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Background (2) Objectives (3) Methodology (4) Findings (5) Conclusions (6) Policy
Implications / recommendations

Scientific Background: Socio-economic position (SEP) and changes over time in SEP (social mobility)
are strong predictors of aging-related morbidity and premature mortality. However, the effect of the
environment on the rate of aging differs between people and is also a function of their cognitive,
behavioral, and genetic traits.

Research Objectives: Using extensive longitudinal data from the Jerusalem perinatal study, we aimed to
broadly examine the relationships between SEP and aging in offspring and parents, as well as the impact
of socio-behavioral factors.

Methods and Main Findings:

Project 1 - Factors of Aging in Offspring: We used data on ~1400 offspring (age 32) and a subsample of
~600 offspring retested 10 years later (at age 42). Body size changes from birth to age 17 and age 17 to
32 were associated with higher biological age at 32. Birth weight positively correlated with cognitive
performance. Lower education level and Ultra-Orthodox religiosity at age 32 predicted worse aging
outcomes, while intense physical activity showed a negative association.

Project 2 - Factors of Aging in Parents: Based on over 30,000 mother-father pairs, we showed that
marriages with a more educated partner were linked to decreased all-cause mortality in men. Having an
older partner negatively affected the health of both sexes, while a younger partner had benefits for men.
Project 3 - Intergenerational Correlation in the Aging Process: In ~1400 offspring-parent trios we
demonstrated that parents had increased mortality as their offspring's biological age rose. These
intergenerational associations were influenced by SEP and offspring sex.

Discussion and Conclusions: SEP and behavioral factors play significant roles in the aging process.
Aging trajectories within families are influenced by environmental factors.

Policy Implications and Recommendations: Our study reveals the substantial influence of
socioeconomic and behavioral factors on population aging, not only among the elderly but also in young
adults. These findings call for policy makers to define goals and implement early interventions to address
accelerated aging in at-risk youth and families, promoting healthy aging in Israel and beyond.
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Section 4: Executive Summary- Hebrew

non-) NP2 X7 NI7NN NYINY NIYNN TV DT ,NN2ANN NTOIIRNY 700 VTN YN

ARNN NIRNA 79 NdfTYR 1T0 WX Rynd (communicable  diseases, NCDs
-1'¥10 DIP'™M .0"'NN 1701 72 IR nRkvanni 0N 0TRmM n?'nnn NCDs 7w nni?irmaimon
DN (n'Man nima) SEP-2 it IR? nvi'wil (socio-economic position, SEP) mnipx
7w n1o' Yoin oy oMY 09mMl1 SEP avoxn .nnTpm nnmni NCDs 7w n'prn 0'kan
a¥p 2y N2a0on NYSWN NKT DY NN NNRRTIY DNIYRn DrMp?T/jio'n nidayn
NI'LIANT NIFNRNINNN NI0AZN NRDNN 7Y DNPZA9 XA L,DWIR 2 MY NRRTINN

.0nY

SEP % pnwpn NX 9'n 91X [INQ7 ANTD DT Apnn Y 2un-nion pgnnn Ninon

D'NIANINN D'ANIA TXD 1WN71,0NNINAI D'RYRY] NTTAIN NRZTIN 7V 0NN )7nna
[12'0 M2 WIN'Y 'T' 2V DTN O'RYXY] NIRPZTINN 178 DWRY7 D'AIN DYRYI0-1D'0DI
NN DNINN XK NRPTIN .NARIM NRRTI QPwnn DdoN TTAd1 TI912 NRRTY? DNIwpn
N'9'¥90 NNVN DNN TNX D7 ,0'0P'ND 7W NNTO?7 N7XID IT NANT N7RY .ANIMNA 10 T
2¥N NPT DFTENNN AR DOR'N9 Jun-Non YW NJIY NQ'uRPO0197 NoNt' NN

.D0MYN "2 Y IK DMINN 7¥N NPT ,0'RXXXN
0'"2'Vn O'RXNNAl pEnnn Nivty

-I'YION D'AIIAN IR IZNY NYUR DT 0pY'N9Y D'NYN¥A NRRTT Ml .1 oprine
['Q DY 17721 ,'9'¥90 91N N7 NPT 7w DMAAIT'ON1 DYNRNINNN ,D"9MINT
D'NIT?"N D'WN'R DA 1N ,0"NININNE D'9MNINT-I'YI0O D' ,D"NN NIR? i 77T TN
1400 -> %y D'00IAN D'XAN D'NINYIN QY DAIMIN NAZM NRRTm 2% aT70 210
n'onnwnnn 600 ->7w paTtn Nnni L,32 7w yxmn 7221 JPS apyn 2nn 'ONNWN D'RYRY

