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Introduction

Age-related macular degeneration (AMD) is a

Purpose: To investigate the associations of thyroid autoimmunity, assessed by thyroid
peroxidase antibody (TPOAb) and thyroglobulin antibody (TgAb), with prevalent age-
related macular degeneration (AMD) in U.S. adults, and to explore whether genetic liabil-
ities to Hashimoto thyroiditis (HT) and Graves’ disease (GD) were associated with AMD
risk using two-sample Mendelian randomization (MR).

Methods: This cross-sectional study included 2967 adults aged 40 years or older from
the 2007-2008 National Health and Nutrition Examination Survey. Survey-weighted
logistic regression models included TPOAb and TgAb positivity simultaneously. Two-
sample MR analyses were exploratory.

Results: Among 2967 participants, 234 had AMD, corresponding to a weighted preva-
lence of 6.6% (95% confidence interval [Cl], 5.6%-7.9%). In the mutually adjusted obser-
vational model, TgAb positivity was associated with higher odds of prevalent AMD
(odds ratio [OR], 2.02; 95% Cl, 1.13-3.61; P = 0.022), whereas TPOAb positivity was not
associated with AMD (OR, 0.93; 95% Cl, 0.63-1.37; P = 0.676). Exploratory MR analyses
suggested a possible association between genetic liability to HT and AMD (OR, 1.14; 95%
Cl, 1.01-1.29; P = 0.033), whereas evidence for GD was less consistent.

Conclusions: TgAb positivity was associated with prevalent AMD. The cross-sectional
design and the nonidentical exposures assessed in the observational and MR analyses
preclude causal inference.

Translational Relevance: Thyroglobulin antibody positivity was associated with preva-
lent AMD and may reflect a systemic immune phenotype warranting prospective inves-
tigation.

AMD.?3 Although researchers have revealed many
risk factors of AMD including aging,* smoking,> and
cardiovascular or metabolic conditions,® the biologi-
cal mechanisms underlying disease onset and progres-

leading cause of irreversible central vision loss in older
adults.! In 2020, an estimated 196 million individuals
had AMD worldwide, and approximately 1.8 million
adults aged 50 years or older were blind because of

Copyright 2026 The Authors
tvst.arvojournals.org | ISSN: 2164-2591

sion remain incompletely understood. Accumulating
evidence suggests that chronic inflammation, immune
dysregulation, and complement-related pathways play
important roles in AMD pathobiology.”*
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Autoimmune thyroid disease, including Hashimoto
thyroiditis (HT) and Graves’ disease (GD), is the most
common organ-specific autoimmune disorder and is
characterized by circulating thyroid autoantibodies,
particularly thyroid peroxidase antibodies (TPOAD)
and thyroglobulin antibodies (TgAb).!%!! A thyroid-
retina link is biologically plausible because thyroid
hormone signaling contributes to retinal develop-
ment and survival, and thyroid dysfunction has broad
systemic vascular and metabolic effects.!>!* Epidemi-
ologic evidence also suggests that thyroid-related traits
may be associated with AMD. Higher free thyroxine
concentrations were associated with greater AMD risk
in the Rotterdam Study.!* Overt hyperthyroidism was
associated with 10-year incident AMD in the Blue
Mountains Eye Study.!> In addition, a recent meta-
analysis including 13 epidemiologic studies reported
that thyroid disease was associated with a higher risk
of AMD.'® Genetic evidence has been more specific,
with Mendelian randomization (MR) analyses impli-
cating higher genetically predicted free thyroxine in late
AMD.”’IS

However, prior studies have focused primarily
on thyroid hormone status or clinically recognized
thyroid disease rather than thyroid autoimmunity
itself.!%-15:19-20 This distinction may be important
because TPOAb and TgAb reflect thyroid autoim-
munity and may be detectable before overt thyroid
dysfunction becomes clinically apparent.!®?! Given
growing interest in systemic immune mechanisms in
AMD, thyroid autoantibodies may provide infor-
mation beyond thyroid hormone measurements
alone.” %-?!

We therefore investigated the associations of
TPOAb and TgAb with AMD in a population-
based sample of U.S. adults from the National Health
and Nutrition Examination Survey (NHANES) and
additionally explored whether genetic liability to
autoimmune thyroid disease was associated with
AMD risk using two-sample MR.

