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Abstract

Objective: To assess a possible relationship between maternal cognitive dysfunction
during pregnancy and hypothyroxinemia, adjusted for major confounders.
Background: Thyroid dysfunction in general is associated with cognitive dysfunction.
Cognitive dysfunction is common during pregnancy.

Design: Prospective follow-up study from 12 to 32 weeks of pregnancy.
Participants: 2082 healthy pregnant women.

Measurements: Cognitive function, depression and sleeping problems were as-
sessed by self-report questionnaires at 12, 22 and 32 weeks of gestation, higher
scores reflecting more symptoms. FT4, TSH and TPO-Ab were assessed at 12 weeks
of gestation.

Definitions: healthy (euthyroxinemia) control group: FT4 within 10-90th percen-
tiles, without elevated TPO-Ab titres and TSH within first trimester-specific refer-
ence range (0.23-4.0 mU/L). Hypothyroxinemia: FT4 <2.5th percentile with TSH
within first trimester-specific reference range. Poor cognitive function: a score >1
SD > mean on the cognitive function scale.

Results: A total of 54 women showed hypothyroxinemia and 1476 women had eu-
thyroxinemia. At 12 weeks, multiple logistic regression showed that poor cognitive
function was independently related to hypothyroxinemia: OR: 2.9 (95% Cl: 1.6-5.4),
adjusted for depression (OR: 3.1; 95% Cl: 2.7-4.6) and sleeping problems (OR: 2.8,
95% Cl: 1.9-3.9). TPO-Ab + women with hypothyroxinemia had the highest levels of
cognitive dysfunction. Other cut-offs of hypothyroxinemia (<5th or <10th percen-
tile with normal TSH) showed similar results. GLM-ANOVA showed that throughout
pregnancy women with hypothyroxinemia at 12 weeks had significantly higher cog-
nitive dysfunction scores compared with the healthy controls: F = 12.1, P = .001.
Conclusions: Women with hypothyroxinemia during early gestation are at risk for
poor cognitive function throughout gestation, adjusted for depression and sleeping

problems.
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1 | INTRODUCTION

About 50%-80% of pregnant women perceive memory deficits
often called ‘pregnancy brain’*? Decline of verbal memory, associ-
ate learning, reaction time and verbal recall have been reported.®
The exact mechanism is largely unknown but is likely to be multifac-
torial.* Pregnancy is also associated with sleeping difficulties that in
turn can have detrimental effect on health-related quality of life and
contribute to worse cognitive functioning.5 Cognitive dysfunction
and sleeping problems are also common symptoms of depressive
disorders and depression occurs in 10%-15% of pregnant women.®’

Thyroid hormones (THSs) are critical for normal brain function-
ing.B’9 Poor cognitive functioning is one of the most prominent and
persistent symptoms reported by patients with Hashimoto thyroid-
itis who are biochemically euthyroid after long-term levothyroxine
(T4) replacement.™®

In most studies, thyroid status in pregnant women is categorized
using the classical biochemical criteria of trimester-specific fT4 and
TSH reference ranges irrespectively of TPO-Ab status: overt hypo-
and hyperthyroidism as well as subclinical hypo- and hyperthyroid-
ism.!! These conditions have been associated with poor obstetric and
infant outcome.'? However, even 5%-7% of pregnant women who are
biochemically euthyroid have elevated TPO-Ab titres. These women
are also at risk for unfavourable obstetric outcome.? Two decades
ago another subgroup with suboptimal thyroid function was defined:
those with fT4 concentration in the lower percentile cut-offs ranges
(<2.5th, <5th or 10th percentile) with TSH concentration within the
reference range.'>31* The logical ‘counterpart’ of this concept, that
is hyperthyroxinemia, referring to women with fT4 concentration
in the highest 90th, 95th or 97.5th percentile ranges with TSH con-
centration within the reference limits, has hardly been documented.
Despite numerous reports of the association between gestational
hypothyroxinemia and impaired neurodevelopment of the offspring,
others doubt the relevance of the concept of hypothyroxinemia.*!
But a very recent report of over 45 000 pregnant women underlines
the importance of this concept showing that hypothyroxinemia is
independently related to (very) preterm birth.'> The exact origin of
gestational hypothyroxinemia in iodine sufficient areas is unknown
but is thought to be explained by the ‘massive foetal consumption’ of
trans-placental transported T4 during gestation and the substantial
de-iodination of T4 by the placenta.'®

If this concept is relevant, it is obvious that defining women into
(sub)clinical hypo- and hyperthyroidism versus a control euthyroid
group will implicate that in the latter a substantial number of women
will have hypo- and hyperthyroxinemia eventually resulting in pos-
sible false interpretation of the results. For example, we recently
reported that at 12 weeks of gestation, there were no differences
in thyroid dysfunction symptoms between women with (sub)clini-
cal thyroid dysfunction when compared to euthyroid women.'
However, we did not correct for hypo- and hyperthyroxinemia in the
‘euthyroid’ group nor for TPO-Ab status. Many other studies (sum-
marized elsewhere) did also not correct for hypothyroxinemia in the
‘euthyroid’ control group.?

