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Impact of social and natural environmental exposure on healthy

development of adolescents and preventive strategies
SONG Yi

School of Public Health /Institute of Child and Adolescent Health Peking University, Beijing 100191, China
Abstract:  Adolescence is a critical stage marked by rapid intellectual and cognitive development, as well as the
formation of behavioral and health patterns. In recent years, academic consensus has shifted from viewing adolescence as the
"healthiest stage" to recognizing it as a sensitive period of dramatic changes in health determinants, harboring immense
investment potential for the "triple dividend". Research in adolescent health and puberty development has expanded from
biological factors to social and natural environmental factors. Social environmental exposures, such as socioeconomic
development, accelerated urbanization, digital transformation, and commercial factors, alongside natural environmental
exposures, including environmental pollution, climate change, artificial light at night, and built environments. have
emerged as novel research hotspots. However, most of those factors might have double-edged sword effect, presenting both
risks and opportunities. Deepening our understanding of their impacts, underlying mechanisms, and intervention pathways,
while developing effective policies or strategies, has become a critical research priority in child and adolescent health.
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Top 25 Keywords with the Strongest Citation Bursts
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Fig. 1 Top 25 keywords by citation in global adolescent health research from 2000 to 2025

i W R X RN R R B I S T A S
o il XA A7 B L R A T M S R A R O T
LA it

2.3 HFMHHER CYELEFHAREHZREATD
AEMAETE o AR R AR N R TE 2024 AEE &
R 1.96 12, K A N BB &R B Ik
97. 3N FHLE BN P 2 H DA AR ERC & . 5L
S b 8 B G R ) 2 AR AR A A R
REBI R T8 A HLIE , ol o 7 V8 6 KUK . — 5 T 4K
FHAR R F DA T A AR B 22 5 5 AR
(AL S 5 LA KRR T i) B 27 20 i 5t VF 22 Rk 24 ) 1k
WIE H B B L RCE ISR, MER NS,
FERBCFH AR R A EAOHRA LS 5E .Y
ELIGR P B AR T RE B BT A AR R AN D AR Y
KR ARAL T RHLIE Y S — T, kS B
PR 2 5% i) 25 50 R 1 AR B L il BGE R XL il
T B SR E 1) W A L A A8 A T BB R O e Ak 7 B
) A 56 2 v i i 2 7 T PR 3R A 4 X 4% 32 A S HE
SR 5ECF g DL RCR B AT R U AR A S T
ST DA R 67T R 45 R 5 RT RE R T B
o i B R SR B A R RS B 2
AAEATRE VS ) 3 2657 £ L AV B = 5 AR % AR 3 Y
PRAPAIL] 857 fb 2F B 45 55 20 4R 1 B 03 DA [F) 2o
WO 25 5 A TR — PR AL AR AL,

b i A Y 5 5 2 B I R R A AR AT O A O 5
B R H ST DA

2.4 WLBEF MNEHKE.HIDFEMEELERZ
[ERIAISE R A TREE o L Sy Rk oY o = o/
BRI B m ol B A A e A R T R A
KA F BT3RS R A A 2 5% 76 3l 2 5 1Y
EEI . HE A S 3 B[R] e N ARl o R
T ZE AT o AR S WA A A e B SRS I M) £ Y
fih £ 2 1 2 T A AR AR TR 0 BEAS A X FR B S ) B
Z 0T A FE AR PR R R
b R A AR AR R SR A S OB Y fT Hh JT
Do WY AR A R A BB OB AN B ) DX
A 6T 1 0K 20 AT A B ) S A
AP GAHE R 5] 7 S B D A L B KU
WO X R IR B T AR AR T s R R
Zz—,

3 BARREEZERXNBFTEHRRELZRENAZM

3.1 ERBLF R AL ST KR MU L R 2
T DA fih BRI T Qe R BL 2 A F AL b L A
90 %0 W3R & )L F0 14 Bk 5 A5 PRI P9 43 W6 T4 40 11 XU
Rt A B g LR B AR T DS O R X
B R GV R 5 3L P B R I DG IS 5 A
GBS TN R GE L3R A B, 7 i 2 8% T4 2 2B 2K —



- 1284 - ohE LB R 2k 2025 4F 12 A48 33 B4 12 )

