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Model 1: Individual latent PFAS concentrations

In the main article we refer to “Model 1 PFOA”, “Model 1 PFOS”, and “Model 1 PFHxS” for the

three equivalent model 1’s respectively. Equations are only shown for PFOA association to

anti-diphtheria as example. The path diagram for Model 1 PFOA is shown in the main article in

Figure 1.

Equations of Model 1

logPFOA5 = logPFOA+ ε5 (1)

logPFOA7 = α + logPFOA+ ε7 (2)

logAnti-diphtheria7 = β0 +β1 · logPFOA+β2 ·C1 + · · ·+βk+1 ·Ck + εd (3)

log PFOA = ζ0 +ζ1 ·C1 + · · ·+ζk ·Ck + εl (4)

The ε5,ε7,εd,εl are normally distributed random errors. Furthermore, C1, . . . ,Ck denote the

covariates.
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Adjustment for serum albumin in Model 1

Figure S1: path diagram of albumin adjusted Model 1

Covariates
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PFOA Anti-diphtheria7

Albumin7 PFOA7

Figure S1: Structural equation model for association between PFAS exposure and antibody concentration

adjusted for albumin level. The model is shown for the relation between latent PFOA (circle) measured

by the 5- and 7-year observed concentrations (middle squares). The observed PFOA concentrations are

adjusted for observed albumin concentrations (left squares). "Covariates" (upper left square) are age, sex,

and booster type that predicts albumin and the latent PFOA concentrations additively and linearly.
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Equations of albumin adjusted Model 1

logPFOA5 = logPFOA+α5 · logAlbumin5 + ε5 (5)

logPFOA7 = α0 + logPFOA+α7 · logAlbumin7 + ε7 (6)

logAnti-diphtheria7 = β0 +β1 · logPFOA

+β2 · logAlbumin5 +β3 · logAlbumin7

+β4 ·C1 + · · ·+βk+3 ·Ck + εd (7)

log PFOA = ζ0 +ζ1 ·C1 + · · ·+ζk ·Ck + εl (8)

logAlbumin5 = ζ0,5 +ζ1,5 ·C1 + · · ·+ζk,5 ·Ck + εc5 (9)

logAlbumin7 = ζ0,7 +ζ1,7 ·C1 + · · ·+ζk,7 ·Ck + εc7 (10)

The ε5,ε7,εd,εl,εc5,εc7 are normally distributed random errors where we estimate

Cov(εc5,εc7) = Ω̃. Furthermore, C1, . . . ,Ck denote the covariates.

Table S1: results from albumin adjusted Model 1

Table S1: Results from the three Model 1s adjusted for serum albumin. Change is the change in percentages

in antibody concentration when the latent PFAS concentration is doubled.

PFOS PFOA PFHxS

Antibody N % Change 95% CI % Change 95% CI % Change 95% CI

Anti-diphtheria 448 −34.3 −52.5,−9.0 −34.8 −52.8,−10.1 −13.9 −27.9,2.9

Anti-tetanus 448 −14.8 −40.2,21.2 −36.5 −55.1,−10.2 −17.6 −31.9,−0.3

Goodness-of-fit: χ2-test P : 0.15−0.96 RMSEA: ≤ 0.001−0.04, CFI: 0.99 - 1.00, SRMR: 0.01 - 0.02
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Model 2: Mutually adjusted latent individual PFASs

Figure S2: path diagram of Model 2
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Figure S2: Structural equation model with three latent variables (circle), PFOA, PFOS, and PFHxS, each

measured by the respective 5- and 7-year concentrations (left squares). Subscripts indicate the year of the

measurements. "Covariates" (middle square) are age, sex, and booster type that predicts the latent variables

and the two anti-body concentrations additively and linearly.
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Equations of Model 2

logPFOA5 = logPFOA+ ε1,5 (11)

logPFOA7 = α1 + logPFOA+ ε1,7 (12)

logPFOS5 = logPFOS+ ε2,5 (13)

logPFOS7 = α2 + logPFOS+ ε2,7 (14)

logPFHxS5 = logPFHxS+ ε3,5 (15)

logPFHxS7 = α3 + logPFHxS+ ε3,7 (16)

