0.001 0.016 
   No infection (ref)  70 1.00     
  None (n=835) Infection 159 1.40 (0.93, 2.10) 0.106  
   No infection (ref) 676 1.00     
          
 North† Yes (n=215) Infection 116 30.81 (3.92, 242.50) 0.001 0.036 
   No infection (ref) 99 1.00     
  None (n=1091) Infection 168 3.17 (1.89, 5.31) <0.001  
   No infection (ref) 923 1.00     
          
 Combined Yes (n=376) Infection 207 10.76 (4.26, 27.17) <0.001 <0.001 
   No infection (ref) 169 1.00      
  None (n=1926) Infection 327 2.07 (1.51, 2.84) <0.001  
   No infection (ref) 1,599 1.00     
Boys only         
 South Yes (n=131) Infection  75 13.81 (2.85, 66.84) 0.001 0.003 
   No infection (ref)  56 1.00     
  None(n=593) Infection   128 1.17 (0.74, 1.83) 0.509  
   No infection (ref)  465 1.00     
          
 North Yes (n=177) Infection   100 14.64 (1.77, 120.75)   
   No infection (ref)  77 1.00     
  None (n=789) Infection  136 2.53 (1.38, 4.65) 0.003  
   No infection (ref)  653 1.00     
          
 Combined Yes (n=308) Infection  175 20.78 (4.7, 91.79) <0.001 0.001 
   No infection (ref)  133 1.00     
  None (n=1382) Infection  264 1.66 (1.16, 2.38) 0.007  
   No infection (ref) 1,118 1.00     

*p-value for testing of interaction; † Four individuals were missing for the use of medication or maternal infection; ref, reference category.  

 

Our study provides novel evidence that maternal infection, 
use of medication, and their interaction are associated with 
ASD. A birth cohort study has shown that maternal infec-
tions such as rubella, influenza, and toxoplasmosis during 
pregnancy are risk factors for schizophrenia (33). We obs-
erved that maternal infection increased the risk of ASD, 
which is consistent with a study that showed serologically 
documented influenza exposure during early to mid-ges-
tation is associated with a 3-fold increase in the risk of 
schizophrenia (34). Although inconsistent replications 
have been indicated in other human studies (35), a meta-
analysis of 15 studies with 40,000 ASD cases provided con-
sistent but weak supporting evidence (OR=1.13, 95% CI; 
1.03-1.23) that maternal infection is associated with ASD 
(11). Nevertheless, animal studies have provided strong 
evidence for a mechanism of maternal immune activation 
(MIA) that is difficult to obtain from humans (16, 36). The 
use of medication, mostly antibiotics and traditional Chin-
ese medicine, for antiviral treatments, such as cold or flu, 
which increases the risk of ASD, might provide evidence 
for the paradoxical hypothesis that amino-glycoside anti-
biotics could trigger the autistic syndrome in susceptible 

infants by causing the stop codon read-through. In contrast, 
other antibiotics could improve the symptoms of ASD (37). 
Interestingly, we observed a significant synergistic inter-
action between maternal infection and use of medication 
on the risk of ASD consistently in both samples; the inter-
action effect was more consistent and stronger in boys 
regarding the risk of ASD.  

Moreover, we provide consistent replications of various 
factors, including psychological stress, threatened abor-
tion, an abnormal term of delivery, and cesarean delivery, 
which have been shown as risk factors for ASD in the pre-
vious studies (13, 38). However, our finding that induced 
abortion was associated with the risk of ASD is interesting. 
Induced abortion is more prevalent in China (39, 40), mo-
stly due to unintended pregnancies that occur in young 
women. This finding may have an important implication 
for public health. A case-control study with a small sample 
size conducted in the US in 1999 indicated that having a 
previous termination of pregnancy is associated with the 
risk of ASD (41). Potential explanations could be that a 
prior maternal induced abortion might increase the likely-
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hood of having a preterm birth; extremely preterm births 
have a significant risk of autism comp-ared to full-term 
delivery (42). 

Furthermore, preterm birth was identified as a risk factor 
for ASD in the combined sample of our study. Induced abo-
rtion is a traumatic experience or stressful event, at least 
for some young women; however, its impact on women's 
mental health may vary with personal experience and the 
context of the social culture. Induced abortion before 25 
years has been associated with increased risks of mental 
health problems, although it is in a debate in Western 
society (43). We propose that induced abortion modifies 
the maternal reproductive tract immune status, which 
could span an extended period and thereby influence one 
or later pregnancies. The persistence of this change in local 
immune-inflammatory regulation could be due to a change 
in resident populations of key progenitor cell populations 
or the epigenetic profile and regulation of those relevant 
immune-inflammatory cell populations. 

Our findings may have important implications for policy-
makers from different sectors, clinicians, or health profe-
ssionals. Although the mechanism of the associated factors 
has yet been elucidated, most of these factors are preven-
table. Improving the accessibility of young women to cont-
raceptive services can reduce unintended pregnancy; pre-
gnant women can reduce chemical exposure or maternal 
infections through maternal health care or reproductive 
health services. As a speculative hypothesis has been prop-
osed on the child use of antibiotics and the onset of autism 
(37), one must be careful in treating maternal infection 
during pregnancy in clinical practice. 