(42 22) "nir anikn 0w 10 2w IpTYW 1770
2020 7 6.0n 091V



No. of research proposal

2018/202/x

- '0UR TIRONI NI NIRRT 27 NNAAN TV NT70N Qi 771 NNwN 2 DR X
TIX? NINYN 2 YN DX [IN27 N 7y 1Innn JPS apyn pnn 'osnnwn 1464 -n naima
[nTn NIm witw .32 721 winw (biological age, BA) 17 72 2% qian 712 ovnin
7> .Klemera-Doubel (KDM) nu'wa 1win 27 72 .32 21 17 24,0790 At 10 nn2iv
NITIZI '"MY 7D 2 qian 77 9w Z 2y 7w widnd navin a1 IX? 07N NNYN ,7wun?
1.14 5o a7 nawp 17 2 Ty aT? 717001 (SD) jpn ntvo 1 7w vy nkxn .t
S32 'a non Ty 17' a0 ny BA-a (p<0.001) naw 1.32 7w nw1 ,BA-1 (p<0.001) v
nyxn 42 9121 e Tipon a7 ,42 -1 32,17 o'k7aa BMI TR fa pnwzn na'na
N7710N NIYYNXA TTNI '2'01A1R TIRON AN INIXAN ApyNn 7NN 'oNnwn 363 7w DaTna
7N2MI "IN [9IXA MW DN DR T 7pwn D RN nikxinn . CANTAB nroapn
272 (D722 NIZnam) TRY NNl Qv L0710 0 TIRoNY 0770 0ra'uap oy
,AIXNN] ,0"0IPN O'RYINN Nwax? ,0.27-1 f=0.34, 0.40, 0.32 on MATINY VPONRN

42-1 32,17 0'x722 BMI-7 |jimn
D"9MNMAINT-I'YIO D'ANIA |2 WWRD - 17 7a 7w 0'NRNINNE 0'9MIMT-I'YIO D'R1IN .2
(42 722) "nir Anikn 0w 10 N7 NRETTY DTN WItY oy 2721 32 720 DU NRnanni
32 o'X72n 2 NN axp (3) -1 ;*onrmp 712 (2) ;(MAS) 'mdoavn a0 nnpTm ey (1)
- e (0270 nnon) nima (CANTAB) ol Tipon 7w o1 775 MAS-n 424
NXM TIR9N qoin 178 7"an KDM-n niy¥nka avin '"Mn'wi-"210n-1rmip 72 .nn'wi-"71n0n
D"a171"2 0'Inoa 1 wim'w N ,KDM py Da nwin nnpTmn axpl ‘2nonrmp 7 FEVL
,(=0.39, p<0.001) "nrI* NdINY NDUN NN D IXIN NIRXIND .0"72001I'TP7 DNIYPn
NPT v Tvnw nn N nina MAS-7 oniwp ifn (8=0.32, p<0.001) n'mn nirmT ol
N'7'7W YR NN N'0IVI'R NI9IA NIF'WOL IO ,NKT DY NP NIk DIw 10 N nyina
D'MIIAN 72 NO1dN N2 Niynwn Mon? P90 o'Rxnnn 7D .MAS ($=-0.2, p=0.046) [I'x"?

MAS Dy n21n1 2'70wWn NN 7Y awpn vuynY 7T DNRD DUNIRNINNNT DO T-I'YION

2020 8 6.0n 0910



No. of research proposal

2018/202/x

DM 73X 42 -9 32 an n'7n0nirmp DRI Axpw RN qona (f=0.26, p=0.02)
NANN N1912 NI7'Yoa 710'y NRT Nnv? .(f=3.07, p<0.001) o'wa 7¥X WWUNN NI' NN
B= -2.47, ) '‘®x9oN'x rxini (= -2.05, p=0.005) koK 19% r¥IN ,(B=-2.33, p=0.01)
AN 'O'R 2xE Dy 0w 1 (p=0.001