Chin J Child Health Care,Dec. 2025, Vol. 33,No. 12

FH R P S ATy A 45 G i1 25 W J5 v e 52 ) B M
MAER T BRI LT U A ] g B vk T AR
SO o= N || Al | N o SR o U e
BAS AF 5 1 ] KRR R DT T O A b, R B
PM2. 5 55 J] 2 % ) £ i 5 2o 3 M LG G TR G
PM2. 5 W Al 7T 6 ELAT T 9 P 430 ) R
3.2 AMEZA HAHEMEHDERSE - MBAAE
TSR A B 52 T B N8BR3 2] 2100 45,
SRR 18 AL AR AR TR AR — A Eb Tl Ak i TR E
FHiE gy 2. 8C R Frp, S A fb & 3 2 Hopkan
LA IR BUE R FR B DA R A A AR R (R
Je TE IR K B I A7 3 S A AR Ak 5 i 1) 7 AR DY
CA IR R AR KB B R R 2 B A
AT e T ) M DX, PR T KU P s R R R e i L 2 b
H VAR SR, X TR R m A F R E R LM
IO R A A AR A AE SR TR IR R AR R, o] g
B E R EEFMEER, LA REELE S
BRON KA T BB 4 9 A 200 i K Bk 30
3.3 RIEEEE WIECRE. IR BT
MO W2 B TS S BF Bk
A A: 1 T 2 B B R B AR AR 5 R o A3 O TR Y
(NERETAIS PN R 3 N EE R Y 2 W = N Sy
BRMERRIE 9 N T 75 G o i Ry 52 e {E B ) 7 N XL
DY X i L & A M58 Bon - % BE IR TR
(] 't % 8 ) R 8 AH 24 7™ 02, A 16. 6 26 19 L3 75 A 4F
B IA] G- ¥ B 2 9 B 5 10 Ix A T 0O 2 R
X HRRK G5 %K & e+ e, |
PR o R T I L /N A R R Y 3B R A Bl
A 1 B T B A A DO B R A B T L D
AT AL T A 05 1 DY 2 KT 8 T AR N 3 ol A R
P ofE L GF O 2 5 RN AR L 3 v O Y
FEA O W 5% 5 78 AT 0 2 R R AR DR R
Al RE S B ECE WA,

3.4 ERIRB W T AR S UE & R A Ak i
L E AT G AN TN T R Ak RN i s ()
R EF 12 s T = X 2 4 BRI 4B BLAZ £ 52
B Fr) 2 ) o 3k I 35 B AIR T 7 A48 b R 3 B AR B
P/ 1| I/ N iSO U L [ | TS L [ =
ST T B N R AR K R & AT R 4 S T e ik
PR 35 IS IXC 119 2 SR 2 I » v oA Mk e 2 iy ) L )
B, 1 09 /D B 0% 27 fif 1R T i 4 € R €6 2 [B) L 2
N3 55 5k 1 J BF B 5 IR FA B 2K T RE &5 51 & 7
AR BRI TR & B 15 K T A B0 (R

IEJ ﬂ[u—w]

4 RENNEREARRAREXARHE,ZA=ZE
MR RERKE

4.1 BRE@ mEBEFHEN EEREZRT G
HEZ IR TUME B X5 5 75 400 B & Jre i a2 B v
14 255 305 T T O AL ) o LI S e B85 X felE B 1 5 i) Ay
BN A TEAT . DA 5% )2 1T A B 5 o L i % U
- M5 T IR b IR R AR R DR BSR4 T B
o0 K5 B MAC B B SR B A R 3E T IESR S A A S
T+ LA 57 6 I A S DA 0 1R AL
4.2 EFE®@. Wk ITARS SEEVHR T AR
i, $2 = R A KT T B AR A (B A AT R BT
BEUIRN AR 55 5 it o 4 g 2 6 10 AR RIG JR B= 97 1 9% U5
P R FEAR A L DA RS AR E. XA
56 3 PR YT R IS 5K P 58 5 I AR A Ak A R P A R
P =l 7 VAR G = e A 0 PO A
Hik gk
4.3 FRE® mEERFRER WREAT RS
A 1 B R 2 20 0 R g o LB A 2 A 0 A i B
=R RN U R a2 B S| DS E s NS 2 T B S
VT IBUE S 42 2 A4S B KT L 02 T = D
Tk v IO B0 R G R A T AR A L AR )R A
it BREAILCo BRAEE B 0 . a8 01O R 2 2k B f B
T Je s 2 B0 ) A0 0 47 F 005 3 57 AL AL R S ML,
W R K S A X B R E A E B R
R
44 REFNEG . RBEMEES —FTIEAGKER
YT I I 5 B AU Ao BE AR R L DA
LR iY  X85 L E DA B EE S B G
15 FAR AR B RE, & BRI E 88 &
HL 7 (0 sF ) BB 2 5 5 7 B 3 ST i B A
W RE, EJLE T DA A SRR T AT
N2 AN 2 It A R A TR
i N5 B3 i R P AE T R