Participants in NHANES

NHANES is a continuous, cross-sectional survey
designed to assess the health and nutritional status
of the noninstitutionalized U.S. population. We used
data from the 2007-2008 cycle, which included 10,149
participants. We excluded 6124 participants aged
younger than 40 years, 834 without gradable AMD
information, and an additional 224 without the
required TPOADb or TgAb measurements, leaving 2967
participants for analysis (Fig.).
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NHANES protocols were approved by the National
Center for Health Statistics Research Ethics Review
Board, and all participants provided written informed
consent. The NHANES protocols were conducted in
accordance with the Declaration of Helsinki. This
secondary analysis used publicly available deidenti-
fied data. Because this study used publicly available
deidentified data, additional institutional review board
approval was not required.

Exposure

The titers of TgAb and TPOADb were examined
through a two-step immunoenzymatic assay. Based
on prior studies, > >* TPOAb and TgAb positivity
were defined as concentrations of >9 IU/mL and >4
IU/mL, respectively. TgAb positivity was evaluated
with TPOAD positivity included simultaneously in the
mutually adjusted regression models.

Secondary analyses evaluated four mutually exclu-
sive antibody profiles: neither antibody, TPOAb
positivity only, TgAb positivity only, and positivity
for both antibodies. Antibody concentrations were
additionally evaluated as log2-transformed continu-
ous variables, with odds ratios (ORs) representing
the association per doubling of concentration. These
analyses were considered exploratory.

Retinal Photography and AMD Grading

Two 45° nonmydriatic retinal photographs were
captured from each eye in the NHANES 2007-2008
cycle using the Canon CR6-45NM fundus imaging
system (Canon Inc., Tokyo, Japan). The presence of
AMD was assessed by two specialists.?>-%¢ Participant-
level AMD status was defined using OPDUARM, the
NHANES three-level classification based on the worse-
affected eye: no AMD, early AMD, or late AMD. Early
AMD was defined according to the NHANES grading
algorithm based on drusen characteristics and pigmen-
tary abnormalities; late AMD comprised geographic
atrophy or signs of neovascular AMD. For the primary
outcome, early and late AMD were combined as any
prevalent AMD.

Covariates in NHANES

Covariates included age, sex, race/ethnicity
(Mexican American, other Hispanic, non-Hispanic
White, non-Hispanic Black, and other race), body
mass index (BMI), smoking status, poverty-income
ratio (PIR), education level, hypertension, diabetes,
and cardiovascular disease. Cardiovascular disease
was defined as a composite of self-reported conges-
tive heart failure, coronary heart disease, angina,
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NHANES 2007-2008
participants (n = 10,149)
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Figure. Selection of participants.

myocardial infarction, or stroke. Thyroid-stimulating
hormone, free thyroxine, free triiodothyronine, and
thyroid-related medication use were evaluated in sensi-
tivity analyses.

MR Analysis

A two-sample MR analysis was applied to investi-
gate whether genetic liability to HT and GD was associ-
ated with AMD risk. Summary statistics for HT and
GD were obtained from European-ancestry GWAS
meta-analyses including UK Biobank and FinnGen,*’
and summary statistics for AMD were obtained from
FinnGen (Supplementary Table S1).”® Independent
instrumental variables were selected using a genome-
wide significance threshold of P < 5x10~% and linkage
disequilibrium clumping (¥ < 0.001, window size
10,000 kb). Instrument strength was assessed using the
F statistic, calculated as the squared ratio of the SNP-
exposure estimate to its standard error, and variants
with F statistics <10 were excluded. Detailed informa-

missing TPOAb or TgAb

measurements (n = 224)

\4

tion on the retained instruments is provided in Supple-
mentary Table S2.