Youssim et al, ] NINNX7 NnoNIdY IT NTIAYA 10NN 7¥X NNRFZTTAN 'IIA .2 ‘'on L' ND
("nmanon" Ix) atn 12 7w nOwnal 721 0o 7w 0tYN-M7an onwzn NX mMpn [2022
['2 'Y .[V0 71N 7Y NITIY'N DY DA 11D ,NI'D'YS0 NIA'0d NNiMNI ,N'775 nnmn 75 oy
Nt 36,717 2y oniwy 4-n nun? 7w 2pvn 1IN Wiy M ,0'2amine 0'Nanun NIT
YR DN 70U AIT 2 0N PRIYI NYRY DT gnnn 'kxnn JPS - agnnn onin
[A 7va nirn%? .0'wia X7 X L,(HR=0.93,CI:0.87,0.99) n™axa niaron 75n nnmna a1y
NNOX1 NIA'ON 721 NNIMNA AY7Y ,NNAIT? .0MN Y W NINNAY 2'T DD NI AN T
' oane awyx air a L(HR=1.10,C1:1.02,1.19) o'wial (HR=1.22,CI:1.10,1.34) p"axa
[L07  TN'O'XO50 NNIMNA AT 1AD ,0MNA NIRYMAM PNy 'vin
.0'w11 X7 X ,(HR=0.88,CI:0.78,0.99)

NINNX7 1NONSYW NS0 NTIAYVA NRPTMA P'7NNa nNIT-2 avxiap .3 'on vp'Nd
D'T?' 27U NNIT "2 NPT Y7002 N9 'NaNY? [N oxN nna [Shapiro et al., 2023]
3NN 1IN NITYA .0"'N2A0 0 T 7Y NINWNY? NYSwIn 1T NIDYNN OXNI 0NN
.DNMIN2 NNIMN 127 o'¥Rya BA 12w npTa,32 7'an apynin

DN'RYRY 7Y 2170 7anY 730 DN QP2 ANIMNA NZNAm AT AT ENRn 'RYNn
HR=) |jvhon nninni (HR=1.19) n1dion nnmn ,(HR=1.10) nia'on 751 nnmn :AnI' nida
-7 Axnwna M1 SEP oy ninoswn 1y N tn afn nid‘on 72n animn? wpn L(1.07

.(pinteraction<0.001) 0127 nX1wWN2 N7 (Pinteraction=0.04) niaa SEP
(SEP) n"nn 17nn2 *75%5-'M12n Tayn NYSwin DX IPTA 0T 9'7n Pnna Shigonl I T

771N 17U Apnnn .DNNIN PR [N DIRYRYA [N NRPTTAN 70N 2V DUTNIANINN DMl

2020 9 6.0n 0910



No. of research proposal

2018/202/x

NITTNY WmM'y T Y .17wn 0"9'x50 D'TY' DNN TNXR 727w ,0Mp'y D'07'NS nUITYY
NN NNRPTINN 770N DX 1YN7 1IN7¥0 07NN YXARA NY'WWY NINA2 NRPZTIN 79 NI9pen
,D"NIT7''N D"OXN NN7¥N2 N'N'T LI7R DNITTN NIYYNXRA 727 nNIYEn Niznn nysin 199
;)21 NNN' .NNRRTINN NYRN7 DNNY DHIYYY '1'YWY 0NN DY NIANINN-I'YIO D'MNIA DA 11D
NI 7Y AT 2 12 07 N7OWN YO W NIRTAN NIYOWAN 7V IR 191V 17W apnnn
JNPTTNN 7 MNOWNN 'OIND DX D'YATA 17W D'RYNNAN L[YX7 2IWN .NN212NRN N'OI7DIRN
D'N2'A0I D"V D'MIIAN D'YOYIN NINDWN N2 NNRTIMN "2170nw D 2V yaxnw nn
NIX DTPNA DT 97'N-2N0 7NN Niynwn Ton pnwn SEP ,n%X D"N20 oman |2 . TNXd
J'70n1 D'NIaNINN o' L,SEP nvnn 17nna SEP 1A ptaoman *mian ron' 2% nnin