WILEY--%

Cognitive functioning during pregnancy in relation to thyroid
function has hardly been investigated. Therefore, the current study
focuses on a possible association of cognitive function with ges-
tational hypo- and hyperthyroxinemia. Primary hypothesis is that
women with hypothyroxinemia will have more cognitive dysfunc-
tion compared with the reference group. Secondary hypothesis is
that women with hyperthyroxinemia will have even better cognitive
function compared with the reference group. Possible associations
are adjusted for two important determinants of cognitive function in
general: sleeping problems and depression. A third hypothesis is that
if women with hypothyroxinemia present poor cognitive function, it
will be most prominent in those with elevated TPO-ADb titres.

2 | MATERIALS AND METHODS

The current report is part of the longitudinal prospective HAPPY
project (Holistic Approach to Pregnancy and the first Postpartum

Year), of which the details have been described elsewhere.?”*8

2.1 | Participants and procedure

From January 2013 to September 2014, pregnant women who had
their first antenatal visit at one of the 17 participating community
midwife offices in the south-east of the Netherlands were invited
to participate in the HAPPY. During the 18 months of women re-
cruitment period, approximately 4150 women visited the participat-
ing midwife offices. Only Dutch-speaking women (N = 3475) were
invited to participate. Exclusion criteria in this study were gemelli
or higher-order pregnancy, an endocrine disorder currently or in
the past (diabetes type |, thyroid disorder or use of thyroid medi-
cation), a known current diagnosis of depression, a known severe
psychiatric disease (borderline, personality disorder), a known drug
or alcohol addiction, HIV or any other disease resulting in treatment
with drugs that are potentially adverse for the foetus and need care-
ful follow-up during pregnancy. The participants within the HAPPY
study were nonpsychiatric, healthy pregnant women. A total of
3159 women were eligible, of whom 2275 (response rate = 72%)
signed a written informed consent.*® The study was approved by the
Psychology Ethics Committee of Tilburg University (protocol num-
ber EC-2012.25) and additionally evaluated by the Medical Ethical
Committee of the Maxima Medical Center in Veldhoven.

2.2 | Assessments

This study is reported in line with the STROBE guidelines.’’ At
12 weeks of gestation, women completed a set of questionnaires
that evaluated demographic and obstetric features and lifestyle
habits. Moreover, at 12, 22 and 32 weeks of gestation, a 50-item
questionnaire with a wide variety of somatic, mental and cogni-
tive items was administered. The items of this questionnaire were
derived from in-depth interviews with focus groups of pregnant
women, women who recently confined and community midwives.
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In the total sample, two at random selected subsamples of 1000
women were defined for the construct validation analysis of this
50-item symptom scale. In the first sample, principal component
factor analysis with varimax rotation showed poor factor load-
ings of 20 items, which were omitted, resulting in a 30-item symp-
tom scale. This 30-item questionnaire was further explored in
the second sample by factor analysis showing an instrument with
five dimensions: a 2-item cognitive function symptom subscale
(Cronbach's alpha. 71); a 2-item sleeping problems symptom sub-
scale (Cronbach's alpha 0. 70); a 3-item nauseous symptom subscale
(Cronbach's alpha: 0.69); a 9-item ‘muscle/skeletal symptom sub-
scale’ (Cronbach's alpha 0.71); and a 13-item ‘psychosomatic’ symp-
tom subscale (Cronbach's alpha 0.72). The total 30-item scale had a
Cronbach's alpha of 0.82 and is shown in Table S1. For the current
study, the 2-item cognitive function symptom and the 2-item sleep-

ing problem subscale were used.

2.2.1 | Cognitive function

Women were asked: ‘Did you experience during the previous weeks
of pregnancy symptoms of:’ ‘difficulties concentrating?’ or ‘memory
difficulties?’ Responses were recorded on a 5-point Likert type scale
with possible scores ranging from ‘never (0)' to ‘very often/ nearly
always (4)". This 2-item cognitive symptoms scale (CSS) showed ap-
propriate reliability during the study with the Cronbach's coefficient
alpha of 0.71,0.76,0.78 at 12, 22 and 32 weeks of gestation, respec-
tively. Higher scores of the CSS reflect poorer perceived cognitive

functioning.

2.2.2 | Sleeping problems

Women were also asked: ‘Did you experience during the previous
weeks of pregnancy symptoms of:’ ‘troubles to fall asleep?’ or ‘trou-
bles to sleep through the night?’ with a similar 5-point Likert scale
answer category as described above. This 2-item sleeping problem
questionnaire showed appropriate reliability during the study with
Cronbach's alpha of 0.70, 0.72 and 0.74 at 12, 22 and 32 weeks of
gestation, respectively. Higher scores were indicative of greater

sleep difficulties.