MR T AR S R I A B X A2
55 H SR I T R 5 11 B it LR R TR AL (9% I T B 671 1R K
VA 15 Rty o 7o (115 =25 118138 = R 7 i M 1 B N i 1 B A
GG M Z YL (£ )2 K RO X — Bk R i ok
A AL 38 5 ) I 3 2o ) A DA 7 2 A £ B Oy H s 1) S 4
PEIREE R0 D KUK . 5 H 2 25 T 5 4 30 9 R R Ja)
U, R T R R S B K ML . RS
TIE M ICRE XA B B AR A Bh AR NFR B AL R
THRE J1 . R BT A A A T S g Ak

&% ik

[1] Baird S, Choonara S, Azzopardi PS, et al. A call to action:



TR JLE PR Ak 2025 4F 12 58 33 B4 12 )

Chin J Child Health Care,Dec. 2025, Vol. 33,No. 12 .

1285 -

(2]

(3]

[4]

(5]

[6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

The second Lancet Commission on adolescent health and
wellbeing[ J]. Lancet,2025,405(10493) ; 1945-2022.
Patton GC, Sawyer SM, Santelli JS, et al. Our future: A
Lancet Commission on adolescent health and wellbeing[ ] ].
Lancet,2016, 387(10036) :2423-2478.
Patton GC, Olsson CA, Skirbekk V, et al. Adolescence and
the next generation[ J]. Nature,2018,554(7693) :458-466.
AR/ R A0 BIR R A B AR LT DL b L R
Z47,2005,13(4) ; 333-335.
Sawyer SM, Azzopardi PS, Wickremarathne D, et al. The
age of adolescence[ ] ]. Lancet Child Adolesc Health,2018, 2
(3):223-228.
Chen TJ, Dong B, Dong Y., et al. Matching actions to needs:
shifting policy responses to the changing health needs of Chi-
nese children and adolescents [ J ]. Lancet, 2024, 403
(10438) :1808-1820.
Bangalore Krishna K., Witchel SF. Normal puberty[J]. En-
docrinol Metab Clin North Am,2024,53(2):183-194.
AR, . X KSR 20132022 4R L EFH D AEH H
WR B W B A BT LT ] b B A A 2% 7k, 2023,
44(6) :900-905.
Li JZ,Shi D,Liu YF,et al. Resarch hotsports and trend anal-
ysis of puberty development among children and adolescents
from 2013 to 2022[J]. Chin J Sch Health,2023, 44(6):900-
905. (in Chinese)
Chen C, Hu Z, Liu S, Tseng H,et al. Emerging trends in
regenerative medicine; A scientometric analysis in CiteSpace
[J]. Expert Opinion on Biological Therapy, 2012, 12(5):
593-608.
R, SRIETFHEWET MR AR S AR R A )],
o E A4 T 24, 2023, 14(6) 1 1-5.
Leone T, Brown LJ. Timing and determinants of age at menarche
in low-income and middle-income countries[ ]J]. BM] Glob
Health,2020,5(12) :e003689.
Dong Y, Jan C, Ma Y, et al. Economic development and
the nutritional status of Chinese school-aged children and
adolescents from 1995 to 2014 : An analysis of five succes-
sive national surveys[J]. Lancet Diabetes Endocrinol, 2019,
7(4):288-299.
Iwase M, Taniyama Y, Koyanagi YN, et al. A century of
change: Unraveling the impact of socioeconomic/historical
milestones on age at menarche and other female reproduc-
tive factors in Japan[J]. ] Epidemiol.2024,34(8) :387-392.
B R Ge iR N DA 2 ) 0 55 [ EB/OL . (2025-
02-28)[2025-10-29]. https://www. stats. gov. cn/zs/tjws/
tjzb/202301/t20230101_1903783. html
Lee KK, Bing R, Kiang J, et al. Adverse health effects as-
sociated with household air pollution: A systematic review,
Meta-analysis, and burden estimation study [ J]. Lancet
Glob Health,2020, 8(11):e1427-e1434.
T3FHE B 5 b R ARAL B A AR R BE AL B R e L
A AR BRAT Ay T RS TRV A SR L. o B 2 A TR A A
2024,45(8) :1065-1069.