Limitations 

While our study provided substantial evidence of novel 
risk factors for ASD, there are unanswered questions. Both 
epidemiological and animal studies have suggested that air 
pollution affects the central nervous system (CNS) and 
contributes to the development of CNS disorders (24). A 
dose-response relationship of air pollution or chemical 
exposure with ASD risk needs to be established through a 
more rigorous study design. Since the recruitment is in the 
form of active registration rather than a random sampling 
survey, the response rate was not available; most children 
with ASD were recruited from urban public or private 
schools for special education and hospital outpatient clin-
ics. Therefore, these might limit the representativeness of 
the sample and then affect the generalizability of the study 
results. 

Additionally, all cases were diagnosed according to clinical 
diagnostic criteria (DSM-IV-TR), autism diagnostic inter-
view-revised (ADI-R), Autism Diagnostic Observation Sch-
edule (ADOS) and some autism rating scales were not used 
for the diagnosis of ASD in the study. Although the controls 
were recruited from regular kindergarten classes in the 
same or adjacent provinces and were matched on age, con-
venience sampling might introduce selection biases. The 
interview-based measurements may be subject to recall 
bias. The environmental exposure was based on retrospe-
ctive recall whether or not the exposure occurred during 

the specific time-window of the pregnancy. We did not me-
asure the dose of exposure; this might be a rough measure 
for a study in environmental epidemiology. While detailed 
information on the medications and type of maternal infec-
tions was collected, our sample size was too limited to exa-
mine specific infections or medications. 

CONCLUSION 

Multiple environmental factors, in particular, new evidenc-
e of chemical exposure during pregnancy and induced 
abortion before pregnancy, are associated with an increas-
ed risk of ASD in offspring. Most of these risk factors are 
common and preventable by reducing environmental 
exposure, improving reproductive health, or increasing 
accessibility to contraceptive use or knowledge education 
in younger women. 
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ABSTRACT 

Background: In the absence of adequate public pension benefits, the older people in China have to rely on their social networks 

for old-age support. However, few empirical studies have been carried out to examine the pattern of social network and their impact 

on elderly health in China.  

Methods: Using the dataset from two waves of the Chinese Longitudinal Healthy Longevity Survey (CLHLS) conducted in 2008 

and 2014, we examined the characteristics of social network types and their impacts on the health status among the elderly. The 

dependent variables included the measures of self-rated health (SRH), activities of daily living (ADL), instrumental activities of 

daily living (IADL), and cognitive score (MMSE). K-means clustering method was used to construct the social network type, which 

was the primary factor we were interested in examing for association with functional health status. A random-effect regression 

model was utilized to control for the clustering effects within the observations over time. 

Results: Four types of the social network were derived among the older people, and they were the diverse network (6.65%), family-

focused network (32%), children-focused network (29.89%) and restricted network (31.45%). Compared with the restricted 

network, the diverse network was associated with the best functional health status and self-rated health among the elderly; the 

family-focused network was also associated with a better score of ADL, IADL, and MMSE but not significantly with SRH score; 

and the children-focused network was also associated with a better health status of all measures. Furthermore, social support from 

family members and friends positively influenced the health status of the elderly. In contrast, having social workers available when 

needed was associated with the reduced ADL, IADL, and SRH scores. This might be due to that those elderly with the worst health 

status are in a greater need for support from social workers, and hence, the reverse association may occur. 

Conclusion: family- and children-focused network were primary types among the older people in China. Consistent with previous 

studies, while the diverse network was most beneficial for the functional health status in multiple measures, it only accounted for 

a small proportion. People with a restricted network had the worst health status.  

KEYWORDS 

Social network types, functional health status, elderly Chinese 

INTRODUCTION 

A social network is a group of individuals connected by 

interpersonal relationships (such as family, friends, acquaint-

ances, and coworkers), which could provide supportive 

financial and emotional resources for individuals within a 

network. The importance of social network for health and 

well-being has been documented (1), especially for the elderly, 
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who are much more vulnerable without material and emotional 

support from their social relations (2). Aging can negatively 

influence the size of social networks for the older people and 

therefore reduces the potential resources they can mobilize. In 

addition to the financial resources embedded in their social 

networks, lacking social relations could lead to reduced health-

related behaviors due to less exposure to health-related inform-

ation and the absence of health management provided by their 

social ties (3). 
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In the low- and middle-income countries, demographic aging 

increases the demand on health-care services and poses severe 

challenges to the social security systems (4). Over the past 

decade, China, as one of the middle-income countries, has 

begun to witness a rapid population aging. Although China has 

implemented a universal social pension system, premature 

population aging associated with other dramatic social changes, 

including urbanization and industrialization, further exacer-

bate the challenges (5). Without sufficient public pension, 

people have to rely on their social networks for old-age support, 

especially where traditional family is the primary caregiver for 

the elderly.   

Individuals may have different types of the social network, 

which vary with network compositions and hence have differ-

ential impacts on health conditions. Several studies have discu-

ssed the influences of social network on both physical health 

and mental well-being across different countries. While some 

studies examined gender differences in quantity and quality of 

social relations and their associations with health outcomes (6); 

others investigated the specific characteristics of individual 

social networks and demonstrated that individuals could be 

consistently categorized into four types of the underlying net-

work. Usually, individuals with a diverse network type 

maintain a wide range of social ties such as family, friends, and 

neighbors. Older adults with a friend-focused network are 

characterized by having frequent interactions with friends or 

neighbors but few or non-existent kinship ties; whereas those 

with a family-focused network have close links with family 

members but little contact with friends. Moreover, older adults 

with a restricted network type are portrayed as having limited 

social relations across all dimensions (7-9).  