2.2.3 | Depression symptoms

Depression symptoms over the past seven days were assessed at
12, 22 and 32 weeks of pregnancy using the Dutch version of the
10-item Edinburgh (Postnatal) Depression Scale (E(P)DS). The EPDS
was originally developed by Cox for assessing depressive symptoms
during the postpartum period (Cox & Sakowsky 1987) and in non-
postnatal women resulting in the nomenclature of EDS (Cox et al
1996).2%2 |t was validated postnatally and during pregnancy in the
Netherlands.?>?% The total score ranges from O to 30, with higher
scores indicating higher levels of depressive symptoms. In the cur-
rent study, the Cronbach's alphas of the EDS at 12, 22 and 32 weeks
of pregnancy were 0.82, 0.84 and 0.83, respectively.

2.2.4 | Thyroid function assessment

At 12th week of gestation, TSH, fT4 and TPO-Abs concentra-
tions were determined in lithium heparin plasma using the elec-
trochemiluminescence assays (Cobas_e 601; Roche Diagnostics).
The nonpregnant reference range of TSH is 0.40-4.0 mU/L, of
fT4 10.0-24.0 pmol/L and of TPO-Abs <35 kU/L. The reference
ranges of TSH and fT4 during pregnancy were defined in TPO-
Ab-negative women of the current study at 12th gestational
week using the 2.5th and 97.5th percentiles to define the lower
and upper limit of normal thyroid function. The following sub-
groups of thyroid (dys)function were defined: (a) euthyroid (TSH
and FT4 within the reference limit); (b) overt thyroid dysfunction
(TSH and FT4 outside the reference limits); (c) subclinical thyroid
dysfunction (TSH outside the reference limit with normal FT4); (d)
hypothyroxinemia (FT4 <2.5th, <5th or <10th percentile with nor-
mal TSH); and finally (e) hyperthyroxinemia (FT4 >90th,>95th or
>97.5th percentile with normal TSH concentration). We used dif-
ferent percentile cut-offs to define hypothyroxinemia because we

demonstrated earlier—looking at a possible association between

TABLE 1 Characteristics of 2082 women with thyroid and
cognitive function assessment at 12 wk of gestation

Mean (SD) N (%)
Demographic features
Age (in years) 30.5(3.5)
Educational level

Low 589 (28.3)

Medium 117 (5.6)

High? 1376 (66.1)

Marital status
With partner 1970 (94.6)
Single 112 (5.4)
Obstetric features
Primiparous 1022 (49.1)
Previous miscarriage 518 (24.9)
Lifestyle habits during pregnancy

Smoking 129 (6.2)

Any alcohol intake 75 (3.6)

Prepregnancy BMI 23.8(3.7)

Thyroid parameters

TSH mIU/L 1.76 (2.93)

fT4 pmol/L 14.5(2.48)

TPO-Ab > 35 IU/L 179 (8.6)
TPO between 35-50 28 (1.3)
TPO-Ab between 50-100 51(2.4)
TPO-Ab between 100-250 61(2.9)
TPO-Ab > 250 41(2.0)

Abbreviation: BMI, body mass index.
?Bachelor or Master's degree
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gestational hypothyroxinemia and offspring's neurodevelopmen-
tal outcome—that up to the 10th percentile cut-off of FT4 showed
significant differences.?*

Power calculation showed that at 95% confidence level and with
5% margin of error the sample size drawn of 3000 eligible women

should be at least 341.

2.3 | Statistics

Statistical analysis was performed using the IBM SPSS Statistics for
Windows v 24.0 (IBM Corp.). Descriptive statistics were used to
analyse the prevalence of abnormal thyroid dysfunction. The total
sum scores on the cognitive scale between different subgroups of
women as a function thyroid dysfunction were compared using the t
test (two-tailed). Because the cut-off of TSH and fT4 for diagnosing
thyroid disorders during pregnancy are rather arbitrarily, we defined
a healthy control group as women with fT4 and TSH between the 10th
and 90th percentile and without elevated TPO-Ab titres. Cognitive
dysfunction between the different groups of women stratified by
thyroid dysfunction in relation to the reference control group of eu-
thyroid women was compared by using t test, the chi-square and
logistic regression statistics.

Single and multiple logistic regression analyses were per-
formed at 12 weeks of gestation to evaluate the possible indepen-
dent effect of hypothyroxinemia on cognitive function (dependent
variable). We adjusted for several possible predefined confound-
ers (depressive symptoms, sleeping problems, parity, education,
foetal sex, BMI, smoking/ alcohol habits and age). Finally, we

examined the possible relationship between hypo- and hyperthy-
roxinemia and cognitive function over the course of pregnancy
(12, 22 and 32 weeks of pregnancy) using the generalized linear
model (GLM) repeated-measures ANOVA.

