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Abstract

The objective of this study was to determine the association between birthweight and risk of 

thyroid and autoimmune conditions in a large sample of post-menopausal women. Baseline 

data from the Women’s Health Initiative (n=80,806) were used to examine the associations 

between birthweight category (<6 lbs., 6–7 lbs. 15 oz, 8–9lbs. 15 oz, and ≥10 lbs.) and prevalent 

thyroid (underactive- and overactive thyroid and goiter) and autoimmune (lupus, rheumatoid 

arthritis, multiple sclerosis, ulcerative colitis/Crohn’s disease) conditions. Follow-up questionnaire 

data were used to examine the associations between birthweight and incident underactive- 

and overactive thyroid, lupus, and rheumatoid arthritis. Logistic and Cox proportional hazards 

regression models were used to estimate crude and adjusted odds (OR) and hazards ratios (HR), 

respectively. Overall, women born weighing ≥10 lbs. had an increased risk for underactive thyroid 

[OR 1.14 (95% CI 1.02, 1.28)] and incident lupus [HR 1.51 (95% CI 1.12, 2.03)] and a decreased 

risk for overactive thyroid [OR 0.67 (95% CI 0.50, 0.92)] compared to women born weighing 

6–7.99 lbs., after adjustment for adult BMI, demographic variables, and lifestyle factors. Further, 

women born weighing <6 lbs. were at increased risk for underactive thyroid [OR 1.13 (95% 

CI 1.04, 1.22)]. Birthweight was not associated with other thyroid or autoimmune disorders. 

High birthweight was associated with later-life thyroid and autoimmune conditions while low 

birthweight was associated with underactive thyroid. Preconception and prenatal interventions 

aimed at reducing the risk of both high and low birthweights may reduce the burden of later-life 

thyroid and autoimmune conditions.
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INTRODUCTION

Autoimmune and thyroid conditions account for a substantial proportion of the morbidity 

and mortality in the United States.1 Nearly 24 million Americans suffer from at least one 

autoimmune disease, such as lupus or rheumatoid arthritis (RA), and almost all autoimmune 

diseases are known to decrease life expectancy.2 Additionally, an estimated 20 million 

Americans have some form of thyroid disease, the causes of which are often autoimmune 

in nature but not fully elucidated.3,4 Co-occurrence of both an autoimmune and thyroid 

condition is also likely, particularly among women5,6 who bear the bulk of the disease 

burden.7 Epidemiologic studies on both sets of conditions have examined many risk factors, 

including demographic, lifestyle, genetic, and environmental risk factors.8–10 However, one 

area that has been neglected is the association between early life exposures with risk of 

autoimmune and thyroid conditions.

The Developmental Origins of Health and Disease hypothesis, or “Barker hypothesis”, 

postulates that diseases arising in childhood and later in life result from exposure to 

environmental factors in utero and during early childhood.11 The hypothesis has been 

frequently supported by chronic conditions that affect individuals later in life, such as 

cardiovascular disease, cancer, disability, and type 2 diabetes.12–15 There is also evidence 

that prenatal factors may influence the development of the immune system and propensity 

to develop asthma and other allergic disorders in childhood.16,17 Although alterations of 

the immune and endocrine system can persist into adulthood, few studies have considered 

the relationship between markers of early life growth and development and either adult 

onset-autoimmune or thyroid conditions that develop later in life.18–21, especially given that 

endocrine transitions in women (i.e., puberty, pregnancy, and menopause) increase their 

susceptibility to autoimmune conditions.22

Thus, in the current study, we sought to investigate the potential associations between an 

individual’s birthweight and risk for: 1) thyroid conditions, including underactive thyroid, 

overactive thyroid, and goiter; and 2) autoimmune conditions, including rheumatoid arthritis 

(RA), lupus, multiple sclerosis (MS), ulcerative colitis (UC), and Crohn’s disease (CD). To 

evaluate the associations, we used the Women’s Health Initiative (WHI) Observational Study 

(OS), a well-characterized cohort of postmenopausal women.

