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Supplementary Material 1. Participants flowchart
HEAP, Health, Ethnicity, and Pandemic.
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Source population
Health, Ethnicity, and Pandemic (HEAP) Study 



n=2,709



Exclude participants (n=93) whose self-reported 
race/ethnicity was not non-Hispanic White, non-Hispanic 



Black, non-Hispanic Asian, or Hispanic due to small sample 
size (i.e., American Indian or Alaska Native: n=7, Pacific 



Islander: n=35, multiracial: n=34, other: n=17) 



Population with race/ethnicity
n=2,706 



Analytical population
Participants whose self-reported race/ethnicity was non-Hispanic 



White, non-Hispanic Black, non-Hispanic Asian, or Hispanic
n=2,613



Exclude participants who did not report race/ethnicity 
(n=3)

















Women who developed GDM (cases)
N = 107



Women who did not develop GDM 



N = 2695



Nested case control study



107 GDM cases and 214 non-GDM controls. 



N = 312



Source cohort
Eunice Kennedy Shriver NICHD Fetal Growth Studies-Singletons cohort



N = 2802



Women who did not develop GDM (controls). 
Matched to cases (2:1) on age (±2 years), race/ethnicity, 



and gestational week of blood collection (±2 weeks).



N = 214



Non-GDM women not selected as controls



N = 2481



Exclude GDM cases without MUFAs measured at baseline



N = 3



Nested case control study, analytical population
104 GDM cases and 214 non-GDM controls who had both PA and individual MUFAs been measured at baseline. 



N = 318











Women who developed GDM (cases)
N = 107



Women who did not develop GDM 
N = 2695



Nested case control study
107 GDM cases and 214 non-GDM controls. 



N = 312



Source cohort
Eunice Kennedy Shriver NICHD Fetal Growth Studies-Singletons cohort



N = 2802



Women who did not develop GDM (controls). 
Matched to cases (2:1) on age (±2 years), race/ethnicity, 



and gestational week of blood collection (±2 weeks).
N = 214



Non-GDM women not selected as controls
N = 2481



Exclude GDM cases without MUFAs measured at baseline
N = 3



Nested case control study, analytical population
104 GDM cases and 214 non-GDM controls who had both PA and individual MUFAs been measured at baseline. 



N = 318











Eunice Kennedy Shriver NICHD Fetal Growth Studies-Singletons cohort
N = 2802



Exclude women according to exclusion criteria after enrollment (n = 39 [2] or n= 18 [3,4]?)



Loss to follow-up (n=217 [1,2] or other number not specified based on 2802 women  [5]?)
N = 2585 followed to completion [1,2].



Women who developed GDM (cases).
N = 107



Women who did not develop GDM (controls), matched to 
cases (2:1) on age (±2 years), race/ethnicity, and of blood 



collection (±2 weeks).
N = 214



Nested case control study, analytical population 
(applying weights to be representative of the original cohort)



N = 312



Participants with
variable of interests:



PA: 8–13 GW, N = 321



MUFAs: 10–14 GW, N = 318 
[biomarkers measured among 



all the cases (n = 107) and
controls (n = 214)]



Baseline covariates 
except dietary variables (N=198),



did not have missing(N=321).



Participants with
variable of interests:



PA: 16–22 GW, N = 319



MUFAs: 15–26 GW, N = 308
[biomarkers measured among 



all the cases (n = 107) and
controls (n = 214)]



Participants with
variable of interests:



PA: 24–29 GW, N = 309



MUFAs: 23–32 GW, N = 207 
[biomarkers measured among 



all the cases (n = 107) and
one of their controls (n = 107)]



Participants with
variable of interests:



PA: 34–37 GW, N = 281



MUFAs: 33–39 GW, N = 190
[biomarkers measured among 



all the cases (n = 107) and
one of their controls (n = 107)]



The inconsistent number of excluded ineligible women after enrollment 



The inconsistent number of loss to follow-up.



Following question:
Should the number and percentage of 
loss to follow-up be calculated after 
excluding people who were ineligible? 
Why for both the design paper [1] and 
Dr. Zhang’s paper [2], the loss to follow-up 
was counted based on 2802 enrolled women
at the beginning?  