3 | RESULTS

Of the 2.275 participants, blood assessments were not available
in 78 women. Of the 2197 remaining women, there were missing
item(s) on the questionnaires at 12 weeks of gestation in 115 (5.2%)
women. These women did not differ from the remaining women with
regard to parity, education, age, lifestyle habits and thyroid param-
eters. Due to this low number of missing data, we did not perform
imputation of the missing data and these women were excluded;
hence data analysis refers to 2082 women (Table 1). The number
of women with an elevated TPO-Ab titre was 179 (8.6%), and 151
of these women showed a titre >50 kU/L. The correlation between
logTSH and logTPO was r: 0.16 (P < .001).

3.1 | Independent variable: thyroid function

As summarized in the recent guidelines, the reference ranges (2.5t-
97.5th percentile) of FT4 and TSH were defined in the current study
in TPO-Ab-negative women. This was for TSH: 0.23-4.0 mU/L and
for fT4: 11.5-18 pmol/L.2* Based on these cut-offs, various thyroid
dysfunction subgroups at 12 weeks are shown in Table 2A which

have been discussed in detail elsewhere.”

TABLE 2 Different subgroups of thyroid (dys)function at first trimester in 2082 healthy pregnant women

logTSH (1U/L) fT4 (pmol/L)
N (%) TPO-Ab +
N (%) Median range Mn (SD) (> 35 kU/L)
A. different subgroups with euthyroid function and with (sub)clinical thyroid dysfunction
Euthyroid women 1952 (93.8) 0.15 -0.64 t0 0.66 14.4 (1.7) 145 (7.4)
Overt hypothyroidism 9(0.6) 0.82 0.67 to 1.44 10.3(1.2) 8(89)
Overt hyperthyroidism 17 (0.8) -1.30 -2.0to-0.77 22.0(5.8) 1(5.9)
Subclinical hypothyroidism 70(3.3) 0.70 0.60to 1.11 13.9 (1.4) 24 (34.3)
Subclinical hyperthyroidism 32(1.5) -0.88 -2.0to -0.68 15.8 (1.6) 3(9.4)
B. subgroups with hypothyroxinemia (normal TSH) Median logTSH Mn TPO
fT4 < 2.5th percentile: <11.5 pmol/L, N = 54 (2.6%) 0.27 41 7 (13)
fT4 < 5th percentile: <12.0 pmol/L, N = 88 (4.2%) 0.26 35 12 (13.6)
fT4 < 10th percentile: < 12.5 pmol/L, N = 209 (10%) 0.25 33 25(12)
C. subgroups with hyperthyroxinemia (normal TSH)
fT4 > 97.5th percentile:>18.0 pmol/L, N = 32 (1.5%) 0.21 31 4(12.5)
fT4 > 95th percentile:>17.3 pmol/L, N = 99 (4.8%) 0.22 29 8(8.1)
fT4 > 90th percentile:>17.0 pmol/L, N = 170 (8.2%) 0.23 19 10 (5.9)

Control group: euthyroxinemia: fT4: 10th - 90th percentile with normal TSH and normal TPO-Ab titre, N = 1467

Median (range) logTSH mU/L: 0.15 (-0.64-0.60)

Mn (SD) FT4: 14.5 (1.0)

Mn (SD) TPO: 10.4 (4.7)

Note: Reference range for TSH: 0.23 - 4.0 IU/L for FT4: 11.5 - 18 pmol/L, 2.5th and 97.5th percentile in TPO-Ab (< 35 kU/L)-negative women.
Euthyroid: normal TSH and FT4. Overt thyroid dysfunction: TSH and FT4 outside reference range. Subclinical thyroid dysfunction: normal FT4 with

TSH outside reference range.
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Table 2B shows that in the category of women with hypothyrox-
inemia, up to 12%-13% showed elevated TPO-Ab titres irrespective
of the cut-off used while in the subgroups with hyperthyroxinemia
(Table 2C) the number of women with TPO-Ab decreased with de-
creasing upper limit fT4 percentile cut-offs. In parallel, the median
TSH concentration and mean TPO-Ab titre remained high in the
hypothyroxinemia subgroups (however within reference range) but

decreased with increasing FT4 cut-off.

3.2 | Dependent variable: cognitive function

At 12th week of gestation, the mean score of cognitive function in
the total group was 1.83 (SD: 1.47) and range: 0-8. Cognitive func-
tion scores were not correlated with logTSH (r = -.003, P = .86) or
logTPO titres (r = -.014, P = .53). In Table 3, mean cognitive function
scores are shown in relation to different fT4 percentile cut-offs of
hypo- and hyperthyroxinemia and compared with the euthyroxine-
mic group (controls, fT4 between 10t-90th percentiles with normal
TSH and TPO-AD titre).