Exposure and outcome alleles were harmonized to
the same effect allele. Palindromic variants with inter-
mediate allele frequencies and ambiguous strand orien-
tation were excluded. The inverse variance weighted
(IVW) multiplicative random-effects model was used as
the primary MR analysis, with fixed-effects IVW, MR-
Egger, weighted median, and weighted mode analyses
used as complementary methods. Heterogeneity and
directional horizontal pleiotropy were assessed using
Cochran’s Q test and the MR-Egger intercept test,
respectively. Leave-one-out analyses were performed
by sequentially excluding each instrument, and Steiger
directionality tests were conducted to assess whether
the instruments explained more variance in the speci-
fied exposure than in the outcome.”’ Because FinnGen
contributed to both the thyroid-disease exposure
GWAS meta-analyses and the AMD outcome GWAS,
partial participant overlap was possible. Reverse MR
analysis was additionally performed to examine the
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potential effect of AMD on HT and GD. All MR
analyses were conducted in R version 4.3.2.

Statistical Analysis

All survey-weighted analyses incorporated the
2-year Mobile Examination Center examination
weight (WTMEC2YR), strata (SDMVSTRA), and
primary sampling units (SDMVPSU) to account for
the complex, multistage NHANES sampling design.
Continuous variables were summarized as weighted
means with weighted standard deviations, and categor-
ical variables as unweighted counts with weighted
percentages. Survey-weighted prevalence estimates
and 95% confidence intervals (CI) were calculated for
AMD stages and thyroid autoantibody positivity.

Missing values in BMI, PIR, smoking status, hyper-
tension, diabetes, cardiovascular disease, and free
triitodothyronine (FT3) were handled using multi-
ple imputation by chained equations. Education was
complete in the analytic sample and was included as
a predictor but was not imputed. Multiple imputa-
tion assumed that data were missing at random
conditional on the variables included in the imputa-
tion model. Predictive mean matching was used for
continuous variables and logistic regression for binary
variables. The imputation model included the AMD
outcome, antibody exposures, all analysis covari-
ates, WIMEC2YR, SDMVSTRA, and SDMVPSU.
Outcomes, exposures, and survey-design variables were
used as predictors but were not imputed. Ten imputed
datasets were generated over 10 iterations. Analyses
were conducted separately within each dataset and
pooled using Rubin’s rules.*’ Variable-specific missing-
ness is reported in Supplementary Table S3.

During manuscript revision, the mutually adjusted
model including both TPOAb and TgAb positivity
was designated as the primary observational analy-
sis. This designation was not prospectively prespeci-
fied. Model 1 included TPOAb and TgAb positivity
simultaneously without additional covariates. Model
2 additionally adjusted for age modeled using a
natural cubic spline with 4 degrees of freedom, sex,
and race/ethnicity. Model 3 additionally adjusted for
BMI, smoking status, PIR, education, hypertension,
diabetes, and cardiovascular disease. Secondary analy-
ses evaluated mutually exclusive antibody profiles
and log2-transformed antibody concentrations. Stage-
specific models compared early AMD with no AMD
and late AMD with no AMD. Subgroup analyses
were conducted by age (<60 vs. >60 years) and
sex, with multiplicative interaction terms used to
test effect modification. These analyses were consid-
ered exploratory, and nominal two-sided P values
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were reported without multiplicity adjustment. Sensi-
tivity analyses included (1) complete-case analysis;
(2) a nonresponse-weighted analysis in which inclu-
sion probabilities were estimated among all 4025
age-eligible participants using age, sex, race/ethnicity,
education, and PIR. Missing education was retained
as a separate category; missing PIR values were
replaced with the median and accompanied by a
missingness indicator. Stabilized inverse-probability-
of-inclusion weights were truncated at the first and
99th percentiles and multiplied by WITMEC2YR; (3)
additional adjustment for thyroid-related medication
use, log2-transformed thyroid-stimulating hormone
(TSH), FT3, and free thyroxine (FT4); and (4) restric-
tion to euthyroid participants with TSH of 0.34-5.60
mIU/L and FT4 of 0.60-1.60 ng/dL. who were not
taking thyroid-related medications.

Characteristics of NHANES Participants

Among 4025 adults aged 40 years or older, 1058
were excluded because of missing AMD grading
or thyroid antibody measurements. Compared with
excluded participants, included participants were
younger (weighted mean age, 56.49 vs. 59.71 years; P
< 0.001), more likely to be non-Hispanic White, had
higher educational attainment, and had a higher PIR.
Sex distribution (P = 0.077) and BMI (P = 0.708) did
not differ significantly between included and excluded
participants (Supplementary Table S4).