METHODS

Study population

The WHI is an ongoing prospective cohort study designed to study major causes of 

chronic disease in postmenopausal women. Briefly, 161,608 post-menopausal women aged 

49–81 at enrollment and had a life-expectancy of at least 3 years were recruited from the 

general population at 40 US clinical recruitment sites between 1993–1998.23,24 Participants 
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could have enrolled into overlapping clinical trials (WHI-CT; n=67,932) or the long-term 

observational study (WHI-OS; n=93,676). The analytic cohort for this study only included 

women in the WHI-OS. Detailed information about the WHI’s study design, recruitment, 

and implementation have been described elsewhere.23,25 All study protocols were approved 

by the Institutional Review Board of each participating clinical center, and all participants 

provided written informed consent at study initiation.

Baseline measures

Upon entry into the WHI-OS, all women completed structured, self-administered 

questionnaires to collect information on demographics; lifestyle factors; and medical, 

reproductive, and family histories. Participants were asked to report their birthweight as 

one of the following categories: <6 pounds (lbs), 6 lbs to 7lbs 15 ounces, 8 lbs to 9lbs 15 

ounces, and ≥10 lbs. The collection of birthweight by category has previously been validated 

(Spearman r=0.75).26 Women were also asked to report if they were born 4 or more weeks 

premature or were part of a multiple pregnancy (specifically, a twin or triplet). Further, 

a physical assessment was performed by trained staff to gather accurate anthropometric 

and other clinical measures at baseline. Participants were also asked to bring all current 

medications with them to the physical assessment.

Outcome definitions and measurement

Data on prevalent thyroid and autoimmune conditions were obtained at baseline through 

self-administered questionnaires. Women were first asked to report if a doctor had ever told 

them that they had a thyroid problem (yes/no/don’t know). If they answered yes, they were 

then asked a series of sub-questions (yes/no/don’t know) about specific thyroid conditions. 

We included the following thyroid conditions in our analyses: any thyroid gland problem, 

overactive thyroid, underactive thyroid, and goiter.

We included the following prevalent autoimmune conditions in our analyses: any 

autoimmune disease, MS, RA, lupus, and CD/UC. We defined prevalent MS, lupus, 

and CD/UC as a self-report of a physician diagnosis of “multiple sclerosis”, “systemic 

erythematosus (‘lupus’ or SLE)”, or “ulcerative colitis or Crohn’s disease”, respectively. 

As the self-reported variable for RA has been poorly validated within WHI and often 

includes cases of osteoarthritis, as shown in a previous study27, we classified women as 

having prevalent RA if they simultaneously met the following criteria:1) self-reported type 

of arthritis as “rheumatoid arthritis” ; and 2) use of disease-modifying antirheumatic drugs 

(DMARDs).

Clinical outcomes were reported by participants annually through in-person, mailed, and/or 

telephone questionnaires. Beginning in the third year of follow-up, women were asked to 

self-report any new lupus, RA, underactive thyroid, and/or overactive thyroid diagnoses that 

had occurred since the last completed survey. Women were considered as incident cases for 

each outcome if they responded “yes” to a recent diagnosis of lupus, underactive, and/or 

overactive thyroid. Similar to prevalent RA, women were required to indicate a recent 

diagnosis of RA and use DMARDs to be classified as an incident case of RA. Because 
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medication coding only occurred in the third year of follow-up, our incident RA analyses 

were censored at the third year of follow-up.

Exclusion criteria

For all of our analyses, women were excluded if they reported being born premature 

(n=7,282), reported being a twin or a triplet (n=1,616), or were missing information on 

birthweight category (n=11,751). The final sample size for the case-control analysis was 

n≤80,806. Additionally, women who had reported at baseline that they had previously been 

diagnosed with lupus, RA, underactive thyroid, or overactive thyroid prior to enrollment 

were excluded from the Cox proportional hazards model for that same condition, resulting in 

a final sample size of n≤75,624.