TN
DY DINKI QP'N-ANT 0N 7V 002NN NI 'WAIRT7 NIX'al Nt nphwn

-I'¥YI0 0'MIIA7 NN'EN NN NYOWNN NIX DATA 'NDIN IpPNAN 0N ATIZN pnnn
N722M DYR IT QYOYUN D WATA? W' AT0IDIND NPT 72V DUNRNINNE DYNNIER
NI7NNn INN'S DOVY DNWY DNAIAN 7V DA DY'DYN V7NN K7X ,D'W'YUPN NUOITDINY
DN PY ,NINTTAN WalR 7V DImivnwn NRwN pwr 1770 0'RYAn? nnpTm? nnivpn
N¥YNINN NRPTIN DX N7 [N0AY DINTRIM NIAIYNN DIYY 07TV DNTANY 0'0Q DINN
NT'N M2 [N17RY N L,NRN NIRRT 0TR? NIN 7Y NINDWN2 02 1D [12'02 DMWY 11

AN amm
NN

Shapiro et al. Familial aggregation of the aging process: biological age measured in
young adult offspring as a predictor of parental mortality. Geroscience. 2023
Apr;45(2):901-913. doi: 10.1007/s11357-022-00687-0.2022

Youssim et al. Independent associations of inter-spousal gaps in age and education

with long-term mortality and cancer survival: the Jerusalem Perinatal Study 1964 -
2016. Ann Epidemiol. 2022;70:32-36.

2020 10 6.0n 0910



No. of research proposal

2018/202/x

Section 5: Comprehensive scientific report - English

SCIENTIFIC BACKGROUND

As the population ages, identifying intervention targets to prevent non-
communicable diseases (NCDs) is a major public health priority. The
pathophysiology of NCDs begins earlier in life and manifest throughout the life-
course. Socioeconomic position (SEP) and longitudinal change in SEP (social
mobility) are strong predictors of NCDs, and premature mortality. Leading theories
hypothesize that exposure to socioeconomic disadvantage leads to dysregulation of
immune/inflammatory systems that are associated with accelerated aging.
Nevertheless, individuals vary in the degree to which they succumb to the negative
health consequences of disadvantageous environment, as a function of their
cognitive, behavioral and genetic traits. Characterizing the processes by which
these traits may modify the deleterious effects of socioeconomic disadvantage on

long-term aging outcomes is a key public health objective.

RESEARCH OBJECTIVES

The overarching goal of this study was to comprehensively examine associations of
life course SEP on aging measured in offspring and in their parents, and to assess
how behavioral and psychosocial factors contribute to these associations. Aging in
offspring was measured by using aging-related risk factors separately and as an
aggregate score reflecting biological aging. Aging in parents was reflected by

mortality, overall as well as cause-specific.

This broad question was fragmented into a series of projects, each with a specific
objective addressing a different perspective of the overarching goal. These projects
either focus on aging in offspring, aging in parents or the link between the two.

METHODOLOGIES AND FINDINGS

Project #1. Determinants of aging in offspring

We investigated the socio-demographic, behavioral and physiological determinants

of biological aging. Specifically, we present the results from the investigation of the
2020 11 6.0n 091V
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effects of body size trajectories, sociodemographic and behavioral factors, as well
as perinatal obstetric events on biological aging. Data for the following analyses
was acquired from ~1470 JPS Follow-up study participants with the mean age of
32, and a subsample of ~600 of those participants 10 years later (at the age of
~42), referred to here as the JPS Aging Follow-up study. The following analyses
were submitted as Master’s theses and are currently being prepared for publication.

A. Body size trajectories from birth to adulthood and biological aging

Data from 1464 JPS Follow-up study participants was analyzed to examine the
relationship between body size trajectories and biological age (BA). BA was
estimated using the Klemera-Doubel method (KDM), which estimates BA as the
age at which the individual physiology would match the mean in a reference sample
(NHANES-III).

Across all three time points (birth, age 17, and age 32), males were larger than
females, and both males and females had an increase in mean body mass index
(BMI) with age. Trajectory variables were calculated as the difference of the z-
scores of body size between each two time points. We found that a 1 standard
deviation (SD) increase in ‘birth to age 17’ trajectory was associated with 1.14 years
(p<0.001) increase in BA, and 1.32 years (p<0.001) increase in BA with the age ‘17
to age 32’ trajectory (adjusted for the other trajectory and other covariables) (Table
1).

