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Objective: To investigate the association between subclinical hypothyroidism (SCH) and cognitive function in patients with cerebral
small vessel disease (CSVD).

Methods: We evaluated 528 patients with CSVD in this retrospective study. SCH was defined as elevated levels of thyroid stimulating
hormone with normal concentrations of free thyroxine. Magnetic resonance imaging was performed to assess the total CSVD burden
score and the Montreal Cognitive Assessment was used to measure the cognitive function. Participants were grouped based on
cognitive function or total CSVD burden score. Multivariate logistic regression and mediation analysis models were used to estimate
the association of SCH with cognitive function and CSVD burden.

Results: SCH was an independent risk factor for cognitive impairment in patients with CSVD after adjustment for potential
confounding factors (OR: 1.939; 95% CI: 1.170 to 3.213; P=0.010). Additionally, SCH was independently associated with severe
CSVD burden after adjustment for potential confounding factors (OR: 1.668; 95% CI: 1.085 to 2.564; P=0.020). Mediation analysis
found a significant moderating effect (P=0.021) of the severe CSVD burden on the relation between SCH and cognitive impairment
after adjustment for potential confounding factors. A 30.1% of the total effect between this relation was attributable to the presence of
severe CSVD burden.

Conclusion: SCH was associated with an increased risk of cognitive impairment in patients with CSVD. The mediating role of severe
CSVD burden suggests that SCH may lead to cognitive impairment through the presence of severe CSVD burden. These findings may
suggest strategies for screening for SCH in the context of cognitive impairment in patients with severe CSVD.
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Introduction
Subclinical hypothyroidism (SCH), defined as an elevated thyroid-stimulating hormone (TSH) level with a normal free
thyroxine (FT4) concentration, affects 3—15% of the adult population.'? Thyroid dysfunction, including SCH, has been
considered as a potentially treatable or reversible factor in cognitive impairment, and therefore thyroid function tests have
been recommended in clinical guidelines as a basic component in the diagnosis of cognitive impairment.> ® However,
numerous scientific researches on the effect of SCH on cognitive function have yielded inconsistent findings. Several
studies have suggested that SCH is associated with a heightened risk of cognitive impairment.”'® On the other hand,
recent studies have suggested no association between SCH and cognitive impairment or dementia.'''* Differences in the
results of these trials may be due to differences in age, sex and clinical setting.

Cerebral small vessel disease (CSVD) is commonly recognized as one of the significant causes of cognitive
impairment or dementia.'”> CSVD is a whole-brain disorder of cerebral microvessels that causes several common
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abnormalities seen on brain magnetic resonance imaging (MRI), such as white matter hyperintensity (WMH), cerebral
microbleeds (CMBs), lacunes, enlarged perivascular spaces (EPVS) and brain atrophy.”f15 Recent studies have indicated
that endothelial dysfunction plays a pivotal role in the pathogenesis of CSVD.'®!” Interestingly, SCH may lead to

vascular disturbances and arteriolosclerosis by vascular-mediated mechanisms,>'®'?

which may accelerate the progres-
sion of CSVD.'® Therefore, CSVD should be considered when exploring the relationship between SCH and cognitive
function, which is rarely done.

In this study, we attempt to investigate the association of SCH with cognitive function in patients with CSVD and

further evaluate whether the total CSVD burden has an effect on this association.

Materials and Methods

Participants

Between September 2016 and December 2021, a total of 528 eligible participants who were admitted to Hebei General
Hospital were included in this study. Inclusion criteria were as follows: (1) aged 40 years and older; (2) have whole MRI
sequences for calculating total CSVD burden scores; (3) own at least one imaging marker of CSVD: severe WMH, one
or more lacunes, one or more deep CMBs, or moderate to severe EPVS in basal ganglia; (4) completed thyroid function
tests and cognitive function assessment. Exclusion criteria were as follows: (1) hyperthyroidism or overt hypothyroidism;
(2) history of thyroid diseases; (3) treated with thyroid hormone-related medication; (4) some specific conditions have an
effect on cognition, including acute vascular events, anxiety, depression, schizophrenia, malignancy, epilepsy and severe
hepatorenal dysfunction.

Assessment of Clinical Data

The following clinical and laboratory factors were collected: age, sex, education level, body mass index, systolic and
diastolic blood pressure, current smoking or drinking, and history of stroke, hypertension, diabetes, coronary heart
disease, medication use. Laboratory examination results including thyroid function tests, lipid profile, serum total
homocysteine (tHcy) and uric acid were evaluated after 8 hours of overnight fasting. Lipid profile was assayed using
an automatic biochemical analyzer and tHcy was evaluated by the enzyme circulation method. Serum TSH and FT4
levels were evaluated using an automated electrochemiluminescence immunoassay. Based on published criteria, the
normal reference range is 0.45 to 4.49 mIU/L for serum TSH and 12 to 22 pmol/L for FT4.*'"'? SCH was defined as
a serum TSH concentration of 4.50 to 20 mIU/L and FT4 levels within the reference range.''