Women who developed 
GDM.



N = 107



Women who did not 
develop GDM.



N = 2,695



Non-GDM women 
not selected as 



controls.
N = 2,481



Non-GDM women as 
controls. 
N = 214



One GDM case was matched 
with 2 non-GDM controls on
age (±2 years), race/ethnicity, 
and GW of blood collection 



(±2 weeks).



matched











M2: Visceral fat 



Visit 1



M1: Physical 
activity



L1 at visit 1 (confounders for M1 and M2, M1 and Y, 
M2 and Y induced by X): socioeconomic variables 
(i.e., education status, marital status, annual 
household income, insurance, employment status)



C1 at visit 1 (confounders for X and 
M1, X and M2, X and Y, X and L1, X 
and L2): age, sex, and field center



Visit 1 Visit 2 or Visit 3



C2 at visit 1 (confounders only for X 
and Y): family history of diabetes



L2 at visit 1 (confounders for M1 and M2, 
M1 and Y, M2 and Y induced by X): 
behaviors (i.e., diet, smoking, alcohol 
drinking)











Visceral fat Type 2 Diabetes



Visit 1 Visit 2 or Visit 3



Physical activity



Visits after visceral
fat measurement 











expectation of each variable except 



1b: Model mediator 1 M1 on 
exposure X and all confounders C 



1c: Model mediator 2 M2 on 
exposure X, mediator 1 M1, and all 
confounders C [i.e., E(M2|X=x, 



1d: Model the outcome Y on 
exposure X, mediator 1 M1, 



confounders C [i.e., E(Y|X=x, 



Step 2: Simulate mediators 
and outcomes



2a: Create J copies of the original sample
2b: Simulate an intervention X which follows 
the observed prevalence of X but is 
marginally independent of simulated 
confounders.
2c: Simulate mediator 1 for each type of 
effect as a function of its parent variables 
(simulated confounders and intervention X 
from 2a and 2b), using the parameters 
obtained from the M model in the step 1b.
2d: Simulate mediator 2 for each type of 
effect as a function of its parent variables 
(simulated confounders, intervention X, 
mediator 1 from 2a, 2b, and 2c), using the 
parameters obtained from the M model in 
the step 1c.
2e: Simulate Y for each type of effect as a 
function of its parent variables (simulated 
confounders, intervention X, mediator 1, 
mediator 2, from 2a, 2b, 2c, and 2d), using 
the parameters obtained from the Y model in 
the step 1d.



3a: Regress each different 
type of effect Y on 
intervention X to get point 
estimates of each marginal 
effect using the polled data 
with J copies of the original 
sample.
3b: Use bootstrap to get 
standard errors and 95% 
confidence intervals. 
Randomly select the 
original sample K (at least 
200) times, and repeat 
step 1
replicate.











Type 2 Diabetes



Visit 1 Visit 2 or Visit 3



Behaviors (e.g.,
physical activity, 
diet, smoking, 



alcohol drinking,
certain drugs)



Overall obesity 
(e.g., total fat 



mass)



Psychosocial factors



Fat distribution 
(e.g., visceral fat)



Psychosocial factors



Visits after visceral
fat measurement 



Overall obesity 
(e.g., total fat 



mass)



Behaviors (e.g.,
physical activity, 
diet, smoking, 



alcohol drinking,
certain drugs)











M2: Visceral fat 



Visit 1



M1: Physical 
activity



C1 at visit 1 for X and Y, X and M1, X 



socioeconomic variables (i.e., education 
status, marital status, poverty status, 
insurance, employment status), and 



L1 at visit 1 for M1 and 
M2, M1 and Y, M2 and Y 
induced by X: [e.g., 
behaviors (i.e., diet, 
smoking, alcohol 
drinking)



C2 at visit 1 only  for X and Y: 



Visit 1 Visit 2 or Visit 3











Visit 1 Visit 2 Visit 3



Behaviors (e.g.,
physical activity, 
diet, smoking, 
certain drugs)



Behaviors (e.g.,
physical activity, 
diet, smoking, 
certain drugs)



Behaviors (e.g.,
physical activity
diet, smoking, 
certain drugs)