logAnti-diphtheria7 = β0 +β1 · logPFOA+β2 · logPFOS+β3 · logPFHxS

+β4 ·C1 + · · ·+βk+3 ·Ck + εd (17)

logAnti-tetanus7 = γ0 + γ1 · logPFOA+ γ2 · logPFOSγ3 · logPFHxS

+ γ4 ·C+ · · ·+ γk+3 ·Ck + εt (18)

log PFOA = ζ0,1 +ζ1,1 ·C1 + · · ·+ζk,1 ·Ck + εl,1 (19)

log PFOS = ζ0,2 +ζ1,2 ·C1 + · · ·+ζk,2 ·Ck + εl,2 (20)

log PFHxS = ζ0,3 +ζ1,3 ·C1 + · · ·+ζk,3 ·Ck + εl,3 (21)

The ε5,ε7,εd,εt ,εl,1,εl,2,εl,3 are normally distributed random errors where we estimate

Cov(εd,εt) = Ω1, and Cov(εli,εl j) = σi j, i, j = 1,2,3. Furthermore, C1, . . . ,Ck denote the

covariates.
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Model 3: Joint PFAS concentration age 7 years

Figure S3: path diagram of Model 3
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Figure S3: Structural equation model with a latent 7 year PFAS exposure (circle) manifested by the three

observed 7 year concentrations PFOA, PFOS, and PFHxS (left squares). "Covariates" (middle square) are

age, sex, and booster type that predicts the latent variable and the anti-body concentrations additively and

linearly.

Equations of Model 3

logPFOA7 = α1 +λ1 · logPFAS7 + ε1 (22)

logPFOS7 = α2 +λ2 · logPFAS7 + ε2 (23)

logPFHxS7 = α3 +λ3 · logPFAS7 + ε3 (24)

logAnti-diphtheria7 = β0 +β1 · logPFASy +β2 ·C1 + · · ·+βk+1 ·Ck + εd (25)

logAnti-tetanus7 = γ0 + γ1 · logPFAS7 + γ2 ·C+ · · ·+ γk+1 ·Ck + εt (26)

log PFAS7 = ζ0 +ζ1 ·C1 + · · ·ζk ·Ck + εl (27)

The ε1,ε2,ε3,εd,εt ,εl are normally distributed random errors where we estimate Cov(εd,εt) = Ω.

Furthermore, C1, . . . ,Ck denote the covariates.
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Model 4: Mutually adjusted joint-year PFAS concentrations

Figure S4: path diagram of model 4

PFOS5 Covariates

PFOA5 PFAS Year5

PFHxS5

Anti-diphtheria7

PFHxS7

PFOA7 PFAS Year7 Anti-tetanus7

PFOS7

Figure S4: Structural equation model including a joint latent PFAS concentration at age 5 years (circle; Year

5), and a joint latent PFAS concentration at age 7 years (circle; Year 7). The two latent PFAS concentrations

are manifested by the observed PFOA, PFOS, and PFHxS concentrations at age 5 years, and at age 7 years

respectively. "Covariates" (middle square) are age, sex, and booster type that predicts the latent variables

and the two anti-body concentrations additively and linearly.
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Equations of Model 4

logPFOA5 = α5,1 +λ5,1 · logPFAS5 + ε5,1 (28)

logPFOS5 = α5,2 +λ5,2 · logPFAS5 + ε5,2 (29)

logPFHxS5 = α5,3 +λ5,3 · logPFAS5 + ε5,3 (30)

logPFOA7 = α7,1 +λ7,1 · logPFAS7 + ε7,1 (31)

logPFOS7 = α7,2 +λ7,2 · logPFAS7 + ε7,2 (32)

logPFHxS7 = α7,3 +λ7,3 · logPFAS7 + ε7,3 (33)

logAnti-diphtheria7 = β0 +β1 · logPFAS5 +β2 · logPFAS7

+β3 ·C1 + · · ·+βk+2 ·Ck + εd (34)

logAnti-tetanus7 = γ0 + γ1 · logPFAS5 + γ2 · logPFAS7

+ γ3 ·C+ · · ·+ γk+2 ·Ck + εt (35)

log PFAS5 = ζ0,5 +ζ1,5 ·C1 + · · ·+ζk,5 ·Ck + ε5 (36)

log PFAS7 = ζ0,7 +ζ1,7 ·C1 + · · ·+ζk,7 ·Ck + ε7 (37)