Assessment of Total CSVD Burden Scores

Brain MRI (3.0 Tesla, Signa, GE Healthcare, USA) was used to assess imaging markers of CSVD. All patients
underwent T1-weighted imaging, T2-weighted imaging, fluid-attenuated inversion recovery and susceptibility weighted
imaging. The detailed parameter settings for the four sequences were recorded in our previous studies.’?' The definition
of imaging markers of CSVD was based on the Standards for Reporting Vascular Changes on Neuroimaging
(STRIVE)."* The severity of periventricular and deep WMH was evaluated using the Fazekas rating scale.”> CMBs in
deep were evaluated using the Microbleed Anatomical Rating Scale.”> The number of EPVS in the basal ganglia or
lacunes was recorded. According to the semi-quantitative rating scale, we graded the EPVS into five levels (0 = no
EPVS, 1 =1 to 10 EPVS, 2 =11 to 20 EPVS, 3 = 21 to 40 EPVS and 4 >40 EPVS).24 We used the total CSVD burden
scores (range 0 to 4) combining four imaging markers of CSVD to evaluate the severity of overall CSVD. One score was
awarded for each of the following: the Fazekas score of periventricular WMH was 3 and/or deepWMH was >2, at least
one lacunes, one or more CMBs in deep and the grade EPVS in basal ganglia >2.2°*® Total CSVD burden scores <2 were

classified as mild CSVD burden and above 2 categorized as severe CSVD burden.?’~

Assessment of Cognitive Function
In this study, cognitive function was evaluated with standardized translated version of Montreal Cognitive Assessment
(MoCA) Beijing version (mocacognition.com). The Hamilton anxiety scale of 14 items and Hamilton depression scale of
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24 items were used to assess anxiety or depression. According to previous studies,”’ the diagnosis of cognitive
impairment was based on the optimal cut-off scores of MoCA: 0-13 for illiterate, 0—19 for 1-6 years of education, 0—
24 for 7 or more years of education for Chinese adults.

Statistical Analysis

Statistical analyses were performed using R, version 4.1.0 (R Foundation for Statistical Computing, Vienna, Austria) and
SPSS 26.0 (IBM corporation, Armonk, NY). Variables were analyzed by Mann—Whitney U, Student’s #-tests or y* tests,
as appropriate. Variables with P < 0.1 were forced into the multivariate logistic regression model as covariates to
investigate the association of SCH with cognitive impairment or severe CSVD burden. Mediation analysis was
performed to evaluate whether severe CSVD burden has an effect on the association between SCH and cognitive
impairment by using bruceR and mediation packages in R. All numeric predictors have been mean-centered in the simple
mediation model (Model 4). The number of bootstrap samples in mediation analysis was set to 5000 to obtain a more
reliable value of the effect size. P < 0.05 was considered statistically significant.

Results

Participants Characteristics
This retrospective study included 528 participants with CSVD. The median (IQR) age was 69 (62—75) and 53.0% (n =
280) were male. Based on the scores of MoCA, participants were divided into no cognitive impairment group (n = 220)
and cognitive impairment group (n = 308) and based on the scores of total CSVD burden, were divided into mild CSVD
burden group (n = 285) and severe CSVD burden group (n = 243). The characteristics of all participants in different
groups are shown in Table 1 and Table 2.

Between no cognitive impairment and cognitive impairment group, statistically significant differences were found in
age, education level, current drinking, triglyceride, uric acid, serum tHcy, severe CSVD burden and SCH (P<0.05)

Table | Characteristics of Participants Between No Cognitive Impairment and Cognitive Impairment Group

Variable Total (n = 528) No Cognitive Impairment Cognitive Impairment P value
Group (n=220) Group (n=308)
Age, median (IQR), year 69 (62-75) 67 (59-72) 70 (64-76) <0.001*
Sex (male), n (%) 280 (53.0) 122 (55.5) 158 (51.3) 0.346
Education, median (IQR), year 9 (6-12) 12 (9-16) 9 (6-12) <0.001*
BMI, median (IQR), kg/m? 25.0 (22.9-27.3) 25.0 (23.4-27.3) 25.0 (22.6-27.1) 0.225
Current smoking, n (%) 97 (18.4) 44 (20.0) 53 (17.2) 0414
Current drinking, n (%) 77 (14.6) 42 (19.1) 35(11.4) 0.013*
Hypertension, n (%) 370 (70.1) 148 (67.3) 222 (72.1) 0.235
SBP, median (IQR), mmHg 139 (128-151) 138 (126-149) 140 (130-152) 0.120
DBP, median (IQR), mmHg 82 (75-90) 81 (74-90) 82 (76-90) 0.358
Diabetes, n (%) 195 (36.9) 85 (38.6) 110 (35.7) 0.493
Coronary heart disease, n (%) 113 (21.4) 50 (22.7) 63 (20.5) 0.530
History of stroke 212 (40.2) 82 (37.3) 130 (42.2) 0.254
TC, median (IQR), mmol/L 4.43 (3.66-5.16) 4.40 (3.67-5.16) 4.46 (3.65-5.17) 0.899
TG, median (IQR), mmol/L 1.25 (0.88-1.73) 1.33 (0.95-1.88) 1.19 (0.86-1.61) 0.01I*
HDL-C, median (IQR), mmol/L I.11 (0.94-1.30) I.11 (0.94-1.28) 1.12 (0.94-1.31) 0.303
LDL-C, median (IQR), mmol/L 2.83 (2.28-3.42) 2.79 (2.27-3.45) 2.84 (2.29-3.41) 0.901
Uric acid, median (IQR), umol/L 295.7 (246.4-358.4) 311.8 (261.8-384.8) 286.6 (241.2-341.8) <0.001*
Serum tHcy, median (IQR), umol/L 14.0 (11.4-18.1) 13.5 (10.9-16.8) 145 (11.6-19.1) 0.006*
SCH, n (%) 121 (22.9) 36 (16.4) 85 (27.6) 0.002*
Severe CSVD burden, n (%) 245 (46.4) 51 (23.2) 194 (63.0) <0.001*