Overall obesity



Psychosocial factors



Fat distribution 
(e.g., visceral fat)



Fat distribution 
(e.g., visceral fat



Overall obesity Overall obesity



Psychosocial factors Psychosocial factors











Fat distribution 
(e.g., visceral fat)



Premenopausal Perimenopausal Postmenopausal



Behaviors (e.g.,
physical activity, 
diet, smoking, 
certain drugs)



Behaviors (e.g.,
physical activity, 
diet, smoking, 
certain drugs)



Behaviors (e.g.,
physical activity
diet, smoking, 
certain drugs)



Overall obesity



Psychosocial factors



Fat distribution 
(e.g., visceral fat)



Fat distribution 
(e.g., visceral fat



Overall obesity Overall obesity



Psychosocial factors Psychosocial factors











Race (Black, Asian, 
Hispanic vs. White)



Fat distribution 
(e.g., visceral 



fat)



Psychosocial 
factors



Behaviors (e.g.,
physical activity, 
diet, smoking, 
certain drugs)



Distal factors Proximal factors



Age, gender, 
socioeconomic variables 



(i.e., education status, 
marital 



status, poverty 
status, insurance), family 



history of diabetes



Overall 
obesity











Fat distribution 
(e.g., visceral 



fat)



Resources



Environments



Culture and 
acculturation



Discrimination Psychosocial 
factors



Behaviors (e.g.,
physical activity, 
diet, smoking, 
certain drugs)



Overall 
obesity



Pancreatic 
fat



Social culture/community/
family factors



Individual 
behavioral and 



psychosocial factors
Individual biological 











Fat distribution 
(e.g., visceral 



fat)



Resources



Environments



Culture and 
acculturation



Discrimination



Socioeconomic variables 
(i.e., education, marital 



status, poverty 
status, insurance)



Psychosocial 
factors



Behaviors (e.g.,
PA, diet, smoking, 



certain drugs)



Overall 
obesity



Pancreatic 
fat



Social culture/community/
family factors



Individual 
behavioral and 



psychosocial factors
Individual biological 











Fat distribution 
(e.g., visceral 



fat)



Resources



Environments



Culture and 
acculturation



Discrimination Psychosocial 
factors



Behaviors (e.g.,
PA, diet, smoking, 



certain drugs)



Overall 
obesity



Pancreatic 
fat



Social culture/community/
family factors



Individual 
behavior/ psychosocial 



factors
Individual biology



Demographic variables 











Race



Physical activity



Visceral fat











Visceral fat Visceral fat Visceral fat 



Premenopausal Perimenopausal Postmenopausal



Physical activity Physical activity Physical activity











Race



Physical activity



Visceral fat











Race



aim 1



aim 1



Physical activity



Visceral fat



aim 2











Race



Path 1



Path 2



Path 3



Path 4



Physical activity



Visceral fat











Race Modifiable factor Fat distribution











Modifiable factor Fat distribution



Fat distributionModifiable factor 



objective 1



objective 2



objective 3











Modifiable factor Fat distribution



Fat distribution 
(e.g., visceral fat)



Modifiable behavior 
(e.g., physical activity) 



objective 1



objective 2



objective 3











Modifiable factor Fat distribution



Fat distribution 
(e.g., visceral fat)



Modifiable behavior 
(e.g., physical activity) 











Race



PA



Diet



Visceral fat



Subcutaneous fat 



Trunk fat











Race



Path 1



Path 2



Path 3



Path 4



Physical activity



Visceral fat











Race



Physical activity



Visceral fat











PA



Diet



Visceral fat



Subcutaneous fat 



Trunk fat











PA



Diet



Visceral 
fat



Objective 1



Objective 1



Objective 1



Objective 1



Obje
cti



ve
 1 



Objective 2.1
Objective 2.1



Objective 2.2



Obje
cti



ve
 2.



2



O
bjective 2.3  



Objective 3 
Objective 3 



Objective 4



Objective 4











PA



Diet



Objective 2.1 (aim 1)



Objective 2.2 (aim 1)



Visceral 
fat



Objective 1  (aim 1) 



Objective 2.1



(aim
1 & aim



 2) 



Obje
cti



ve
 2.