(38)

The ε5,1, · · · ,ε5,5,ε7,1, . . . ,ε7,3,εd,εt ,ε5,ε7, are normally distributed random errors where we

estimate Cov(εd,εt) = Ω. Furthermore, C1, . . . ,Ck denotes the covariates.
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Table S2: results of Model 4

Table S2: Results of structural equation model (Model 4) where antibodies concentrations depend on a latent

joint 5 year PFAS concentrations (Year 5) and on a latent joint 7-year PFAS concentration (Year 7). Change

indicates the percentages change in antibody concentration for a 2-fold PFAS concentration.

Diphtheria Tetanus P value for Joint

Model 4 N % Change 95% CI % Change 95% CI same effect % Change 95% CI

PFAS at age 5 448 0.2 −48.6,95.1 −40.5 −71.0,22.0 0.13 −6.2 −49.0,72.5

PFAS at age 7 448 −58.8 −83.9,5.4 −15.7 −68.6,126.4 0.13 −55.8 −81.9,7.7

a Goodness-of-fit (same effect model) p :< 0.01(χ2-test), RMSEA: 0.05, CFI: 0.99, SRMR: 0.03.

11



Model 5: Joint childhood PFAS concentration

Figure S5: path diagram of model 5
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Figure S5: Structural equation model of a joint latent PFAS concentration (middle circle) manifested by the

observed PFOA, PFOS, and PFHxS concentrations at age 5 years (upper left squares), and at age 7 years

(bottom left squares) respectively. The dashed (doubled-headed) arrows indicate the local dependencies

between the manifest variables. Local dependence between concentrations at the same age is modeled by

latent variables Year5 and Year7 (left circles). "Covariates" (middle square) are age, sex, and booster type

that predicts the joint latent PFAS variable and the two anti-body concentrations additively and linearly.
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Equations of Model 5

logPFOA5 = α5,1 +λ5,1 · logPFAS+δ5,1 ·Year5 + ε5,1 (39)

logPFOS5 = α5,2 +λ5,2 · logPFAS+δ5,2 ·Year5 + ε5,2 (40)

logPFHxS5 = α5,3 +λ5,3 · logPFAS+δ5,3 ·Year5 + ε5,3 (41)

logPFOA7 = α7,1 +λ7,1 · logPFAS+δ7,1 ·Year7 + ε7,1 (42)

logPFOS7 = α7,2 +λ7,2 · logPFAS+δ7,2 ·Year7 + ε7,2 (43)

logPFHxS7 = α7,3 +λ7,3 · logPFAS+δ7,2 ·Year7 + ε7,3 (44)

logAnti-diphtheria7 = β0 +β1 · logPFAS+β2 ·C1 + · · ·+βk+1 ·Ck + εd (45)

logAnti-tetanus7 = γ0 + γ1 · logPFAS+ γ2 ·C1 + · · ·+ γk+1 ·Ck + εt (46)

log PFAS = ζ0 +ζ1 ·C1 + · · ·+ζk ·Ck + εl (47)

The ε5,1, · · · ,ε5,5,ε7,1, . . . ,ε7,3,εd,εt ,εl, are normally distributed random errors where we estimate

Cov(εd,εt) = Ω and Cov(ε5,i,ε7,i) = σi, i = 1,2,3. Furthermore, C1, . . . ,Ck denotes the covariates.
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Adjustment for the pre-booster anti-body concentrations

All models presented in the article and this supplemental material are repeated with an adjustment

of the pre-booster (age 5 year) anti-body concentrations. All models are adjusted for the

pre-booster concentration by including the 5-year anti-body concentration as an additional

predictor of the 7-year anti-body concentrations. For example for the linear regression analysis of

PFOA:

logAnti-diphtheria7 = β0 +β1 · logPFOA+β3 · logAnti-diphtheria5

+β3 ·C1 + · · ·+βk ·Ck−3 + ε (48)

where ε is the residual term.