Next, a categorical approach for body size trajectory was used. For each of the two
continuous trajectories we defined all individuals who were +0.5 SD around the
mean as ‘stable’ trajectory, SD>0.5 below the mean as ‘instable decrease’ and
SD>0.5 above the mean as ‘instable increase’. We found that participants in the
“‘unstable increase” group were biologically older than those in the “stable” group,
while those in the “unstable decrease” group were biologically younger, in both
‘birth to age 17’ and ‘age 17 to age 32’ trajectories (Table 1). The associations
between body size trajectories and biological age were similar for males and

females.
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Table 1. The associations of body size trajectories with biological age.
Model 1 Model 2 Model 3

N=1464 coefficient 95%ClI \%Iue ;:oefficien 95%ClI p-value coefficient  95%ClI p-value
Body size trajectories
Continuous trajectory
Birth to age 17 0.510 895'312%7)’ 0.001 1.141 (19;570%2)’ <.001
Age 17 to 32 1.321 20790:?5 <.001 1.318 5_07%37()) <.001
Categorical trajectory
Birth to age 17

Unstable decrease -0.580 gllz.gé)o, 0.171 -0.985 8.11'32’)4 T 023

Stable Ref. Ref.

Unstable increase 1.004 (10820016; 0.013 1.446 (202%235; .001
Age 17 to age 32

Unstable decrease -1.023 8_12'13)7 T 010 -0.807 g%gg)“ T 037

Stable Ref. Ref.

Unstable increase 1.246 (109%9;; .001 1.171 (1094214% .002

All models are adjusted for sex, ethnic origin, maternal education, gestational age, gestational weight gain, pre-pregnancy BMI,
academic degree, religiosity, and baseline measurements (Model 1 and 3 adjusted for birthweight; Model 2 adjusted for BMI at

age 17)

Finally, a second categorical approach was used to define body size trajectories

(i.e. clinical BMI trajectories) which was based on the change in clinical BMI

categories (underweight, normal, overweight, obese) from age 17 to age 32 only.

The participants were defined with four trajectories; ‘stable-low’ was defined as

those who maintained being underweight or normal at 17 and 32, ‘stable high’

maintained being overweight or obese, ‘unstable decrease’ from a higher category

to lower, ‘unstable increase’ from a lower category to higher. Adjusted multivariable

linear regression models showed that, from age 17 to age 32, among the "unstable

increase" trajectory group, participants were 1.33 years older (p<0.001) compared

to “stable-low” trajectory group (Table 2).

2020
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Table 2. The associations of clinical BMI trajectory with biological age: results from

multivariable regression model.

N=1464 coefficient (95%CI) P-value

Clinical BMI trajectory

Age 17 to 32
Stable-low Ref.
Stable-high 0.023 (-1.611, 1.658) 0.978
Unstable decrease -1.829 (-4.053, 0.395) 0.107
Unstable increase 1.332 (0.611, 2.054) <0.001

Model is adjusted for sex, ethnic origin, maternal education, gestational age, gestational weight gain,

pre-pregnancy BMI, academic degree, religiosity, and BMI at age 17.

B. Body size trajectories from birth to adulthood associations with midlife cognitive

function

Data from 363 JPS Aging Follow-up study participants was used to examine the
relationship between body size measures (birthweight, body mass index (BMI) at
ages 17, 32, and 42) and cognitive function measured at age 42. Cognitive function
was measured using the CANTAB (Cambridge Neuropsychological Test Automated
Battery) cognitive battery. The tests measure various aspects of cognitive function,
including episodic memory, executive function, processing speed, and attention.
The tests results were then reduced to five scores using Principal Component
Analysis (PCA), to create overall and test-specific scores for cognitive performance.
The results showed that higher birthweight was significantly associated with better
overall cognitive performance, executive function, and attention, and had a
borderline significant association with processing speed (=0.34, 0.40, 0.32 and
0.27, respectively), adjusted for BMI at the ages of 17, 32 and 42.

The associations of body size trajectories with midlife cognitive performance were
investigated in models adjusted for sex, age, and level of education. These models
include computed z-score differences of body size from birth to age 17, birth to age
32, age 17 to age 32, and age 32 to age 42. Statistically significant results were
found only for the association of body size difference between birth to age 32 with
overall cognitive performance (B=-0.09, p=0.01), processing speed (p=-0.08,

p=0.04), and attention (3=-0.019, p=0.01), indicating that a relatively larger increase
2020 14 6.0n 091V
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in body size between these years is associated with poorer cognitive performance.
The associations between an increase in other body size change variables and
cognitive scores remain mostly negative and non-significant. It is noteworthy that
adjustment for birthweight caused these associations to diminish.