Among the 2967 included participants, 234 had
AMD, corresponding to an unweighted proportion
of 7.9% and a weighted prevalence of 6.6% (95%
CI, 5.6%-7.9%). There were 208 early AMD cases
and 26 late AMD cases, with weighted prevalences
of 6.0% (95% CI, 4.8%-7.4%) and 0.7% (95% CI,
0.4%—1.3%), respectively. The weighted prevalences of
TPOAD positivity, TgAb positivity, and positivity for
either antibody were 13.7% (95% CI, 12.1%—15.4%),
8.7% (95% CI, 7.4%-10.3%), and 17.3% (95% CI,
15.7%-19.0%), respectively. Among the 234 partic-
ipants with AMD, 62 were positive for at least
one antibody, including 22 with isolated TPOADb
positivity, 19 with isolated TgAb positivity, and 21
with positivity for both antibodies. Participants with
AMD were older and differed in race and ethnic-
ity, poverty-income ratio, education, smoking, cardio-
vascular disease, thyroid-related medication use, TSH,
FT3, FT4, and antibody-profile distribution compared
with those without AMD (Table 1).
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Table 1. Characteristics of Participants According to AMD Status
All Participants Non-AMD All AMD
(nh=12967) (hn=2733) (hn=234) P Value
Age (y) 56.49 + 11.44 55.76 + 11.01 66.78 + 12.38 <0.001
Sex 0.431
Male 1486 (48.0%) 1370 (48.2%) 116 (45.6%)
Female 1481 (52.0%) 1363 (51.8%) 118 (54.4%)
Race/ethnicity 0.007
Mexican American 442 (5.5%) 415 (5.6%) 7 (3.9%)
Other Hispanic 320 (3.8%) 301 (3.9%) 9 (3.0%)
Non-Hispanic White 1581 (77.0%) 1418 (76.4%) 163 (85.1%)
Non-Hispanic Black 526 (8.8%) 511 (9.2%) 5(3.0%)
Other race 98 (4.9%) 88 (4.9%) 0 (5.0%)
BMI 2891 + 6.19 28.97 + 6.22 28.08 + 5.67 0.100
PIR 3.33 £ 1.61 3.37 £ 1.60 2.86 £+ 1.58 0.001
Education 0.042
High school or below 1621 (44.5%) 1488 (44.1%) 133 (50.9%)
Some college or above 1346 (55.5%) 1245 (55.9%) 101 (49.1%)
Smoking 1542 (49.9%) 1413 (49.4%) 129 (57.1%) 0.041
Hypertension 1365 (41.2%) 1236 (40.5%) 129 (51.6%) 0.112
Diabetes 453 (10.9%) 422 (10.9%) 1(10.9%) 0.967
Cardiovascular disease 433 (11.4%) 371 (10.4%) 62 (24.7%) <0.001
Thyroid-related medication use 260 (9.3%) 223 (8.9%) 37 (15.4%) 0.003
TSH (ulU/mL) 213 £ 241 211 £ 242 243 £ 2.24 0.032
FT3 (pg/mL) 3.10 £ 040 3.11 £ 040 297 £ 0.36 <0.001
FT4 (ng/dL) 0.78 £+ 0.16 0.78 £+ 0.15 0.85 £ 0.25 0.001
Thyroid autoantibody profile 0.001
Neither antibody 2471 (82.7%) 2299 (83.4%) 172 (72.9%)
TPOADb positive only 251 (8.6%) 229 (8.6%) 2 (8.8%)
TgAb positive only 101 (3.6%) 82 (3.2%) 9 (9.4%)
Both antibodies positive 144 (5.1%) 123 (4.8%) 1 (8.9%)

Data are presented as weighted means + weighted standard deviation for continuous variables and unweighted counts
with weighted percentages for categorical variables.

Associations of Thyroid-Specific
Autoantibodies With Prevalent AMD

When TPOADb and TgAb positivity were entered
simultaneously, TgAb positivity was associated with
higher odds of prevalent AMD in Model 1 (OR, 2.66;
95% CI, 1.58-4.49; P = 0.001). The association was
attenuated but remained present after demographic
adjustment (OR, 2.00; 95% CI, 1.13-3.55; P = 0.021)
and in the fully adjusted model (OR, 2.02; 95% CI,
1.13-3.61; P = 0.022). TPOAD positivity was not
associated with AMD in the fully adjusted model (OR,
0.93; 95% CI, 0.63-1.37; P = 0.676) (Table 2).