Wan YH, Tao FB. Co-exposure to the social and natural en-

[17]

[18]

(191

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

vironment promotes risk factors for psychological and be-
havioral problems in children and adolescents[J]. Chin J Sch
Health.2024,45(8) :1065-1069. (in Chinese)

Dang J, Liu Y, Cai S, et al. Secular trend and projection of
overweight and obesity among Chinese children and adoles-
cents aged 7-18 years from 1985 to 2019: Rural areas are
becoming the focus of investment[]J]. Chin Med J (Engl),
2025, 138(3):311-317.

Ma N, Shi D, Dang JJ, et al. Secular trends and urban-ru-
ral disparities in the median age at menarche among Chinese
han girls from 1985 to 2019[J]. World J Pediatr, 2023,19
(12).1162-1168.

Chen L, Xing Y, Zhang Y, et al. Long-term variations of
urban-rural disparities in infectious disease burden of over
8. 44 million children, adolescents, and youth in China from
2013 to 2021 : An observational study[J]. PLoS Med, 2024,
21(4) :e1004374.

FH. EBENR, WA, P E R RAE BN E W)
(2024) [ M. Jb 5t k2 B4 2 3CHk kL, 2024,

Fang Y,Ji WM, Shen J,et al, Annual report on the internet
use of Chinese minors(2024) [ M. Beijing: Social Sciences
Academic Press(China) ,2024. (in Chinese)
Magis-Weinberg L, Ballonoff Suleiman A, Dahl RE. Con-
text, development, and digital media: Implications for very
young adolescents in LMICs [ J]. Front Psychol, 2021,
12.632713.

[TEA 7 A o I S N I R R W = SR S R R B
YERI O Z < i s i A 1 v A 28002 [ . o0 B2 4 2025, 57
(2):247-259.

Wu X, Wang L, Xue P, et al. Association of screen expo-
sure/sedentary behavior and precocious puberty/early pu-
berty[J]. Front Pediatr,2024,12.1447372.

Ghebreyesus TA. Achieving health for all requires action on
the economic and commercial determinants of health[]].
Lancet,2023,401(10383):1137-1139.

Wood B, Baker P, Scrinis G, et al. Maximising the wealth
of few at the expense of the health of many: A public health
analysis of market power and corporate wealth and income
distribution in the global soft drink market [ ]J]. Global
Health,2021,17(1) . 138.

Shi D, Ma N, Liu YF, et al. Association between BMI and
age at menarche or spermarche among both sexes: Findings
from six successive national surveys in China[ J]. ] Glob
Health,2024,14:04099.

Dong Y, Gao D, Li Y, et al. Effect of childhood phthalates
exposure on the risk of overweight and obesity: A nested
case-control study in China [ J]. Environ Int, 2022,
158:106886.

Yoon LS, Binder AM, Pereira A, et al. Variability in uri-
nary phthalates, phenols, and parabens across childhood
and relation to adolescent breast composition in Chilean
girls[J]. Environ Int,2022,170:107586.

Freire C, Castiello F, Babarro I, et al. Association of prena-

tal exposure to phthalates and synthetic phenols with pu-



+ 1286 -

TR JLE G A G 2025 4F 12 A5 33 5 12 ]

Chin J Child Health Care,Dec. 2025, Vol. 33,No. 12

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

bertal development in three European cohorts[J]. Int ] Hyg
Environ Health,2024, 261:114418.

Rivera-Nanez Z, Kinkade CW, Zhang Y. et al. Phenols,
parabens, phthalates and puberty: A systematic review of
synthetic chemicals commonly found in personal care prod-
ucts and girls” pubertal development [ J]. Curr Environ
Health Rep, 2022,9(4) :517-534.