Some studies have shown that individuals with "diverse net-

work" maintained the best health status, but individuals with 

"restricted network" reported the worst status (8-10). However, 

the impacts of "friend-focused network" and "family-focused 

network" on health conditions were inconsistent across various 

cultural contexts (10). Furthermore, existing literature indi-

cates that various social network patterns have been found 

across different cultural and ethnic groups. Asian populations 

in the United States or their native countries are often chara-

cterized as a family-focused group, but the general population 

in the United States or European countries tended to maintain 

a friend-focused network (8, 10).  

As a traditionally family-focused society, social network types 

among older adults in China could be different from what has 

been documented in western countries. In this study, using the 

data from the Chinese Longitudinal Healthy Longevity Survey 

(CLHLS), we aimed to examine the characteristics of social 

network and their impact on the health status among the elderly. 

To gain a better understanding of the effects of social networks 

on health conditions, we distinguished social network structure 

from the quality of social networks and examined the impact 

of both social network types (quantity of social network) and 

resources available within the network (quality of social 

network) on health conditions. We also utilized a more refined 

measurement of the elderly health—functional health status, 

which evaluates both physical and mental well-being of the 

elderly, including self-rated health (SRH), the activities of 

daily living (ADL), instrumental activities of daily living 

(IADL), and cognitive score (MMSE). 

Our data revealed a different social network type among the 

older adults in China, which is the children-focused, reflecting 

both the traditional Chinese family values and the influences 

of dramatic social transitions on elderly life during the past 

four decades in China. Also, consistent with previous studies, 

we noted that among the four types of social network identified, 

the diverse network type was the most beneficial for the older 

adults across all of the functional health indicators, while the 

restricted network was presented with the worst health status. 

In terms of the quality of social networks, our study 

demonstrated that resources available within individual social 

network had positive associations with not only enhanced 

functional health but also the better self-rated health among the 

older adults. 

DATA AND METHODS 

Data 

Data were from the Chinese Longitudinal Healthy Longevity 

Survey (CLHLS), which is a national representative survey on 

the older people that covers 23 of the 31 provinces in China 

(11). We used the data from the 2008 baseline survey and the 

2014 follow-up survey. CLHLS provides measures of family 

and household characteristics, individual's education, occup-

ation, income, health-related behaviors, and health conditions 

as well as community-level characteristics among the older 

people in China. The 2008 baseline survey included 16,954 

respondents aged above 65 years and of which 5245 respon-

dents were still alive when the follow-up survey was condu-

cted in 2014.  

Measurements  

Dependent variables. The outcomes were the health status of 

the elderly measured by the self-rated health (SRH), and fun-

ctional health status of the activities of daily living (ADL), 

instrumental activities of daily living (IADL) and cognitive 

score (MMSE). SRH was coded as "1" if respondents ans-

wered "very good/good" to the question “how do you think 

your health status, " "2" if the answered "fair," and "3" if they 

answered "bad or very bad." ADL (0-12), IADL (0-16) and 

MMSE scores (0-11) were obtained with the structured ques-

tionnaire, and higher scores indicated reduced functional 

health status for the elderly. 

Independent variables. We measured two dimensions of an 

individual's social network. 1) The quantity of social network, 

which was derived from five indicators that measured different 

aspects of individuals' social relations, including social ties 

with the spouse, children, siblings, and other relatives, friends 

as well as the participation in social activities. These five 

indicators were used to construct social network types; 2) the 

quality of social network evaluates the resources available 

within the private social network. Based on the survey ques-

tion, "did you always talk to, share with, or seek help from 

family members, friends, or social workers when you need?” 

three binary variables were coded. The first variable was coded 

as "1" if family members were available when needed; "0" 

otherwise. The second variable was coded as "1" if friends 

were available when required;"0" otherwise. The third variable 

was coded as "1" if social workers were available when needed; 

"0" otherwise. Each of these variables measures the quality of 
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social networks with family members, friends, and the social 

support system.  

Covariates. Covariables were used to control for potential 

confounding effect in the statistical modeling, and they inclu-

ded sociodemographics such as age, gender, years of education, 

place of residence, self-rated socioeconomic status, along with 

health-related behaviors such as smoking, drinking, regular 

exercise.  

Statistical analysis 

We first used the K-means clustering method to construct 

social network types based on five standardized social network 

indicators. The K-means cluster method minimizes the within-

cluster variation so that observations are most similar to each 

other within the cluster. This approach randomly assigned 

initial cluster centroids according to a predefined number of 

clusters and then calculated the distance between each obser-

vation and each of the cluster centroids. After classifying the 

observations by choosing the nearest cluster centroid for each 

observation, the cluster centroids were updated; the process 

repeated until there was no further change in the within-cluster 

variation (12).  

After classifying individuals into four types of social network, 

we first performed an Analysis of Variance (ANOVA) or t-test 

to examine whether the differences in health status across 

various groups are statistically significant. Moreover, because 

the data was from a longitudinal study, in which variables were 

repeated-measured over time, we utilized random-effect regr-

ession model to control for the clustering effects within the 

observations and examine the effects of both the quantity and 

quality of social network on functional health indicators. The 

equation of the random-effect regression model is briefly 

described as: 

𝑌𝑖𝑡 = 𝛽0 + 𝛽 ∙ 𝑋′𝑖𝑡 + 𝜀𝑖 

Where 𝑌𝑖𝑡 measures functional health status for individual i 

at time t, 𝑋′ it represents independent variables and control 

variables for each individual at each time point. 𝜀𝑖  is the 

random effect at the individual level, which is distributed as a 

standard normal distribution with a mean of 0 and a standard 

deviation of 1. Since the ADL, IADL and MMSE scores were 

measured as continuous variables; linear random-effect regr-

ession models were performed; whereas SRH was coded as an 

ordinal variable, an ordered logistic random-effect regression 

model was performed. The data were analyzed using the 

software Stata 15.1.  