C. Sociodemographic and behavioral predictors of biological age at midlife using a

multisystemic aging score

Data from JPS Aging Follow-up study participants was used to study the
association between sociodemographic and behavioral factors at the age of ~32
and three biological aging measurements 10 years later (at the age of ~42): (1) a
multisystemic aging score (MAS); (2) A cardiometabolic age; and (3) pace of aging
between ages 32 and 42. The MAS included measures of cognitive function
(CANTAB), mobility (gait speed), and cardiometabolic-respiratory score. The
cardiometabolic-respiratory was calculated using the aforementioned KDM with 11
biomarkers: glucose, BMI, systolic and diastolic blood pressure, total cholesterol,
triglycerides, waist circumference, HDL-C, LDL-C, insulin, glycated hemoglobin and
forced expiratory volume (FEV1). The standardized values of each score was
divided by three to obtain an equally weighted composite score which we named
the MAS, similarly done in previous studies. Cardiometabolic age and the pace of
aging were calculated also with KDM, using only cardiometabolic-related
biomarkers.

The results showed that having a lower level of education (3=0.39, p<0.001) and
being ultraorthodox (B=0.32, p<0.001) were associated with a higher MAS,
indicating worse aging, 10 years later. However, engaging in intense physical
activity was inversely associated with the MAS score (B=-0.2, p=0.046) (Table 3).
All findings became insignificant when introducing all other sociodemographic and
behavioural factors to the model, except for the association of low education level
with MAS (3=0.26, p=0.02).
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Table 3. Associations of sociodemographic and behavioural characteristics at age
32 with MAS at age 42 in univariable analysis (N = 366).

Variable coefficient p-value 95% ClI
Sociodemographic factors

Sex

Male -0.09 0.17 -0.21-0.04
Female Ref

Religiosity

Ultra-orthodox 0.32 <0.001 0.15-0.49
Religious 0.01 0.09 -0.15-0.18
Traditionalist/Secular Ref

Level of Education (years)

<12 0.39 <0.001 0.25-0.55
13-15 0.04 0.52 -0.11-0.20
216 Ref

Household’s SES at birth

Low/Moderate 0.04 0.45 -0.08-0.18
High Ref

Marital status

Single Ref

Married 0.12 0.20 -0.06 — 0.30
Divorced 0.11 0.58 -0.29 - 0.51
Origin

Middle East 0.11 0.26 -0.08 -0.31
North Africa 0.07 0.37 -0.09-0.24
Europe/America 0.09 0.29 -0.08 - 0.26
Israel Ref

Behavioural factors

Physical activity

No PA Ref

Mild PA 0.12 0.29 -0.10-0.33
Intense PA -0.20 0.046 -0.40 - -0.003
Smoking status

Never smoked Ref

Past smoker 0.02 0.82 -0.17-0.21
Current smoker 0.02 0.87 -0.13-0.18

Regarding, cardiometabolic age, results from a multivariable analysis (Table 4),

show that male sex was associated with older cardiometabolic age (B=2.91, p
<0.001), while North African origin (= -2.33, p= 0.01), and European origin (B= -
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2.79, p= 0.002) were independently associated with young cardiometabolic

biological age.

Table 4. Associations of sociodemographic and behavioural characteristics at age

32 with cardiometabolic biological age at age 42 in multivariable analysis (N = 598)

Variable coefficient p-value 95% ClI
Sociodemographic factors

Sex

Male 2.91 <0.001 1.61-4.22
Female Ref

Religiosity

Ultra-orthodox -0.04 0.97 -2.03 - 1.96
Religious -0.39 0.65 -2.12-1.33
Traditionalist/Secular Ref

Level of Education (years)

<12 1.76 0.17 -0.74 - 4.25
13-15 0.40 0.66 -1.36 - 2.17
=216 Ref

Mother’s country of origin

Middle East -0.96 0.36 -3.04-1.12
North Africa -2.33 0.01 -4.02 - -0.65
Europe/America -2.79 0.002 -4.57 - -1.02
Israel Ref