TABLE 3 Mean cognition dysfunction
scores at 12 weeks of gestation according
to different subgroups of women with
hypo-, eu (10th - 90th percentile)- and
hyperthyroxinemia (normal TSH, Table
3A), and in relation to TPO-Ab status
(Table 3B)

Hyperthyroxinemia: fT4 > 97.5th percentile, N = 32
. 5th and 95th percentiles”

N

Hypothyroxinemia: fT4 < 5th percentile: N = 88

Euthyroxinemia: fT4 between 10th and 90th percentiles: N = 1467
Hyperthyroxinemia: fT4 > 95th percentile, N = 99

10th and 90th percentilesm

Hypothyroxinemia: fT4 < 10th percentile: N = 209
Euthyroxinemia: fT4 between 10th and 90th percentiles: N = 1467

w

Hyperthyroxinemia: fT4 > 90th percentile, N = 170

B. Hypothyroxinemia and TPO-ADb status

A. According to different fT4 cut-off’s

Hypothyroxinemia: fT4 < 2.5th percentile: N = 54
Euthyroxinemia: fT4 between 10th and 90th percentiles: N = 1467

Table 3A shows that women with fT4 concentration at >97.5th
percentile had the lowest mean scores of cognition dysfunction (ie
better perceived cognitive functioning) while hypothyroxinemic
women consistently showed the poorest cognitive function. Post
hoc analysis (Sheffé) showed that these differences were mainly ex-
plained by the high (poor) scores in the hypothyroxinemic groups.

Table 3B shows that within the subgroups of women with hypo-
thyroxinemia, those with elevated TPO-Ab titres showed the poor-
est cognitive function. In all three subgroups with hypothyroxinemia,
the TPO-Ab-positive women showed the highest median of TSH
compared to the TPO-Ab-negative women with hypothyroxinemia.

A commonly used cut-off to define a high score of depression self-
rating scales is a score of >1 SD above the mean if there is a normal
distribution of the scores.?” Cognitive dysfunction scores showed
a normal distribution, and we defined poor cognitive function (high
symptom level) as a score on the CSS of >1 SD > mean (>3.30). In the
total sample of 2082 women, there were 254 (12.5%) women with
poor cognitive function. We subsequently compared prevalence

rates of poor cognitive function in 1467 TPO-Ab-negative women

Mean cognitive
symptoms (SD) (higher
scores reflecting
poorer functioning)

1. 2.5th and 97th percentiles’

2.52(1.73)
1.81(1.48)
1.75 (1.70)

2.44(1.68)
1.81(1.48)
1.74 (1.37)

2.15(1.56)
1.81(1.48)
1.85(1.34)

TSH median mIU/L

1. <2.5th percentile, N = 54

TPO-Ab negative, N = 47 2.49 (1.75) 1.75

TPO-Ab positive, N = 7 2.74(2.70) 1.98
2. <5th percentile, N = 88

TPO-Ab negative, N = 76 2.41(1.51) 1.74

TPO-Ab positive, N = 12 2.67 (2.60) 2.52
3. <10th percentiles N = 209

TPO-Ab negative, N = 184 2.11(1.48) 1.67

TPO-Ab positive, N = 25 2.48(2.10) 2.60
Euthyroxinemia: fT4 between 10th and 90th percentiles and normal 1.40

TSH: N = 1467

*ANOVA: F (1662): 6.1, P = .002.
**ANOVA: F (1762): 8.1, P < .001.
**ANOVA: F (1955): 5.2, P = .005.
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with definite sufficient fT4 hormone (fT4 between 10-90th percen-
tiles with normal TSH = controls) vs different subgroups of percen-
tiles cut-offs of hypo- and hyperthyroxinemia (Figure 1).

Figure 1 shows that women with fT4 concentration in the lowest
percentiles had the highest prevalence rate of cognitive dysfunction.
Similarly, women with hyperthyroxinemia had the lowest cognitive

dysfunction prevalence rate compared with controls.

3.3 | Confounders of cognitive function:
depression and sleeping problems

3.3.1 | Depression

At 12 weeks of gestation, the mean EDS score in the total group
was 4.45 (SD:4.22) and range: 0-25. There were 200 (10.2%) women
who had an EDS score above the trimester-specific cut-off (>10).
There were no significant differences in depression frequency ac-
cording to different cut-offs of hypo- and hyperthyroxinemia com-

pared with controls (data not shown).