RESULTS 

Descriptive analysis 

Table 1 presents the descriptive statistics of all variables at the 

baseline survey. The mean age of participants was 85.78 years 

(SD, 11.4). Of the 16,954 individuals, 33% of them were still 

married; 43% were males, and 57% were females. The average 

years of education obtained was 2.42 years, and at least 50% 

of participants had no formal education (median=0). About 18% 

of the respondents subjectively rated their socio-economic 

status lower than others, and more than 80% of them lived in 

rural areas. The rate of cigarette smoking and alcohol uses was 

17.49% and 17.30%, respectively; and 27% of respondents had 

regular exercise.  

As for the health status, around 50% of the participants rated 

themselves in good health condition, while the mean value of 

ADL, IADL and MMSE were 0.99 (median=0), 6.11 

(median=4) and 3.96 (median=3), respectively. In terms of 

social network indicators, the average frequency of home visits 

from children and siblings were 2.73 (median=3) and 0.80 

(median=0), respectively. With regards to social activities, 86% 

of participants never played cards with a friend, and 88% of 

them never attended social events. Around 77% of participants 

were able to chat, share, and seek help from family members 

when needed. However, only 1% of the respondents were able 

to receive such support from friends. Also, the percentage of 

respondents who received such support from social workers 

was much lower (around 0.6%). 

Social network types 

Based on K-means clustering methods, consistent with 
previous literature (9, 13), we derived four social network 
types, and each was determined after comparing the 
means of the five indicators across four network types 
(Figure 1). Four social network types were defined, which 
were diverse network (6.65%), family-focused network 
(32%), children-focused network (29.89%), and restricted 
network (31.45%). The diverse network type was chara-
cterized as being supported by various social relations 
such as a spouse, children, siblings, friends, and was well 
integrated into society through frequently attending social 
activities. However, it only accounted for 6.65%, a small 
proportion of individuals in this sample. Three other net-
work types were more frequent and of which family-
focused network accounted for about 30%, referring to 
individuals who had frequent interactions with family 
members but few connections with friends and limited 
engagement in social activities. Another common network 
type was children-focused network, with children being 
their primary social relations. Finally, there were 31.45% 
of people with the restricted network, indicating that they 
had limited social links and were quite isolated from both 
their family and the general society. 
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Table 1. Descriptive statistics of dependent and independent variables 

 Coding Mean M SD N % 

Dependent variables       
SRH 1=Good 

   

7362 49.39 
 2=fair 5132 34.43 
 3=Bad 2413 16.19 
ADL (min-max: 0-12)  0.99 0 2.41 16953  
IADL (min-max: 0-16)  6.11 4 6.15 16954  
MMSE (min-max: 0-11)  3.96 3 3.78 16954  
Quantity of social network       
No. children often come to visit  2.73 3 1.92 16954  
No. siblings often come to visit  0.80 0 1.33 16954  

Still married 1=Yes 
   

5535 32.65 
 0=No 11419 67.35 
How often do you play cards 
with a friend? 0=Never 

   

14520 85.64 
 1=Not monthly, but sometimes 563 3.32 
 2=Not weekly, but at least once a month 380 2.24 
 3=Not daily, but once for a week 637 3.76 
 4=Almost everyday 854 5.04 
How often do you attend social 
activities 0=Never 

   

14982 88.37 
 1=Not monthly, but sometimes 807 4.76 
 2=Not weekly, but at least once a month 458 2.7 
 3=Not daily, but once for a week 275 1.62 
 4=Almost everyday 432 2.55 
Quality of social network       
Family members available 0=Not able to chat, share or seek help when need  

   

673 3.97 
 1=Able to do one chat, share or seek help when need 978 5.77 
 2=Able to do two of chats, share or seek help when need 2299 13.56 
 3=Able to chat, share and seek help when need 13004 76.7 
Friends available 0=Not able to chat, share or seek help when need  

   

14535 85.73 
 1=Able to do one chat, share or seek help when need 1783 10.52 
 2=Able to do two chats, share or seek help when need 456 2.69 
 3=Able to chat, share and seek help when need 180 1.06 
Social workers available 0=Not able to chat, share nor seek help when need  

   

16609 97.97 
 1=Able to do one chat, share or seek help when need 165 0.97 
 2=Able to do two chats, share or seek help when need 86 0.51 
 3=Able to chat, share and seek help when need 94 0.55 
Socio-demographics       
Age  85.8 89 11.4 16954  
Years of education  2.42 0 5.05 16904  
Male 1=Yes 

   
7252 42.77 

 0=No 9702 57.23 
Low SES status 1=Yes 

   
3070 18.11 

 0=No 13884 81.89 
Living in the rural area 1=Yes 

   
13603 80.23 

 0=No 3351 19.77 
Health behaviors       
Smoke 1=Yes 

   
2966 17.49 

 0=No 13988 82.51 
Drinking alcohol 1=Yes 

   
2933 17.3 

 0=No 14021 82.7 
Regular exercise 1=Yes 

   
4645 27.4 

  0=No 12308 72.6 
M, median 
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Figure 1. Social network types among the elderly in China 