Finally, we calculated a pace of aging estimate by comparing cardiometabolic age

at ages 32 and 42. The results presented in Table 5 show that males had a faster

pace of aging than females ($=3.07, p<0.001), while engaging in mild physical
activity (B=-2.33, p=0.01), being of North African origin (= -2.05, p= 0.005), or
European origin (= -2.47, p= 0.001) were associated with a slower pace of aging.
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Table 5. Associations of sociodemographic and behavioral factors at age 32 with
the pace of aging from age 32 to age 42 in multivariable analysis (N = 598)

Variable coefficient p-value 95% ClI
Sociodemographic factors

Sex

Male 3.07 <0.001 1.69 - 4.06
Female Ref

Religiosity

Mother’s country of origin

Middle East -1.55 0.08 -3.04 - 0.52
North Africa -2.05 0.005 -3.57 - -0.66
Europe/America -2.47 0.001 -4.07 - -1.06
Israel Ref

Behavioural factors

Physical activity

No PA Ref
Mild PA -2.33 0.01 -4.20 - -0.47
Intense PA -1.34 0.13 -3.09-0.40

Smoking status

Never smoked Ref
Past smoker 0.70 0.42 -0.99 -2.39
Current smoker 0.86 0.23 -0.55-2.26

D. Perinatal obstetric complications and biological aging

Data from JPS Follow-up study participants was used to study the association
between obstetric complications (OC) score and offspring BA at young adulthood
(age ~32). The effects of early life exposures on offspring life-course health are well
established, referred to as the developmental origins of health and disease
(DOHaD). This theory claims that exposures induced in early human development
have a critical role in shaping organs and physiological systems of the fetus, and
thus determining their function throughout life.

The OC score was calculated by counting obstetric adverse events, including
maternal gestational diabetes/hypertension/heart disease, pre-eclampsia, placenta
previa, premature rupture of membranes, premature separation of placenta,

prolapse of cord, hydramnios, pre-term delivery, c-section, low birthweight, infant
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small or large for gestational age, hyperbilirubinemia, Rh/ABO incompatibility, Fetal
distress/asphyxia and minor malformation). We examined the OC score potential
effect on BA at the age of ~32 through linear regression.

Figure 1 shows that mean BA was higher among offspring with OC score of 2 and
higher (mean BA= 29.05), compared to one or no obstetric complications (mean
BA= 27.46 and 27.09, respectively). ANOVA test yielded a p-value of 0.013.

In a regression model which adjusted for gender, OC score was significantly
associated with older BA at age ~32. An increase of one obstetric complication was
associated with 1.413 increase in years of BA (Table 6). This association was
tested separately for male and female offspring. Among females the association
between OC score and BA was weaker and not significant (8=0.508, p=0.231),
while the association among males was considerably stronger (=2.229, p=0.001)
and statistically significant. However, when sex*OC interaction term was introduced

into the model, the coefficient for the interaction term was not significant.

Table 6. Linear regression models for estimating the association between OC score

with offspring BA at age ~32.

N Coefficient P-value 95%ClI
All sample
oC (0.609,
score 1210 1.413 0.001 2.217)
Females
-0.324
oc 0.508 0.231 (-0.324,
score 604 1.340)
Males
ocC (0.907,
score 606 2.229 0.001 3.551)
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Figure 1. Mean offspring BA at age ~32 for categories of OC score.
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In sum, results of the abovementioned four studies, demonstrate that perinatal
obstetric complications, body size from birth to adulthood, and socio-behavioral
factors contribute to various aspects of aging measured in early adulthood and

midlife.

Project #2. Determinants of aging in parents

In this recently published work [Youssim et al, 2022] we aimed to identify factors
responsible for variation in health among married individuals, we investigated the
independent associations ofgaps in spousalage and education (or
“heterogamy”) with all-cause and cause-specific mortality as well as with survival of
cancer patients. Using over 4 decades of follow-up data on 36,717 couples from
Jerusalem (1964-2016), we compared heterogamous with homogamous couples.
Our findings demonstrated that having a less educated spouse was associated with
an increased risk for several outcomes in both genders, such as all-cause mortality
in males (hazard ratio(HR)=1.18,confidence interval(Cl):1.12,1.25)
and in females (HR=1.11,CI:1.01,1.22). Having amore  educated spouse was
associated with decreased all-cause mortality in males (HR=0.93,CI:0.87,0.99),

but not in females. Having an older spouse was detrimental
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for health of both genders. For example, increased all-cause mortality was seen in
men (HR=1.22,CI1:1.10,1.34) and in women (HR=1.10,CI:1.02,1.19). A younger
spouse was beneficial for some of the outcomes in males, such as decreased
cancer-specific mortality (HR=0.88,CI:0.78,0.99), but not in females.