3.3.2 | Sleeping problems

At 12 weeks of gestation, the mean score on the sleeping subscale
questionnaire was 1.8 (SD: 1.7, range 0-8) for the whole group with a
normal distribution. We defined women with a score of >1 SD of the
mean as women with significant sleeping problems: >3.5, N = 313
(15%). Sleeping problems were not related to hypo- and hyper-
thyroxinemia (data not shown). However, of the 200 women with
depression at 12 weeks, 63 (31%) reported sleeping problems, com-
pared with 137 of the 1754 (7.8%) without depression (chi2 (1): 39,
P <.001).

3.4 | Relation between hypothyroxinemia and
cognitive dysfunction after adjustment for
confounding factors

In Table 4A, single logistic regressions are shown with cognitive dys-

function at 12 weeks as dependent variable. The TPO-Ab-negative

%

35,0
30,0
FIGURE 1 Percentage of women 25,0
with cognitive dysfunction in women
with hypothyroxinemia (with fT4 cut- 200
offs at the 2.5th, 5th, 10th percentiles), 150
hyperthyroxinemia (with fT4 cut-offs at '
90th, 95th and 97.5th percentiles) and 10,0
TPO-Ab-negative controls (fT4 between
10 and 90th percentiles). Cognitive 5,0
dysfunction: score of > 1 SD (1.47)> mean
(1.83) of the total group = 3.30 (range 0,0
0-8) <25t

10-90t >97.5t <5th

control group of women was compared with women with hypothy-
roxinemia and hyperthyroxinemia using the 2.5th and 97.5th percen-
tile cut-offs. Moreover, the possible relation between poor cognitive
function and confounders as depression and sleeping problems as
well as and other variables that are known to possibly interfere with
cognitive function: age, parity, alcohol intake, smoking, foetal sex
and education was investigated.

Table 4A shows that hyperthyroxinemia was not (negatively)
associated with cognitive dysfunction but hypothyroxinemia,
smoking, sleeping problems and depression were all significantly
related to cognitive dysfunction. These variables were subse-
quently entered into a multiple logistic regression model (Table 4B).
Hypothyroxinemia was independently related to cognitive dysfunc-
tion at 12 weeks of gestation: OR: 2.9 (95% Cl: 1.6-5.4)..When we
repeated the multiple logistic regression analyses using FT4 cut-offs
at 5th and 10th percentiles, similar independent associations were
found between hypothyroxinemia and cognitive dysfunction: OR:
2.3(95% Cl: 1.4-4.0) and OR: 1.6 (95% Cl: 1.1-2.4), respectively.

3.5 | Prospective follow-up of cognitive function
throughout gestation

Throughout pregnancy, cognitive function scores were available in
1935 women. In these women, the mean scores of cognitive dys-
function increased from 1.83 (SD: 1.47) at 12 weeks to 2.33 (SD:
1.66) at 22 weeks and to 2.46 (SD: 1.70) at 32 weeks of gestation,
reflecting significant increase in cognitive decline with advancing
pregnancy (paired t test: T = 17.7, P < .001, large effect size).

In Figure 2, GLM repeated measurements ANOVA showed
that women with hypothyroxinemia (fT4 < 2.5th percentile
with normal TSH) had significantly worse cognitive dysfunction
throughout gestation compared with the TPO-Ab-negative con-
trol group (fT4 between 10th and 90th percentiles with normal
TSH, N =1467,F =12.1, P =.001). In the hypothyroxinemic group,
cognitive dysfunction scores increased from 12 to 22 weeks fol-
lowed by a small decrease towards the end of gestation but they
remained significantly higher throughout the gestation compared

with the reference group.