 

Quantity and quality of the social network and health 
status 

Four networks derived from the quantity of social network 
have significant impacts on functional status, cognitive, 
and self-reported health (Table 2). The mean of ADL and 
IADL, MMSE, and SRH significantly increased in the diverse 
network, family-focused network, children-focused net-
work, and restricted network (p<0.01). The older people 
with the diverse network had the best conditions on ADL 
(mean=0.13), IADL (mean=1.41), MMSE (mean=1.44), and 
SRH (mean=1.49). Older adults with the family-focused 
network also had a slight increase in ADL (mean=0.47), 
IADL (mean=3.02), and MMSE (mean=2.14) and SRH 
(mean=1.69). However, individuals with children-focused 
network type had more inferior functional status on ADL 
(mean=1.17), IADL (mean=7.12), and more reduced 
cognitive functions of MMSE (mean=4.28), implying 
reduced health conditions across these three dimensions, 
but SRH did not change. Finally, the elderly with the 
restricted network had significantly reduced conditions in 
functional status (ADL and IADL), cognitive function 
(MMSE), and self-reported health (Table 2).  

The quality of the social network also affected the health 
conditions of older people. In general, the older people who 
were with friends available in their social network had a 
better functional status as measured by ADL and IADL than 
those who were without friends available. i.e., with family 
members or social workers. Specifically, individuals who 
had friends available were significantly better in ADL 
(mean=0.35) than those without friends available (mean 
=1.46). Compared with those with friends available, indivi-
duals with family members available had slightly higher 
mean score of ADL (mean=0.99), which was still lower or 
better than those without family members available (mean 
=1.46, p<0.01). However, we observed that the older 
people who were with social workers had worse ADL 
(mean=1.85), which was significantly worse than those 
without social workers (Mean=0.99). We found a similar 
pattern of IADL. Besides, cognitive functions, as measured 
by MMSE, were also better among the older people who 
were with friends available (mean=2.89) than those with 
family members (mean=3.66) and social workers (mean 
=4.29). Moreover, we noticed that individuals with social 
workers had a more inferior status of SRH (mean=1.78) 
than those with family members (mean=1.68) and friends 
available (mean=1.67).  

  

http://www.gcatresearch.com/


Z
h

an
g 

an
d

 Z
h

an
g 

 
G

lo
b

al
 C

li
n

ic
al

 a
n

d
 T

ra
n

sl
at

io
n

al
 R

es
ea

rc
h

 2
0

1
9

; 1
(3

):
1

0
9

-1
1

7
 

w
w

w
.g

ca
tr

es
ea

rc
h

.c
o

m
 

 
 

 
1

1
4

 

 T
a
b

le
 2

. 
T

h
e 

fu
n

ct
io

n
al

 h
ea

lt
h

 s
ta

tu
s 

an
d
 s

el
f-

re
p

o
rt

ed
 h

ea
;t

h
 b

y
 d

if
fe

re
n

t 
so

ci
al

 n
et

w
o

rk
 t

y
p

es
 i

n
 t

h
e 

el
d

er
ly

 C
h

in
a 

 
 

 
A

D
L

 
 

 
IA

D
L

 
 

 
M

M
SE

 
 

 
SR

H
 

 
 

 
n

 
M

ea
n

 
SD

 
si

g 
n

 
M

ea
n

 
SD

 
si

g 
n

 
M

ea
n

 
SD

 
si

g 
n

 
M

ea
n

 
SD

 
si

g 

Q
u

a
n

ti
ty

 o
f 

so
ci

a
l 

n
e

tw
o

rk
 a  

 
 

 
**

 
 

 
 

**
 

 
 

 
**

 
 

 
 

**
 

D
iv

er
se

 n
et

w
o

rk
 

 
1

4
5

0
 

0
.1

3
 

0
.7

5
 

 
1

4
6

0
 

1
.4

1
 

3
.0

3
 

 
1

4
6

3
 

1
.4

4
 

2
.1

6
 

 
1

4
3

5
 

1
.4

9
 

0
.6

6
 

 

F
am

il
y

-f
o

cu
se

d
 n

et
w

o
rk

 
 

6
9

6
9

 
0

.4
7

 
1

.7
4

 
 

7
0

2
1

 
3

.0
2

 
4

.8
5

 
 

7
0

3
7

 
2

.1
4

 
2

.7
7

 
 

6
7

7
6

 
1

.6
9

 
0

.7
5

 
 

C
h

il
d

re
n

-f
o

cu
se

d
 n

et
w

o
rk

 
 

6
5

3
4

 
1

.1
7

 
2

.5
7

 
 

6
5

5
8

 
7

.1
2

 
6

.0
5

 
 

6
5

7
3

 
4

.2
8

 
3

.6
8

 
 

5
7

6
6

 
1

.6
8

 
0

.7
3

 
 