2



(ai
m



 1 
& ai



m
 2)



O
bjective 2.3  



Objective 1 
exposure:
visceral fat



Objective 2 
outcome:
visceral fat



Objective 2 
exposure:
behaviors



Objective 1  (aim 1) 
Objective 1 



(aim
 1) 



Objective 1  (aim 1) 



Obje
cti



ve
 1 



(a
im



 1)
 











PA



Diet



Objective 3 (for Hispanics,  aim 1& aim 2)



Objective 4 (for Blacks, aim1 & aim 2)



Objective 3 (for Hispanics,  aim 1) 



Objective 4 (for Blacks, aim 1)



Objective 3, 
4 exposure:
behaviors











PA



Diet



Objective 2: w
hether  A



sia
n and 



Hisp
anics e



xpose to lower PA 



than  W
hites 



Objective 2



Visceral 
fat



Objective 1 : whether Asian and Hispanics had 
higher visceral fat than white  



Objective 1: whether the 
association holds and is different 
in races



Objective 2: whether



the association holds



and is different in races



Objective 1: 
Exposure



Objective 2: 
Exposure



Objective 2: 
Outcome



Objective 3: 
Exposure



Objective 2: whether  Asian and 



Hispanics expose to beneficial 



diet less than Whites



Objecti
ve



 2: w
hether



the asso
cia



tio
n holds



and is 
diffe



rent in
 



race
s



Objective 3: whether the 



association holds and is different in 



races



Objective 3: whether the 



association holds and is different in 



races











PA



Diet



Objective 2: w
hether  A



sia
n and 



Hisp
anics e



xpose to lower PA 



than  W
hites 



Objective 2



Visceral 
fat



Objective 1 : whether Asian and Hispanics had 
higher visceral fat than white  



Objective 1: whether the 
association holds and is different 
in races



Objective 2: whether



the association holds



and is different in races



Objective 1: 
Exposure



Objective 2: 
Exposure



Objective 2: 
Outcome



Objective 3: 
Exposure



Objective 2: whether  Asian and 



Hispanics expose to beneficial 



diet less than Whites



Objecti
ve



 2: w
hether



the asso
cia



tio
n holds



and is 
diffe



rent in
 



race
s



Objective 3: whether the 



association holds and is different in 



races



Objective 3: whether the 



association holds and is different in 



races











PA



Diet



Exposure: 
Chronic  stress



Exposure:
Behaviors:



Objective 1



Objective 2



Objective 3 



Objective 1  



Objective 2



Objective 3











LTPA



Beneficial 
dietary 
intake



Exposure: 
Chronic stress



Exposure:
Behaviors: Objective 1 (aim 1: whether LTPA associates 



with undiagnosed prediabetes in each race 



and overall population; aim 2: whether the 



association is different in racial groups) Objective 1 (aim 1: whether race minoritie
s 



expose to LTPA less compared to Whites)



Objective 2 (aim 1: whether race minorities 



expose to beneficial dietary intake less 



compared to Whites)



Objective 2 (aim 1: whether 



beneficial dietary intake associates 



with undiagnosed prediabetes in 



each race and overall population; 



aim 2: whether the association is 



different in racial groups) Objective 3 (aim
 1: whether race 



m
inorities expose to chronic stress



com
pared to W



hites) Objective 3 (aim 1: whether 



associates with undiag



prediabetes in each race and overall 



population; aim 2: whether th
e 



association is different in racial groups) 











Vigorous 
LTPA



Dietary fiber



Exposure: Chronic  
stress: allostatic load as 
physiological weathering 
due to stressful 
circumstances



Exposure:
Behaviors:



Aim 1 (Vigorous LTPA is inversely 



associated with undiagnosed prediabetes 



in overall population and Asian



association is similar



Whites) 



Aim 2 (Diet fiber was inversely associated with 



undiagnosed prediabetes in overall population 



and Blacks, and and the



similar in Blacks and Whites



Aim 3 (Chronic str
ess w



as positiv
ely asso



ciated with 



undiagnosed prediabetes in
 overall p



opulation and 



Blacks, a
nd and



Blacks and Whites



Aim 1 (Asians expose to less vigorous 



LTPA than Whites)