In the secondary analysis of mutually exclusive
antibody profiles, isolated TgAb positivity was associ-
ated with higher odds of AMD compared with negativ-

ity for both antibodies (Model 3 OR, 2.58; 95% CI,
1.42-4.69; P = 0.004). TPOADb positivity only and
positivity for both antibodies were not statistically
significant, although estimates for the double-positive
group were imprecise (Supplementary Table S5). In
addition, each doubling of TgAb concentration was
associated with higher odds of AMD in the fully
adjusted model (OR, 1.10; 95% CI, 1.01-1.21; P =
0.039), whereas TPOAD concentration was not associ-
ated with AMD (OR, 1.00; 95% CI, 0.95-1.06; P =
0.851) (Supplementary Table S6).

In stage-specific analyses, TgAb positivity was
associated with early AMD (OR, 2.04; 95% CI, 1.15-
3.62; P = 0.018) (Supplementary Table S7). The
estimate for late AMD was also above 1 but was highly
imprecise (OR, 2.50; 95% CI, 0.58-10.73; P = 0.198),
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Table 2. Association of Thyroid Autoantibody Positivity and Prevalent Age-Related Macular Degeneration

a b c
AMD Cases/ Model 1 Model 2 Model 3
Exposure Participants OR(95%Cl) PValue OR(95%Cl) PValue OR(95%Cl) PValue
TPOAD positive 43/395 0.93(0.62,1.41) 0.726 0.92(0.62,1.34) 0.629 0.93(0.63,1.37) 0.676
TgAb positive 40 /245 2.66 (1.58,4.49) 0.001 2.00(1.13,3.55) 0.021 2.02(1.13,3.61) 0.022

TPOAb and TgAb positivity were defined as antibody concentrations of >9 IU/mL and >4 IU/mL, respectively. TPOAb and

TgAb positivity were entered simultaneously in all models.

#Included both antibody indicators without additional covariates.
bAdditionally adjusted for age modeled using a natural cubic spline with 4 degrees of freedom, sex, and race/ethnicity.
€Additionally adjusted for BMI, smoking, poverty-income ratio, education, hypertension, diabetes, and cardiovascular

disease.

reflecting the limited number of late AMD cases (n =
26). These exploratory analyses do not establish that
the association differed between early and late AMD.

Subgroup and Sensitivity Analyses of the
Observational Study

No evidence of interaction by age or sex was
detected (Supplementary Table S8).

The association of TgAb positivity with AMD
remained directionally consistent in complete-case
analysis (OR, 2.09; 95% CI, 1.07-4.08; P = 0.032),
nonresponse-weighted analysis (OR, 2.06; 95% CI,
1.16-3.64; P = 0.017), and after additional adjustment
for log2-transformed TSH, FT3, FT4, and thyroid-
related medication use (OR, 1.96; 95% CI, 1.02-
3.78; P = 0.044). The association was also observed
among euthyroid participants not taking thyroid-
related medications (OR, 3.17; 95% CI, 1.65-6.12; P
=0.002) (Supplementary Table S9).

MR Results of HT and GD With AMD

In forward MR analyses, the primary I[IVW multi-
plicative random-effects estimate suggested a possible
association between genetic liability to HT and AMD
(OR, 1.14;95% CI, 1.01-1.29; P = 0.033). The comple-
mentary fixed-effects IVW estimate was similar (OR,
1.14; 95% CI, 1.04-1.25; P = 0.006). No significant
heterogeneity was detected for HT (Cochrans Q P
= 0.073), and the MR-Egger intercept suggested no
evidence of horizontal pleiotropy (P = 0.829) (Table 3;
Supplementary Table S10).

For GD, the evidence was inconsistent. The primary
IVW multiplicative random-effects estimate did not
reach nominal statistical significance (OR, 1.07; 95%
CI, 1.00-1.16; P = 0.060). Although the fixed-effects
IVW estimate was nominally significant (OR, 1.07;
95% CI, 1.02-1.14; P = 0.012), the other comple-

mentary MR methods were not significant. Significant
heterogeneity was observed for GD (Cochrans Q P =
0.013), although there was no evidence of horizontal
pleiotropy based on the MR-Egger intercept test (P =
0.375).