R
es

tr
ic

te
d

 n
et

w
o

rk
 

 
6

8
6

9
 

1
.6

2
 

2
.9

5
 

 
6

9
0

8
 

8
.6

7
 

6
.0

6
 

 
6

9
1

5
 

5
.2

9
 

3
.9

6
 

 
5

6
4

5
 

1
.7

4
 

0
.7

4
 

 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

Q
u

a
li

ty
 o

f 
so

ci
a

l 
n

e
tw

o
rk

 b
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 

F
am

il
y

 m
em

b
er

s 
av

ai
la

b
le

 
Y

es
 

2
1

1
1

2
 

0
.9

9
 

2
.3

9
 

**
 

2
1

2
3

7
 

5
.8

5
 

6
.1

 
**

 
2

1
2

7
3

 
3

.6
6

 
3

.6
7

 
**

 
1

9
1

2
1

 
1

.6
8

 
0

.7
3

 
**

 

 
N

o
 

7
9

4
 

2
.0

2
 

3
.6

8
 

 
7

9
6

 
7

.6
0

 
6

.4
7

 
 

2
6

3
5

 
5

.6
0

 
2

.7
 

 
5

8
0

 
1

.9
1

 
0

.7
8

 
 

F
ri

en
d

s 
av

ai
la

b
le

 
Y

es
 

8
5

9
3

 
0

.3
5

 
1

.3
3

 
**

 
8

6
4

1
 

4
.0

2
 

6
.4

9
 

**
 

8
6

0
0

 
2

.8
9

 
3

.0
7

 
**

 
8

2
0

0
 

1
.6

7
 

0
.7

3
 

* 

 
N

o
 

1
3

3
1

3
 

1
.4

6
 

2
.8

8
 

 
1

3
3

9
2

 
7

.1
3

 
4

.9
6

 
 

1
5

2
4

8
 

4
.2

6
 

4
.4

4
 

 
1

1
5

0
1

 
1

.7
0

 
0

.7
4

 
 

So
ci

al
 w

o
rk

er
s 

av
ai

la
b

le
 

Y
es

 
1

0
1

7
 

1
.8

5
 

3
.2

5
 

**
 

1
0

2
1

 
8

.0
0

 
6

.3
 

**
 

1
0

2
3

 
4

.2
9

 
3

.9
 

**
 

8
6

6
 

1
.7

5
 

o
.7

3
 

* 

 
N

o
 

2
0

8
8

9
 

0
.9

9
 

2
.4

 
 

2
1

0
1

2
 

5
.8

1
 

6
.1

 
 

2
2

8
8

5
 

3
.7

0
 

4
.5

9
 

 
1

8
8

1
5

 
1

.6
8

 
0

.7
4

 
 

*p
<

0
.0

5
, *

*p
<

0
.0

1
; a

, A
N

O
V

A
 a

n
al

ys
is

 w
as

 p
er

fo
rm

ed
; b

, t
-t

es
t 

w
as

 p
er

fo
rm

ed
 

http://www.gcatresearch.com/


Zhang and Zhang  Global Clinical and Translational Research 2019; 1(3):109-117 

www.gcatresearch.com    115 

Multiple regression analysis 

Table 3 shows the estimates of the multiple regression 
model on the functional and self-rated health status. We 
noted that, with a restricted network as the reference 
group, the diverse network was negatively associated with 
all the health indicators, ADL (Beta=-0.41;p<0.01), IADL 
(Beta=-2.15;p<0.01), MMSE (Beta=-0.85;p<0.01), and SRH 
(Beta=-0.462;p<0.01), indicating a better functional health 
status and self-rated health among the elderly. Moreover, 
the family-focused network was associated with better 
ADL, IADL, and MMSE performance (p<0.01) but had no 
significant influence on the SRH (p>0.05). Further-more, 
compared with the restricted network, it seemed that the 
children-focused network was associated with a better 
performance of functional health status in ADL (Beta=-
0.096; p<0.01), IADL (Beta=-0.22; p<0.01), MMSE (Beta=-
0.27;p<0.01) and SRH (Beta=-0.078; p<0.05).  

With adjustment for covariates, multiple regression anal-
ysis showed that the older people who were with family 
members or friends available in their network had better 
health status in all indicators, but those with social work-
ers had more inferior health status. Individuals with family 
members (Beta=-0.744; p<0.01) or friends available (Beta 
=-0.811; p<0.01) had a better performance but those with 
social workers (Beta=0.523; p<0.01) had more reduced 
performance in ADL. Similarly were true for IADL. Also, the 
elderly with family members (Beta=-1.4; p<0.01) or fri-
ends available (Beta=-0.79; p<0.01) had a better cogn-itive 
function measured by MMSE, but those with social workers 
had no significant difference (Beta=-0.04; p<0.01). More-
over, the older people with family members (Beta=-0.308; 
p<0.01) and friends available (Beta=-0.136; p<0.01) had a 
better SRH, but those with social workers had a worse 
status of SRH (Beta=0.154; p<0.01). 