B Hypo
u Control

B Hyper

10-90th  >95th <10t 10-90t >90th

percentile fT4
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TABLE 4 Logistic regression analysis in 1553 women, dependent 4.0
variable: cognitive dysfunction symptom scores at 12 weeks of 25
gestation above the cut-off of 1 SD > mean o )
£ o . T
OR  95%Cl P SE o 1 1
858 25 s —e— Control
A. Single logistic regressions = "i @ 1
[
logTSH 129 0723 37 s° 20 Hypo
Hypothyroxinemia (fT4 < 2.5th 3.0 1.7-5.6 <.001 1.5
percentile, nl TSH ;.
Hyperthyroxinemia (fT4 > 97.5th 0.46 0.1-1.9 .29 . 12 22 32
percentile, nl TSH) WK pregnancy
TPO-Ab +(>35 1U/L) 0.97 0.6-1.7 24 FIGURE 2 Repeated measurements GLM-ANOVA comparing
Male foetal sex 1.22  09-17 .20 mean cognitive dysfunction scores at each trimester in women with
Higher education 092 0811 25 hypothyroxinemia (fT4 <2.5th percentile, normal TSH) at 12 weeks
Smoking 18 1229 011 and TP(')—Ab—.negative controls (fT4 between 10th and 90th
percentiles with normal TSH)
Alcohol intake 11 0.9-1.9 .06
Depression (EDS > 10) 3.5 2.5-4.9 <001 neurotransmitter system involved in learning and memory seems
Sleeping problems 2.8 2.5-3.8 <.001 to be a mediator of the effects of THs on cognition activating dif-
Multiparity 1.2 0.9-1.6 .087 ferent proteins and mitogen-activated protein kinases which have a
Higher age 097  0.93-1.01 .095 role in neurotransmitter release.?¢?” Also, THs are involved in free
BMI 1.01  0.97-1.05 .40 radical production which has been associated with different forms
B. Multiple logistic regression’ of learning and memory.?” There are also several human studies
Hypothyroxinemia (<2.5th 3.0 1.6-5.8 001 showing a relation between thyroid function and cognitive function
percentile) in coronary artery disease patients and especially in patients with
Smoking 1.7 1.1-2.7 .048 Hashimoto.!®?® But a recent trial that examined thyroid hormone
Depression (EDS > 10) at 12 weeks 3.0 2.0-4.5 <.001 replacement therapy for subclinical hypothyroidism in individuals
Sleeping problems 28 20-4.0 <001 265 years did not find beneficial effects across patient-reported out-
. . . e . 29 . .
I —— 0.96 0.96-1.05 1 comes, including executive cognitive function.”” However, it might
Multiparity 128 092178 14 be questioned whether at this age, cognitive dysfunction is predom-
. inantly related to early dementia symptoms, commonly caused by
Alcohol intake 1.2 0.95-1.8 .07

*only variables with a >90% significant OR at single level were entered
into the multiple regression

4 | DISCUSSION

The current study shows that fT4 concentrations below the 2.5th,
5th or 10th percentiles and with TSH concentration within refer-
ence ranges are independently related to poor perceived cognitive
functioning at first trimester of pregnancy and this association was
independent from other psychosocial risk factors of cognitive im-
pairment. Moreover, prospective follow-up showed that cognitive
dysfunction remained significantly worse throughout the pregnancy
in the hypothyroxinemia group compared to the TPO-Ab-negative
control group with sufficient fT4 (between 10 and 90th percentiles).
Women with hyperthyroxinemia showed less (but not significantly)
cognitive dysfunction compared with the TPO-Ab-negative control
group. Finally, within the hypothyroxinemic subgroups of women,
those with elevated titres of TPO-Ab showed the poorest cognitive
function.

Hypothyroidism is associated with cognitive impairment, sug-
gesting that THs are critical for normal brain functioning and

cognition.®? Animal studies in rats showed that the cholinergic

cerebral-vascular problems or (early stages of) Alzheimer disease.
Several RCTs showed no benefit of thyroid hormone replacement
therapy in pregnant women using a subcategory of women with
hypothyroxinemia similar to criteria as in the current study.3%%!
However, primary outcome was obstetric complications and neu-
rodevelopment of the offspring with no data on the effect of such
intervention for women cognitive functioning.

Several clinical and sociodemographic characteristics of women
included in the current study are similar to that of the Dutch national
perinatal obstetric data, including age, parity and previous abortion
as discussed elsewhere.'” Also, the thyroid parameters are similar to
that of another large population pregnant sample of the Generation
R study, as discussed in detail elsewhere.r” The current sample was
higher educated compared with the national standard and almost all
women were Caucasian, compared with the national figure of 80%.
Therefore, the results of the current study cannot be generalizable
to the whole country. Recently, it was demonstrated that TSH levels
already increase at TPO-Ab cut-offs below the normally used cut-off
of <35 kU/L.32 Inversely, higher TSH is associated with higher TPO-
Ab titres. In women with hypothyroxinemia, TSH levels are higher
(but still below the upper limit of 97.5th percentile) compared with
euthyroid or euthyroxinemic controls. The lower the FT4 cut-off,
the higher the TSH which was also the case in the current study.
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This explains why women with hypothyroxinemia have (persistently)
higher numbers of TPO-Ab + women.

The finding of the poorest cognitive function in TPO-Ab-posi-
tive hypothyroxinemic women is intriguing. It should be noticed in
Table 2 that the prevalence of 13% is almost twice as high compared
with euthyroid women (without subclinical and clinical thyroid dys-
function). It is obvious that these women already have their (pre-
viously unknown) elevated TPO-Ab titres concentration for several
years reflecting an autoimmune process within the thyroid, although
they are still biochemically euthyroid. Brain perfusion studies in pa-
tients with autoimmune thyroiditis who are biochemically euthyroid
suggest that cerebral vasculitis can be an important component of
the autoimmune thyroid syndrome which can explain the persist-
ing of cognitive dysfunction in biochemically euthyroid Hashimoto
patients.33

This study has several strengths and limitations. First strength is
the relatively large sample size and the repeated measurements of
cognitive function at each trimester. This enabled to look at different
cut-offs of hypothyroxinemia in relation to cognitive function not
only at a cross-sectional level but also throughout gestation. Another
important strength is the adjustment of the possible association be-
tween THs and cognition for sleeping problems and depression. It is
obvious that sleeping problems will result in cognitive dysfunction
during the day. Cognitive dysfunction and sleeping problems are im-
portant aspects of depression.® The 10-item E(P)DS do not contain
sleeping and cognition items.'? Thus, the independent effect of high
EDS scores on cognitive dysfunction during pregnancy may not to
be explained by identical items in both questionnaires (EDS and the
cognitive symptom scale) but rather suggests that key symptoms of
depression such as depressed mood and anhedonia really interferes
with concentration and memory capabilities.