In reverse MR analyses, there was no robust
evidence that genetic liability to AMD increased
the risk of either HT or GD. For HT, the IVW
fixed-effects estimate was borderline significant (OR,
1.03; 95% CI, 1.00-1.06; P = 0.050), but the IVW
multiplicative random-effects estimate was not signif-
icant (OR, 1.03; 95% CI, 0.99-1.08; P = 0.152). No
association was observed between AMD and GD in
reverse MR analyses (Supplementary Table S11). All
retained genetic instruments had F statistics greater
than 30, indicating a low risk of weak-instrument
bias. Steiger directionality tests were consistent with
the specified exposure-to-outcome orientation in the
forward and reverse analyses (all P < 0.001). In leave-
one-out analyses, the estimates for genetic liability
to HT and GD with AMD remained directionally
positive after sequential exclusion of each variant,
although statistical precision varied (Supplementary
Figure S1).

In this cross-sectional study of U.S. adults, TgAb
positivity was associated with prevalent AMD after
mutual adjustment for TPOAD positivity. The associ-
ation was directionally consistent in mutually exclu-
sive antibody-profile and continuous-concentration
analyses and remained present across complete-case,
nonresponse-weighted, thyroid-function-adjusted, and
euthyroid/no-medication analyses. TPOADb positivity
was not associated with AMD in the primary analy-
sis. In MR analyses, the primary IVW multiplica-
tive random-effects estimate suggested an association
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Table 3. Mendelian Randomization Estimates for the Associations of Genetic Liability to Hashimoto Thyroiditis

and Graves' Disease With AMD

AMD
Exposure Method OR (95% ClI) PValue No. of SNPs
Hashimoto thyroiditis
IVW (fixed effects) 1.14(1.04,1.25) 0.006 12
IVW (multiplicative random effects) 1.14(1.01, 1.29) 0.033 12
MR-egger 1.18 (0.83, 1.68) 0.367 12
Weighted median 1.06 (0.92, 1.22) 0.430 12
Weighted mode 0.99 (0.63, 1.56) 0.974 12
Graves'disease
IVW (fixed effects) 1.07 (1.02, 1.14) 0.012 24
IVW (multiplicative random effects) 1.07 (1.00, 1.16) 0.060 24
MR-Egger 1.18 (0.95, 1.46) 0.145 24
Weighted median 1.02 (0.93, 1.11) 0.703 24
Weighted mode 0.97 (0.75,1.27) 0.846 24

The IVW multiplicative random-effects model was considered the primary MR estimate; fixed-effects VW, MR-Egger,
weighted median, and weighted mode were used as complementary methods.

between genetic liability to HT and AMD, whereas the
evidence for GD was less consistent.

These findings refine, rather than simply repeat,
the existing thyroid-AMD literature. Prior studies have
mainly focused on thyroid hormone status or clini-
cally recognized thyroid disease. Higher free thyroxine
concentrations were associated with increased AMD
risk in the Rotterdam Study, and overt hyperthyroidism
was associated with 10-year incident AMD in the
Blue Mountains Eye Study.'*!> Nationwide studies
also linked prior hyperthyroidism or hypothyroidism
to prevalent AMD and thyroid dysfunction to exuda-
tive AMD.!%-? A meta-analysis further supported an
overall positive association between thyroid disease and
AMD. !¢ However, prior population-based evidence did
not suggest that TPOADb was a consistently informa-
tive marker. In the Rotterdam Study, baseline TPOADb
levels were nearly identical in participants who did
and did not develop incident AMD.'* In our study,
TPOAD positivity alone was not associated with AMD,
whereas TgAb showed a more consistent signal across
several parameterizations. Taken together, the avail-
able evidence suggests that thyroid autoimmunity may
be relevant to AMD but that TgAb may have been
the more informative serologic marker in the present
dataset.

Stage-specific analyses did not establish that the
association differed between early and late AMD.
Although TgAb positivity was associated with early
AMD, the estimate for late AMD was highly impre-
cise because only 26 late AMD cases were available.