Table 3. Random-effect regression estimates of social network on functional health status 

 ADL  IADL  MMSE  SRH  

 Coef. SE Sig Coef. SE Sig Coef. SE Sig Coef. SE Sig 

Quantity of social 
network 

            

(Ref.= Restricted network) 0     0    0     0   
Diverse network type -0.41 0.070 ** -2.15 0.141 ** -0.85 0.093 ** -0.426 0.072 ** 
Family-focused network -0.16 0.048 ** -0.94 0.095 ** -0.49 0.063 ** -0.056 0.045   
Children-focused network -0.096 0.040 ** -0.22 0.080 ** -0.27 0.053 ** -0.078 0.041 * 
             
Quality of social network             
Family members available -0.744 0.084 ** -0.38 0.168 ** -1.40 0.11 ** -0.308 0.094 ** 
Friends available -0.811 0.032 ** -1.91 0.064 ** -0.79 0.042 ** -0.136 0.032 ** 
Social workers available 0.523 0.076 ** 1.17 0.151 ** -0.04 0.1   0.154 0.077 ** 
             
Control variables             
Age 0.048 0.002 ** 0.25 0.003 ** 0.13 0.002 ** -0.009 0.002 ** 
Male -0.058 0.040   -0.53 0.079 ** -0.45 0.054 ** 0.053 0.039   
Smoke -0.296 0.046 ** -0.68 0.091 ** -0.07 0.061   -0.168 0.045 ** 
Drink -0.238 0.044 ** -0.66 0.088 ** -0.13 0.059 ** -0.427 0.045 ** 
Regular exercise -0.753 0.036 ** -2.29 0.072 ** -0.82 0.048 ** -0.473 0.037 ** 
Years of education -0.025 0.041   0.11 0.08  0.67 0.055 ** -0.031 0.039   
Lower SES status 0.124 0.024 ** 0.48 0.048 ** 0.39 0.032 ** 0.794 0.027 ** 
Living in rural area -0.55 0.043 ** -1.1 0.084 ** 0.12 0.057 ** -0.155 0.043 ** 
Constant -1.088 0.316 ** -12.8 0.636 ** -7.03 0.414 **    
Observation 21,662   21,775   21,812   19,471   
Individual 16,902   16,903   16,903   14,979   
             
Random effects 2.21 0.01  4.45 0.02  2.96 0.01  0.58 0.08  

*, p<0.05; p<0.01. 

DISCUSSION 

Based on the data analysis of a nationally representative 
sample, our study identified four types of social network 
among the elderly Chinese, which comprised diverse net-
work type, family-focused network type, children-focused 
network type, and restricted network type. We also dem-
onstrated that the diverse network type was the best for 
functional health status in ADL, IADL, MMSE, and SRH of 
the elderly, while the restricted network type was the 
poorest. The family-focused network type was generally 

positive for the health status of the elderly, but not as 
beneficial as the diverse network type. 

The primary network types in the Chinese elderly were 
family-focused network, restricted, and children focused 
network type. While the diverse network type was most 
beneficial, it only accounted for a small proportion (<7%). 
The next beneficial network type was family-focused, 
which was the most significant network type in China. It is 
interesting to note that the restricted network type 
accounted for more than 30%, but individuals with this 
type of social network had the worst performance of health 
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status. What differs from previous studies in the western 
countries is that, besides from family members (e.g., 
spouse, siblings or other relatives), there was a large pro-
portion of the Chinese elderly whose social network was 
made up only by their children, likely due to the differences 
in culture. Additionally, during the past four decades, the 
urbanization and modernization in China have transform-
ed the family structure into the so-called nuclear family, 
consisting of only parents and children. As a consequence, 
the proportion of children-focused network type has signi-
ficantly increased.  

Compared to the family-focused network type, child-focus-
ed network type was associated with poorer functional 
health among the elderly. Without social support from rela-
tives and kinship members, adult children might not be 
able to provide adequate old-age care to their aging par-
ents because they have to work full-time and take care of 
their young children. The situation is even worse for fami-
lies in which both husbands and wives are from single-
child family, the consequences of the former nationwide 
one-child policy initiated in the late 1970s and imple-
mented during the past four decades. Because of the one-
child policy, a couple who both are from the single-child 
family may have to take care of four parents and one child, 
which is called the “4-2-1” family structure (14). Therefore, 
the increasing proportion of children-focused network 
type among the elderly reflects the transformation of 
family structure in China and raises severe concerns about 
elderly health. Restoring and cultivating the function of the 
community could alleviate the old-age care burden of both 
individual family and the public system. Moreover, as our 
findings suggest, local social ties based on the community 
can help cultivate diverse social network types, which 
would be quite beneficial to elderly health.  

Overall, the diversity in the social network is demonstrated 
to be a crucial element for the better functional health 
status of the elderly. However, the proportion of elderly 
with diverse network type is less than 7% while the 
percentage of the restricted network type is up to 31.45%. 
Since the dataset is nationally representative, this implies 
that only a small proportion of the elderly enjoyed the 
benefits of diverse social network support in China. Besi-
des from the quantity of social network (social network 
types), our study showed that the quality of social network 
had significant effects not only on the functional health 
indicators of ADL, IADL, and MMSE but also on self-rated 
health.  
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Commentary 

Interpretion of the 
Environmental 
Impact on Autism 
Spectrum Disorder 

Fengyu Zhang, Claude Hughes 

Autism is a neurodevelopmental disorder with complex et-
iology, comprising both genetic and environmental factors 
and their interactions(1). Family and twin studies have 
indicated that ASD is highly heritable, with that recurrent 
sibling risk of autism was approximately 20%, and the con-
cordance rate was 96-99% in monozygotic (MZ) twins and 
44-60% in dizygotic (DZ) twins(2, 3). A population-based 
family study with a whole-genome genotyped SNP data sh-
ows that 52% of the risk for autism is attributed to the 
common genetic variants(4). Despite the evidence that 
autism is heritable, only a limited number of common gen-
etic variants have been associated with ASD (5-7). A recent 
genome-wide association meta-analysis of 18,381 indivi-
duals with ASD and 27,969 controls identified five loci ass-
ociated with ASD at a genome-wide significance and seven 
SNPs shared with schizophrenia (SCZ), major depression 
(MDD) and educational attainment (8). Autism is highly 
heterogeneous, and it is the clinical heterogeneity that affe-
cts the capability to identify common genetic variants that 
explain the heritability of autism (9).  