Statistical analyses

Baseline characteristics of the study participants by birthweight category (< 6 lbs, 6 lbs 

to 7lbs 15 ounces, 8 lbs to 9lbs 15 ounces, and ≥10 lbs) were examined using t-tests 

for continuous variables and chi-square tests for categorical variables. Logistic regression 

models were used to estimate odds ratios (OR) and their associated 95% confidence 

intervals (95% CI) between a woman’s birthweight and prevalent autoimmune (any, RA, 

MS, lupus, and UC/CD) or thyroid (any, underactive, overactive, goiter) conditions. Cox 

proportional hazards regression models were used to estimate hazard ratios (HR) and 

95% CI between a woman’s birthweight and incident cases of lupus, RA, underactive 

thyroid, and overactive thyroid. For birthweight, we used “6 lbs. to 7 lbs. 15 oz” as the 

referent category as infants born full-term within this weight range are considered to be of 

normal birthweight for female births between 1930–1950 in the United States.28 Covariates 

selected for inclusion in our models were well-known risk factors for most autoimmune 

and/or thyroid conditions including age (continuous), race/ethnicity (categorical), region 

(categorical), BMI (continuous), smoking status (categorical)29, education (categorical), 

neighborhood socio-economic status (NSES; continuous), and alcohol use (categorical). 

Because there is controversy in the field of life course epidemiology as to whether or not 

adult lifestyle factors, such as BMI, should be adjusted for in statistical models, we present 

results unadjusted, partially adjusted, and fully adjusted for demographic and lifestyle 

factors.30,31 Because of prior associations between female hormones and both thyroid 

and autoimmune conditions22,32, we additionally examined the use of female hormones 

(ever; yes/no) and pregnancy (ever been pregnant; yes/no) as covariates; however, inclusion 

of neither variable altered our results. All statistical tests were two-sided, and P-values 

<0.05 were considered statistically significant. Each outcome was considered independently 

with birthweight; therefore, we did not correct for multiple testing. For conservative 

interpretation, a Bonferroni-adjusted significance threshold of p<0.0038 (0.05/13) could 

be considered. All analyses were performed using SAS 9.4 (SAS Institute Inc., Cary, NC, 

USA).

RESULTS

Results from the comparison of baseline characteristics are outlined in Table 1. Women born 

weighing <6 lbs. were more likely to be younger, have a lower NSES, identify as non-white, 
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be a current smoker, and have an autoimmune condition than women born weighing ≥6 lbs. 

Women born weighing ≥10 lbs. were more likely to be older and have a higher BMI at 

baseline than women born weighing <10 lbs. Characteristics of participants included in the 

survival analyses are provided in Supplemental Table 1.

Table 2 shows the crude and demographic- and lifestyle-adjusted odds of thyroid and 

autoimmune conditions by category of birthweight. Birthweight was significantly and 

positively associated with odds for any thyroid condition (all types combined) at baseline 

(unadjusted, p-value, test for linear trend <0.0001). The association remained statistically 

significant after adjustment for demographic (p-value, test for linear trend =0.005) and 

lifestyle (p-value, test for linear trend =0.02) factors, although the strength of the association 

was attenuated. Birthweight was associated with underactive thyroid in a U-shaped trend 

such that women weighing <6 lbs [OR 1.13, (95% CI 1.04, 1.22)], 8 lbs-9lbs 15 oz [OR 

1.09, (95% CI 1.03, 1.15)], or ≥10 lbs [OR 1.14, (95% CI 1.02, 1.28)] at birth were all 

at increased odds for underactive thyroid. Further, a significant inverse association was 

observed between birthweight and the odds for overactive thyroid (adjusted, p-value test 

for linear trend=0.009) such that women born weighing <6 lbs had a 16% increase in odds 

[OR 1.16, (95% CI 0.99, 1.26)] and women born weighing ≥10 lbs had a 33% decrease in 

odds [OR 0.67 (95% CI 0.50, 0.92)] compared to women born between 6–7 lbs 15 oz. No 

significant associations were observed between birthweight and the odds for goiter, RA, MS, 

lupus, CD/UC, or any autoimmune disease (all types combined).