Aim 2 (Blacks exposed to less dietary 



fiber than Whites)Aim
 3 (Blacks exposed to m



ore 



chronic stress than W
hites)



LTPA
Aim 1 (Hispanics expose to less 



LTPA than Whites)



Aim 1 (LTPA was inversely associated with 



undiagnosed prediabetes in overall 
population and Hispanic, association was similar inWhites) 











Vigorous 
LTPA



Dietary fiber



Exposure: Chronic  
stress: allostatic load as 
physiological weathering 
due to stressful 
circumstances



Exposure:
Behaviors:



Aim 1 (Vigorous LTPA was inversely 



associated with undiagnosed prediabetes 



in overall population and Asian female) 



Aim 2 (Diet fiber was inversely associated with 



undiagnosed prediabetes in overall population 



and Blacks) 



Aim 3 (Chronic str
ess w



as positiv
ely asso



ciated with 



undiagnosed prediabetes in
 overall p



opulation and 



Blacks)  



Aim 1 (Asian female exposed to less 



vigorous LTPA than White female)



Aim 2 (Blacks exposed to less dietary 



fiber than Whites)Aim
 3 (Blacks exposed to m



ore 



chronic stress than W
hites)



LTPA
Aim 1 (Hispanic male exposed to 



less vigorous PA than White male)
Aim 1 (LTPA was inversely associated with 



undiagnosed prediabetes in overall 



population and Hispanic male) 











Vigorous 
LTPA



Dietary fiber



Exposure: Chronic  
stress: allostatic load as 
physiological weathering 
due to stressful 
circumstances



Exposure:
Behaviors:



Aim 1 (Vigorous LTPA was inversely 



associated with undiagnosed prediabetes 



in overall population and Asian female) 



Aim 2 (Diet fiber was inversely associated with 



undiagnosed prediabetes in overall population 



and Blacks) 



Aim 3 (Chronic str
ess w



as positiv
ely asso



ciated with 



undiagnosed prediabetes in
 overall p



opulation and 



Blacks)  



Aim 1 (Asian female exposed to less 



vigorous LTPA than White female)



Aim 2 (Blacks exposed to less dietary 



fiber than Whites)



Aim
 3 (Blacks exposed to m



ore chronic 



stress than W
hites)



LTPA
Aim 1 (Hispanic male exposed to 



less vigorous PA than White male)
Aim 1 (LTPA was inversely associated with 



undiagnosed prediabetes in overall 



population and Hispanic male) 











Vigorous PA



Dietary fiber



Visceral 
fat



Resources



Environments



Culture and acculturation



Discrimination



Psychosocial 
stress:
allostatic 
load



Behaviors:



Pancreatic 
fat



Overall 
obesity



aim 1



aim
 2aim



 3











Vigorous PA



Dietary fiber



Visceral 
fat



Resources



Environments



Culture and acculturation



Discrimination



Psychosocial 
stress:
allostatic 
load



Behaviors: Pancreatic 
fat



Overall 
obesity



aim 1



aim
 2



aim 3











PA



Diet



Visceral 
fat



Resources



Environments



Culture and acculturation



Discrimination



Psychosocial 
stress



Behaviors: Pancreatic 
fat



Overall 
obesity



social
culture/community 
systems



Individual 
systems



Organic
systems











β
dysfunction 



Low 
birthweight at 
birth



Postnatal life



AdultChildhood and 
adolescence











Insulin 
resistance



β
dysfunction 



Low 
birthweight at 
birth



Central 
obesity



Postnatal life



AdultChildhood and 
adolescence











Race (Asian & White)



Dietary fiber, MUFAs, n-3 
PUFAs, n-6 PUFAs  SFAs, Trans-
Fat



Vigorous PA, sedentary behavior 



Visceral adiposity 











Vigorous PA



Dietary fiber, PUFAs, 
SFAs



Visceral 
fat



Insulin 
resistance











Vigorous PA



Dietary fiber, PUFAs, 
SFAs



Visceral 
fat



Insulin 
resistance



Type 2 
Diabetes



e.g., genetics



e.g., genetics



e.g., 𝛽 cell 
dysfunction











Visceral fat