As advances in the next-generation sequencing technolo-
gy have progressed over the past decade, many efforts have 
been made to detect rare functional variants in individuals 
with ASD. While rare copy number variants (CNVs) contr-
ibutes to the risk of autism(10), whole exome-sequencing 
studies suggest that hundreds of rare de novo mutations 
play some roles, in which substantial evidence implicates a 
few specific genes (CHD8, KATANAL2, SCN2A, NTNG1)(11). 
These rare variants, highly penetrant or altering proteins, 
provide a good insight into the biology of autism (12), they 
may account for little heritability. Since some de novo mut-
ation may be caused by exposure to environmental muta-
gens, ecological factors such as sun exposure associated 
with vitamin D deficiency may contribute to higher muta-
tion rates and impaired repair of DNA(13). Also, environ-
mental factors may affect gene expression through epigen-
etic change that increases the risk of autism. Therefore, att-
entions have recently begun to be paid to the examination 
of environmental factors associated with risk of autism 
(14).  

In a recent animal study, Hao et al. (15)suggested that 
triclosan (TCS, 5-chloro-2-(2,4-dichloro phenoxy) phenol, 
an antimicrobial agent widely used in the personal care 
and household product, is a potential risk factor for deve-
lopping autistic behaviors. While the United States Food 
and Drug Administration (FDA) banned TCS from use in 
soap products in 2016 and the European Union banned 
TCS from all human personal hygiene biocidal products in 
2017, TCS remains allowed in toothpaste as this agent 
helps fight gingivitis(16). The potential mechanism cau-
sing autistic behaviors is through down-regulation of the 
cellular retinoic acid (RA) signaling(15), in which RA is 
also a morphogen molecule mediating neuron differenti-
ation, synaptic plasticity, and tissue formation. This finding 
may provoke additional studies of this chemical on the risk 
of autism. It would be exciting but also a challenging task 
to establish a causal relationship between TCS and risk for 
autism in human populations. In using TCS to treat neural 
stem cells in vitro under different time points (3-24h) and 
dosage of concentrations(17), Park et al. show a dose-dep-
endent increase in cell viability at 10 and 20 μM of con-
centraion for all time points but, interestingly, a decr-ease 
in cell viability at a dosage of 50 and 100 μM. They indicate 
that TCS can cause neurodegenerative effects on develop-
ping rat brains through the mechanisms involving ROS 
activation and apoptosis.   

Hao et al. also suspect that TCS may alter the composition 
of the gut microbiome that could lead to the development 
of autistic behaviors. Altered microbiota composition cau-
sed by the use of antibiotics in early life has been pro-posed 
as a possible contributor in the etiology of ASD. There has 
been a paradoxical hypothesis that aminoglycoside anti-
biotics could trigger the autistic syndrome in susceptible 
infants by causing the stop codon read-through; whereas 
other antibiotics could improve the symptoms of ASD(18). 
A sibling-controlled analysis in a large population-based 
cohort sample suggests that antibiotics expo-sure in early 
life is not associated with ASD(19), and a systematic review 
also does not support that early life exposure to antibiotics 
is associated with risk of ASD(20). 

Care should be taken in interpreting the findings from ani-
mal studies and cross-sectional association in human stu-
dies. Human beings are social and human populations are 
heterogeneous. The effect of TCS on autistic behaviors nee-
ds to be validated with a dose-response evidence in anim-
als and human populations through epidemiological stud-
ies. Previous animal studies have shown that maternal 
immune activation (MIA) is a mechanism that link mater-
nal infection to ASD. Prenatal viral infections have been 
associated with the risk of ASD(21). However, a meta-ana-
lysis of 15 studies that included more than 40,000 cases 
with ASD only showed a small effect of prenatal infections 
on the risk of autism (22) (OR=1.13; 95% confidence inte-
rval,1.03–1.23). This suggests that maternal infection only 
contributes a small proportion of risk to autism. Maternal 
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infection that causes peripheral immune dysregulation can 
begin in fetal development and continue to adulthood (23).  

Concurrently in a recently published article, Ou et al. have 
examined two cohorts of autism cases and controls from 
distinct regions of China and identified multiple prenatal 
and perinatal factors including maternal environmental 
exposure, maternal infection, use of medication, experien-
cing a threatened abortion or induced abortion, associated 
with autism(24). These factors combined explain 9-15% of 
the variation in ASD in two cohorts of samples. In a case-
control study of relatively common outcome (i.e., common 
disease), parameter estimates that measure the strength of 
association is not a good approximate to relative risk (RR) 
for a disease. The variation explained by those factors wou-
ld generally be over-estimated. The causal relationship 
needs to be validated in population studies with an adv-
anced design to determine a dose-response relationship.  

However, measuring the dosage, duration and particularly 
how the timing of exposures relate to developmentally-
sensitive windows in individuals, is not an easy task in 
humans. It may require a multidisciplinary effort to design 
a rigorous study and collect related data for a better under-
standing the role of genetic and environmental factors in  
particular the gene-enviromental interaction on the risk of 
developing ASD. 

Fengyu Zhang, PhD, MS 
Claudes Hughes, MD PhD 
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