Results are shown for all models in supplemental material, Table S3 and S4.
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Table S3: results of Model 1–2 after pre-booster adjustment

Table S3: The percentage change (% Change) in 7-year antibody concentration when the individual PFAS

concentration is doubled. The results are obtained from multiple linear regressions (6 models shown in row

1-2), structural equations models of latent individual PFAS measured by 5- and 7-year concentrations (6

models shown in row 3-4), and one structural equation model with all three latent PFASs (1 model shown in

row 5.6). The 7-year antibody concentration is adjusted for the 5-year pre-booster antibody concentration

in all the analyses.

PFOS PFOA PFHxS

Anti-body N % Change 95% CI % Change 95% CI % Change 95% CI

Pre-booster adjusted multiple linear regression

Anti-diphtheria 398 −28.9 −44.8;−8.4 −26.5 −41.2;−8.2 −24.1 −35.6;−10.4

Anti-tetanus 398 −11.0 −30.3;13.8 −24.0 −38.7;−5.8 −21.6 −33.2;−8.1

Pre-booster adjusted Model 1 a

Anti-diphtheria 403 −30.1 −48.0,−6.0 −33.9 −51.3,−10.4 −21.4 −32.8,−8.1

Anti-tetanus 403 −13.6 −35.1,15.0 −36.0 −52.3,−14.1 −18.3 −29.7,−5.0

Pre-booster adjusted Model 2 b

Anti-diphtheria 401 −12.7 −28.7,6.8 −13.7 −39.1,22.4 −21.6 −43.2,8.0

Anti-tetanus 401 −15.2 −30.1,2.9 18.8 −15.1,66.2 −27.6 −46.8,−1.4

aThree models: see supplemental material, Figure S5. Goodness-of-fit: χ2-test P : 0.08−0.72, RMSEA: ≤ 0.01−0.05, CFI: 0.99−1.00, SRMR: 0.01 - 0.2

bOne model: see supplemental material Figure S2, and S5. Goodness-of-fit: χ2-test P :< 0.01, RMSEA: 0.05, CFI: 0.99, SRMR: 0.03
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Table S4: results of Model 3–5 after pre-booster adjustment

Table S4: Structural equation models for the association between antibodies and latent joint PFAS concen-

trations adjusted for the 5 year pre-booster anti-body concentrations. Shown are models for latent PFAS

at age 5 (row 1), latent PFAS at age 7 (row 2), and latent childhood PFAS (row 3). Change indicates the

percentages change in antibody concentration for a 2-fold PFAS concentration.

Diphtheria Tetanus P value for Joint

Model N % Change 95% CI % Change 95% CI same effect % Change 95% CI

Pre-booster adjusted Model 4a

PFAS at age 5 401 23.2 −30.2,117.6 −20.3 −53.9,37.7 0.25 −1.9 −38.4,56.1

PFAS at age 7 401 −68.6 −86.3,−28.1 −34.7 −69.7,40.4 0.25 −53.8 −76.3,−9.8

Pre-booster adjusted Model 5

PFAS at age 5 b 401 −39.1 −58.9,−9.7 −39.2 −58.4,−11.3 0.98 −39.2 −56.0,−16.0

PFAS at age 7 c 401 −63.6 −79.6,−35.1 −53.9 −73.2,−20.5 0.43 −58.8 −74.4,−33.7

Pre-booster adjusted Model 6d

PFAS childhood d 401 −55.3 −73.4,−25.0 −48.0 −68.1,−15.3 0.63 −51.8 −68.4,−26.4

a See supplemental material, Figure S4, and S5. Goodness-of-fit (same effect model) p : 0.03(χ2-test), RMSEA: 0.03, CFI: 0.99, SRMR: 0.03.

b Similar to supplemental material, Figure S3. Goodness-of-fit (same effect model): χ2-test P : 0.20, RMSEA: 0.03, CFI: 0.99, SRMR: 0.03.

c See supplemental material, Figure S3 and S5. Goodness-of-fit (same effect model): χ2-test P : 0.60, RMSEA: ≤ 0.01, CFI: 1.00, SRMR: 0.02.

d See supplemental material, Figure S4 and S5. Goodness-of-fit (same effect model): χ2-test P : 0.32, RMSEA: 0.02, CFI: 0.99, SRMR: 0.03
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