We concluded that spousal gaps in education and age may be independently
associated with health outcomes. The observed relationships may be driven by
combined amounts of marital strain as well as shared spousal resources (such as

knowledge or income) depending on gender.

Project #3. Intergenerational associations in the aging process

In this yet another published work [Shapiro et al., 2023] we aimed to assess the
intergenerational continuity of biological aging (BA) and the extent to which this
continuity may be modified by environmental factors. Using data from the
Jerusalem Perinatal Study (JPS), we tested if differences in offspring BA were
related to mortality in their parents. We measured BA using biomarker data
collected from 1,473 offspring during clinical exams in 2007-9, at age 32+1.1.
Parental mortality was obtained from population registry data for the years 2004-16.
We fitted parametric survival models to investigate the associations between
offspring BA and parental all-cause and cause-specific mortality. We explored
potential differences in these relationships by socioeconomic position (SEP) and
offspring sex.

The results showed that participants’ BAs widely varied (SD=6.95). Among those
measured to be biologically older, parents had increased all-cause mortality
(HR=1.10,95%CI:1.08,1.13), diabetes mortality (HR=1.19,95%CI:1.08,1.30) and
cancer mortality (HR=1.07,95%CI:1.02,1.13). The association with all-cause
mortality was stronger for families with low compared with high SEP (pinteraction=0.04)

and for daughters as compared to sons (pinteraction<0.001).

In sum, using a clinical-biomarker-based BA estimate, observable by young
adulthood prior to the onset of aging-related diseases, we demonstrate
intergenerational continuity of the aging process. Furthermore, variation in this

familial aggregation according to household socioeconomic position (SEP) at
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offspring birth and between families of sons and daughters proposes that the

environment alters individuals’ aging trajectory set by their parents.

DISCUSSION AND CONCLUSIONS

In this extensive study, we have thoroughly examined the influence of life course
socioeconomic position (SEP) and behavioral factors on the aging process in both
offspring and their parents. To achieve this, our research was divided into three
main projects, each with its own specific objectives. By utilizing comprehensive
measurements of aging in young adulthood and midlife, we were able to assess the
aging process well before the onset of age-related diseases. Through these
measurements, we successfully identified obstetric characteristics, as well as
modifiable socio-behavioral factors, that may contribute to accelerated aging.
Furthermore, our study sheds light on the detrimental effects of educational and age
gaps between spouses on the health of the elderly population. Importantly, our
findings highlight the familial nature of aging, indicating that aging trajectories within
families are influenced by both genetic and environmental factors. Among these
environmental factors, socioeconomic position plays a significant role. By
undertaking this comprehensive investigation, we have expanded our
understanding of the complex interplay between life course SEP, behavioral factors,
and the aging process.

POLICY IMPLICATIONS AND RECOMMENDATIONS

Based on comprehensive data from the Jerusalem Perinatal Study birth cohort, our
research reveals compelling evidence of the substantial influence that
socioeconomic and behavioral factors have on population aging. Notably, this
impact extends beyond the elderly population and also affects young adults who
have yet to experience the onset of aging-related diseases.

These findings carry significant implications for policymakers, as they provide a
basis for establishing targets and implementing early interventions aimed at
mitigating accelerated aging among at-risk young adults as well as in families. By
focusing on this at-risk population, interventions can be designed to promote
healthy aging and address potential age-related health challenges at an early stage.
By recognizing the powerful impact of socioeconomic and behavioral factors on

aging, our study underscores the importance of proactive measures to promote
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well-being and healthy aging. Implementing early interventions targeted at young
adults at risk for accelerated aging aligns with the broader objective of enhancing
healthy aging outcomes, both in Israel and on a wider scale.

REFERENCES

Shapiro et al. Familial aggregation of the aging process: biological age measured in
young adult offspring as a predictor of parental mortality. Geroscience. 2023
Apr;45(2):901-913. doi: 10.1007/s11357-022-00687-0.2022

Youssim et al. Independent associations of inter-spousal gaps in age and education

with long-term mortality and cancer survival: the Jerusalem Perinatal Study 1964 -
2016. Ann Epidemiol. 2022;70:32-36.

2020 23 6.0n 0910