Crude and demographic- and lifestyle-adjusted hazards ratios of incident thyroid and 

autoimmune conditions are presented in Table 3. Women born in the highest birthweight 

category, >10 lbs, had a greater risk for lupus in both crude [HR: 1.47 (95%CI 1.14, 1.94] 

and adjusted models [demographic-adjusted, HR=1.43 (95% CI 1.08, 1.90); demographic- 

and lifestyle-adjusted, HR=1.51 (95% CI 1.12, 2.03)] compared to women born weighing 

between 6 lbs–7 lbs 15 oz. Women born weighing >10 lbs also had a greater risk for 

underactive thyroid compared to women weighing 6 lbs–7 lbs 15 oz at birth [unadjusted, 

HR=1.18 (95% CI 1.05, 1.31]; however, this association was attenuated after adjustments for 

covariates. No associations were detected within the incident models for overactive thyroid 

or RA.

DISCUSSION

Within this large, well-characterized, nationwide cohort of post-menopausal women, we 

found that higher birthweight was associated with a higher risk for prevalent underactive 

thyroid and a lower risk for prevalent overactive thyroid. Further, women born in the highest 

birthweight category had a significantly higher risk for developing incident lupus compared 

to women born at a normal birthweight.

Previous studies examining the relationship between an individual’s birthweight and risk 

for thyroid function and/or conditions are sparse. An infant’s birthweight is related to 

their thyroid stimulating hormone (TSH) levels at birth33,34, but this association does 

not appear to persist into childhood or adulthood34,35. Birthweight has also demonstrated 

inverse associations with free thyroxine (FT4) and triiodothyronine (T3) in older adult 
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twin pairs35, as well as subclinical thyroid dysfunction and both thyroglobulin (TgAb) 

and thyroid peroxidase (TPOAb) autoantibodies36,37, although a separate study found no 

association between birthweight and TgAB or TPOAb38. No associations were observed 

between birthweight and autoimmune (i.e. Grave’s disease or Hashimoto’s thyroiditis) 

or non-autoimmune (i.e. simple and toxic nodular goiter) thyroid diseases18, however 

lower birthweights were shown to increase the risk for spontaneous hypothyroidism in 

older adults.19 Moreover, low birthweight has consistently been associated with risk for 

congenital hypothyroidism39,40, particularly transient congenital hypothyroidism.40 Further, 

gestational diabetes, one of the leading causes of macrosomia (i.e. high birthweight), is 

an established risk factor for congenital hypothyroidism.40,41 Consistent with the existing 

body of literature, results from our cross-sectional analysis indicate both low and high 

birthweights are associated with higher risk for underactive thyroid.

A small number of prior studies have considered the potential association between 

birthweight and each of the autoimmune conditions examined in this study. Among 

four studies considering birthweight as a risk factor for RA, one cohort study found 

no association20 while three additional case-control and cross-sectional studies observed 

positive associations with birthweight.42–44 Similarly for MS, one case-control and one 

cohort study found no association with birthweight45,46 while a second case-control study 

found individuals born weighing ≥4kg were at increased odds for MS.47 Results among 

studies examining risk factors for lupus are inconsistent with two case-control studies 

observing no association with birthweight48,49, while a cohort study found a positive 

association50 and a cross-sectional study found an inverse association with birthweight.21 

Lastly, two cohort studies found no associations between birthweight and either UC or 

CD.51,52 Compared to our analyses, many of the aforementioned studies were conducted 

in populations of similarly aged or slightly younger women20,43,45,50,51, including several 

from the Nurse’s Health Study I and/or II.20,45,50,51 While our cross-sectional results are 

consistent with those studies that found no association between birthweight and the various 

autoimmune conditions, our analyses are underpowered to find an association given the 

magnitude of association observed.