An important limitation of the current study is the way of as-
sessing cognitive function by means of self-rating questionnaires
rather than objective cognitive tests. However, especially in meno-
pausal studies, there are several reports showing high correlations
between self-reported cognitive dysfunction symptoms vs objective
cognitive function tests, such as the California Verbal Learning Test,
the Digit Span Test or the Wechsler Memory Scale.3* Other studies
also found a high correlation between objective cognitive functions
tests and self-report symptoms of forgetfulness and concentrations
problems.®® lodine status was not assessed in the current study.
However, in a recent review, the reliability of a few urine (even
24 hours) iodine assessments (for example each trimester) has been
questioned whether it reflects the general iodine intake during preg-
nancy.36 In addition, food questionnaires assessed at midterm seem
to reflect iodine intake but they are not user-friendly (including 225
items). 3¢ An alternative could be to assess thyroglobulin as a reflec-
tion of long-term iodine intake but TG is susceptible to physiological
changes during pregnancy and the presence of Tg-Ab.%’

How to explain the relatively large number of women with
hypothyroxinemia during early pregnancy? The most prominent
cause of hypothyroxinemia is low iodine intake. But the area where
the current study was performed is iodine sufficient: in a recent
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study in the same area (2008), the number of neonatal TSH heel re-
sults >5 mIU/L was 3% which is below the 5% indicating iodine de-
ficiency during pregnancy.17 This suggests that hypothyroxinemia
is probably related to the ‘massive foetal consumption’ of transpla-
centair transported T4 during gestation.12 But poor iron status is
also related to poor thyroid hormone status.®®%? TPO is a haem en-
zyme that becomes active only after binding haem.3> During preg-
nancy, many women have low iron status mostly to be explained
by blood dilution because of total plasma volume extension. Low
iron status has been associated with lower TSH, total T4 status and
hypothyroxinemia during pregnancy.®>¢ In the current study, the
number of women with elevated TPO-Ab in women with hypothy-
roxinemia at different cut-off's (<2.5th, <5th and <10th percentile)
remained almost twice as high compared to biochemically euthy-
roid women (Table 2) suggesting that thyroid autoimmunity might
be an important cause of hypothyroxinemia, possibly mediated by
poor iron status? Unfortunately, iron status and the presence of
anaemia were not assessed in the current study.

What might be the clinical relevance of the current findings?
It is beyond the scope to participate in the discussion whether
all pregnant women should be screened on thyroid dysfunction
during early pregnancy. The international guidelines promote
case finding in women possibly at risk for thyroid dysfunction
including those with symptoms ‘typically related to thyroid dys-
function’.!* The current study shows evidence that women with
high levels of cognitive dysfunction symptoms are at risk for poor
thyroid hormone status. Assessing cognitive function by simple
questionnaires during early gestation might help to detect women
at risk for thyroid dysfunction. It is remarkable that until now all
randomized clinical trials in which women with suboptimal thyroid
function (subclinical hypothyroidism or hypothyroxinemia) were
supplemented with T4 only used obstetric and neurodevelopmen-
tal offspring's outcome as end-point. General well-being of the
pregnant woman was not taken into account. It would be interest-
ing to include in future RCT general well-being during gestation
also as end-point, including cognitive function. Although cogni-
tive dysfunction in the perinatal period is generally believed to
be self-limiting, there might be subgroups of women (those with
hypothyroxinemia and elevated TPO-Ab titres?) who will report
persistently high cognitive dysfunction symptom scores, like
Hashimoto-treated patients. Longitudinal follow-up studies—pref-
erentially starting before conception and lasting up to 12 months
postpartum—could possible discriminate between self-limiting and
persistent cognitive dysfunction. Is it possible that maternal cogni-
tive dysfunction might affect offspring's cognitive development?
So far, the only link would be by maternal depression. Cognitive
dysfunction is highly related to depression (also in the current
study), and the negative impact of maternal depression on infant
outcome (including cognitive development) is well documented.*°

In conclusion, apart from depression and sleeping problems,
women with low levels of thyroid hormone during early gestation
are at risk for poor cognitive function throughout gestation, possibly
related to the presence of elevated TPO-Ab titres.
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