Hood RB, Hart JE, Laden F, et al. Exposure to particulate
matter air pollution and age of menarche in a nationwide co-
hort of U. S, girls[J]. Environ Health Perspect, 2023, 131
(10):107003.

Zhou X, Zhang X, Bai G, et al. Long-term exposure to fine
particulate matter (PM2. 5) components and precocious pu-
berty among school-aged children: Cross-sectional study
[J]. JMIR Public Health Surveill,2025,11:e62861.

Gold CL, Kitrinos CE, Sievert LL, et al. Mean age at men-
arche and climate variables on a global scale[J]. Am J] Hum
Biol,2023,35(12) :e23961.

Sanders D, Frago E, Kehoe R, et al. A Meta-analysis of bi-
ological impacts of artificial light at night[J]. Nat Ecol
Evol,2021,5(1) . 74-81.

Shi D, Dang J, Chen H, et al. Assessment of indoor light-
at-night exposure in children and adolescents during school-
days and weekends[J]. Environ Pollut,2024, 360. 124689.
Stefanopoulou M, Ruhé N, Portengen L, et al. Associa-
tions of light exposure patterns with sleep among Dutch
children: The ABCD cohort study[J]. ] Sleep Res, 2024,
33(6): el4184.
Zhou Y, Ding WQ, Li Y, et al. Brighter bedroom light at
night predicts risk for earlier pubertal onset: A two-year
longitudinal study[]7].J Clin Endocrinol Metab, 2025. doi:
10.1210/clinem/dgaf526.

T, SEAEAE, 2R AN TR Sk LA A &
WIS R LT] h E R A A, 2022, 43(4) .
590-593.

Shi D,Dang JJ,Li X, et al. Association between exposure to

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

5 B #9:2025-11-01

artificial light at-night and the occurrence of menarche in
Han girls[J]. Chin J Sch Health,2022,43(4) :590-593. (in
Chinese)

Yuan C, Dong Y, Chen H, et al. Determinants of childhood
obesity in China[ J]. Lancet Public Health, 2024,9(12):
el105-el1114.

Dang J, Wang Y, Ma N, et al. The impact of long-term ex-
posure to NO;, O3, and their oxidative potential on adoles-
cents’ mental health, and the protective role of school-based
greenness| J]. Environ Int,2025,195:109212.

Stathori G, Tzounakou AM, Vlahos NF, et al. Unveiling
the link: Obesity, diet, hypothalamic inflammation, and
central precocious puberty-recent insights and implications
[J]. Horm Res Paediatr,2025, 27.1-9.

Bray I, Reece R, Sinnett D, et al. Exploring the role of ex-
posure to green and blue spaces in preventing anxiety and
depression among young people aged 14-24 years living in
urban settings: A systematic review and conceptual frame-
work[J]. Environ Res,2022,214(Pt 4) ;114081.

Roche TV, Ubalde-Lopez M, Daher C, et al. The health-re-
lated and learning performance effects of air pollution and
other urban-related environmental factors on school-age
children and adolescents-a scoping review of systematic re-
views[J]. Curr Environ Health Rep,2024,11(2):300-316.

Luo D, Yan X, Xu R, et al. Chinese trends in adolescent
marriage and fertility between 1990 and 2015: A systematic
synthesis of national and subnational population data[J].
Lancet Glob Health,2020,8(7) :e954-¢964.

Luo D, Yan X, Huang T, et al. Changing patterns of edu-
cation, marriage and fertility in Chinese adolescents; A sys-
tematic synthesis of national and subnational population da-
ta from 1990 to 2020[J]. Lancet Regional Health-Western
Pacific,2025,63:101706.

BAMEE R 5% 2 JL B A AP0 3R g RE IR R B 1n)
AR AE LT ] R A L2025, 7:90-91.

f&E HER:2025-11-04 AXHHIE .2/ H

=
/|

oAy 3 A A B T R AS ) B AR 2 R

W3 S T AE AR I [ AR T

I A R Al Y A B

BA

HESC IR IE L AR T 2 CNKIT A [ 3 ) 4 SORCHE 1
s HAE 3 S0 R AR AU ] 9% 5 A4S TR I — UCPE 25 A (2 AR AS 2 4 B 2% ) L AN 1555 AF . e 3 R W) S0 &

CHp ) L R i 4% ) g R