Because an individual’s birthweight may be a marker for a variety of in utero exposures, 

determining the biological mechanism(s) by which birthweight influences the risk for 

thyroid and autoimmune conditions is complex.53 Infants born at lower birthweights are at 

an higher risk for intrauterine growth restriction, resulting in hypothalamic-pituitary-thyroid 

(HPT) axis dysfunction.54 Additional studies have suggested that fetal programming of 

the hypothalamic-pituitary-adrenal (HPA) axis may be one of the long-term changes that 

link low birthweight to adult disease, impacting cortisol responsiveness and, thus, chronic 

inflammation and autoimmunity.54 In fact, adults with RA55, lupus56, and other autoimmune 

conditions57,58 are known to have dysregulation of the HPA axis. At the other end of the 

growth spectrum, babies born weighing ≥10 lbs (i.e., fetal macrosomia) are more likely to be 

delivered by women who are obese, gain too much weight during pregnancy, or diagnosed 

with type 2 or gestational diabetes.59 In conditions of fetal overnutrition, an imbalance of the 

appropriate set of nutrients needed for proper organ development results in the inability of 

the fetus to properly regulate its nutrient excess60, potentially resulting in altered endocrine 

programming that could influence thyroid function.61
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Strengths of our study include its large sample size with extensive phenotypic data collection 

at baseline. The prospective design of the WHI also allowed us to consider incident cases 

for four of our outcomes with up to 8 years of follow-up data available. We were also able 

to evaluate a broad spectrum of potential confounders that may account for the underlying 

association between birthweight and autoimmune or thyroid conditions.

Our study was limited to evaluating categories of birthweight based on self-report. While 

the most ideal birth data collection method would have been a quantitative measure obtained 

through medical records or birth certificates, self-reported birthweight by category has been 

shown to correlate with medical record data in validity studies (58–87% correctly reported 

birthweight category).62,63 Further, we hypothesize that any exposure misclassification 

would be nondifferential. Additionally, it is possible that women born within the normal 

birthweight range also experienced intrauterine growth restriction, a key event of fetal 

programming, which we would expect would bias our results toward the null.

There are also potential limitations related to our outcomes data. All of the outcomes 

evaluated in this study were self-reported without confirmation or adjudication, which would 

result in at least some misclassification. For example, the American Thyroid Association 

suggests that up to 60% of individuals with thyroid disease are unaware of their condition64, 

which could result in a non-trivial number of women in our analyses being misclassified 

as controls. However, we would expect this underestimate the association and bias our 

results toward the null. Despite the large sample size of the WHI, the number of participants 

diagnosed with most of the rare autoimmune conditions was comparatively small, resulting 

in a lack of power, particularly for the lowest and highest birthweight categories. We were 

also unable to distinguish between clinically overt and subclinical under- and overactive 

thyroid, or between autoimmune or non-autoimmune causes, so our results may not 

generalize to all thyroid conditions.

Another limitation of our study was our inability to adjust for all of the covariates that may 

be particularly important in the pathophysiology of our examined conditions. For example, 

the WHI did not collect information related to iodine levels or iodine consumption in 

the observational study participants, and iodine deficiency is a well-known risk factor for 

thyroid dysfunction.65 We also did not have data on other in utero pregnancy exposures, 

such as in utero tobacco smoking exposure, or other conditions relating to the pregnancy 

or mother’s reproductive health, such as polycystic ovarian syndrome, preeclampsia, or 

gestational diabetes. Further, data on the participant’s family history was only available for 

cardiovascular disease and related outcomes, cancer, and fracture history; no family history 

information was available for autoimmune or thyroid conditions.

In conclusion, we demonstrate that low birthweight (<6 lbs) may be associated with higher 

risk for underactive thyroid and higher birthweights (≥10 lbs) are associated with, 1) higher 

risk for underactive thyroid and incident lupus, and 2) lower risk for overactive thyroid. 

To our knowledge, this is the first study evaluating the association between birthweight 

and overactive thyroid, as well as the largest study conducted on the association between 

birthweight and underactive thyroid in adults. Our research provides additional evidence 

of the role of early developmental phenotypes in the development of later-life conditions, 
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further illustrating the importance of targeted interventions during preconception and 

prenatal care aimed at reducing both high and low birthweights and, thus, the burden of 

thyroid and autoimmune conditions.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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