Therefore, the late-AMD findings should be considered
inconclusive rather than interpreted as evidence of a
weaker association at the late stage.

A second potentially relevant feature of our results
is that TgAb appeared more consistently associated
with AMD than TPOAb. Although TPOAD is often
considered the more established serologic marker for
autoimmune thyroiditis, TgAb can provide comple-
mentary information and may reflect a partly distinct
dimension of thyroid autoimmunity.*!-*> The extra-
thyroidal significance of these antibodies remains
incompletely understood, and our data do not support
a strong mechanistic claim that TgAb is biologi-
cally more important than TPOADb in AMD. A more
restrained interpretation is that TgAb captured the
relevant autoimmune phenotype more effectively in
this dataset.

The broader immunologic context is also notewor-
thy. Studies in AMD have reported enrichment of
Thl- and Thl7-related immune responses, with higher
IFN-y- and IL-17-associated inflammatory activity in
affected individuals.’*** HT likewise has a substan-
tial Th1/Th17 component, whereas GD has a more
complex and relatively more humoral pattern of
immune activation.’>3® These overlapping immune
features provide biologic plausibility for the associa-
tion observed in our study and may partly explain
why the exploratory MR signal was more apparent for
HT than for GD. However, this interpretation should
remain cautious. Thyroid autoantibodies measured in
NHANES and genetic liability to HT or GD are related
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but nonidentical exposures, and previous MR studies
have more consistently implicated genetically predicted
free thyroxine in AMD than autoimmune thyroid
disease broadly.!”-'® Thus our MR findings should be
viewed as suggestive and hypothesis-generating rather
than confirmatory. The retained instruments were
strong, Steiger testing was consistent with the specified
direction, and leave-one-out estimates remained direc-
tionally consistent; however, the complementary MR
methods were nonsignificant, and significant hetero-
geneity was observed for GD.

This study has several strengths. It used a
population-based sample of U.S. adults, standardized
retinal photography grading, and multiple comple-
mentary parameterizations of thyroid autoantibodies,
including mutually adjusted seropositivity, mutually
exclusive antibody profiles, and log2-transformed
concentrations. The consistency of the findings across
sensitivity analyses also supports the robustness of
the main observational signal. Several limitations
should also be considered. First, the NHANES
analysis was cross-sectional and based on preva-
lent AMD, so temporality cannot be established.
Second, the number of late AMD cases was limited,
reducing power for stage-specific analyses. Third,
thyroid autoantibodies were measured at a single
time point, and NHANES did not permit direct
clinical differentiation between HT and GD. Fourth,
although we adjusted for major demographic and
cardiometabolic factors and performed additional
sensitivity analyses, residual confounding remains
possible. Fifth, because 1058 age-cligible participants
were excluded because of missing AMD or antibody
data and included participants differed from excluded
participants in several characteristics, the NHANES
examination weights may not have fully corrected
for item-level nonresponse. Although results were
similar in a nonresponse-weighted sensitivity analy-
sis, residual selection bias remains possible, and the
final analytic sample may not fully preserve national
representativeness. Finally, the MR analyses were
based on predominantly European-ancestry genetic
datasets and assessed genetic liability to thyroid disease
rather than circulating antibody levels themselves,
which limits direct comparability with the observa-
tional findings. Because FinnGen contributed to both
the thyroid-disease exposure GWAS meta-analyses
and the AMD outcome GWAS, some participant
overlap was possible, although the exact extent could
not be quantified from publicly available summary
data. Participant overlap may bias two-sample MR
estimates, particularly in the presence of weak instru-
ments.’” Although all retained instruments had F
statistics greater than 30, overlap-related bias cannot
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be entirely excluded. Accordingly, the MR findings
should be interpreted as suggestive and hypothesis-
generating.

Conclusions

Thyroid autoantibodies, particularly TgAb, were
associated with a higher prevalence of AMD in U.S.
adults. These findings extend prior work on thyroid
function and clinically recognized thyroid disease by
suggesting that thyroid autoimmunity itself may also
be relevant to AMD. Further prospective studies
and mechanistic investigations are needed to establish
temporality and determine whether thyroid autoanti-
bodies reflect pathways relevant to AMD or broader
systemic inflammatory states.
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