Note: *Denotes significance at a P value of <0.05.

Abbreviations: BMI|, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; TC, total cholesterol; TG, triglyceride; HDL-C, high density lipoprotein
cholesterol; LDL-C, low density lipoprotein cholesterol; tHcy, total homocysteine; SCH, subclinical hypothyroidism; CSVD, cerebral small vessel disease.
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Table 2 Characteristics of Participants Between Mild CSVD Burden and Severe CSVD Burden

Variable Total (n = 528) Mild CSVD Burden Group | Severe CSVD Burden Group | P value
(n=285) (n=243)
Age, median (IQR), year 69 (62-75) 68 (61-74) 69 (63-75) 0.057
Sex (male), n (%) 280 (53.0) 143 (50.5) 137 (55.9) 0.216
Education, median (IQR), year 9 (6-12) 9 (6-12) 9 (6-12) 0.017*
BMI, median (IQR), kg/m? 25.0 (22.9-27.3) 25.0 (23.0-27.0) 25.4 (23.0-27.6) 0.224
Current smoking, n (%) 97 (18.4) 52 (18.4) 45 (18.4) 0.998
Current drinking, n (%) 77 (14.6) 46 (16.3) 31 (12.7) 0.242
Hypertension, n (%) 370 (70.1) 177 (62.5) 193 (78.8) <
0.001*
SBP, median (IQR), mmHg 139 (128-151) 140 (127-152) 139 (130-151) 0.989
DBP, median (IQR), mmHg 82 (75-90) 80 (74-89) 83 (77-91) 0.022*
Diabetes, n (%) 195 (36.9) 105 (37.1) 90 (36.7) 0.930
Coronary heart disease, n (%) 113 (21.4) 63 (22.3) 50 (20.4) 0.605
History of stroke 212 (40.2) 98 (34.6) 114 (46.5) 0.005*
TC, median (IQR), mmol/L 4.43 (3.66-5.16) 4.48 (3.76-5.16) 4.35 (3.60-5.16) 0.247
TG, median (IQR), mmol/L 1.25 (0.88-1.73) 1.29 (0.88-1.74) 1.21 (0.88-1.68) 0.954
HDL-C, median (IQR), mmol/L .11 (0.94-1.30) I.11 (0.95-1.30) .11 (0.94-1.30) 0.766
LDL-C, median (IQR), mmol/L 2.83 (2.28-3.42) 2.88 (2.36-3.43) 2.77 (2.22-3.41) 0.240
Uric acid, median (IQR), umol/L 295.7 (246.4-358.4) 295.9 (243.2-364.7) 295.1 (247.3-354.0) 0.903
Serum tHcy, median (IQR), umol/L 14.0 (11.4-18.1) 13.5 (10.9-16.9) 14.5 (11.9-19.4) 0.002*
SCH, n (%) 121 (22.9) 53 (18.7) 68 (27.8) 0.014*

Note: *Denotes significance at a P value of <0.05.
Abbreviations: BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; TC, total cholesterol; TG, triglyceride; HDL-C, high density lipoprotein
cholesterol; LDL-C, low density lipoprotein cholesterol; tHcy, total homocysteine; SCH, subclinical hypothyroidism; CSVD, cerebral small vessel disease.

(Table 1). Between mild and severe CSVD burden group, statistically significant differences were found in age, education
level, history of hypertension or stroke, diastolic blood pressure, serum tHcy and SCH (P<0.05) (Table 2).

Subclinical Hypothyroidism and Cognitive Impairment

The proportion of participants with SCH was significantly higher in the cognitive impairment group than no cognitive
impairment group (P=0.002) (Table 1). In unadjusted logistic regression analysis, SCH was associated with cognitive
impairment (OR: 1.948; 95% CI: 1.260 to 3.013; P=0.003). This trend remained significant (OR: 1.939; 95% CI: 1.170 to
3.213; P=0.010), after adjusting for age, education level, current drinking, triglyceride, uric acid, serum tHcy, and severe
CSVD burden in multivariate logistic regression analysis (Figure 1).

Subclinical Hypothyroidism and Cerebral Small Vessel Disease Burden

Compared with mild CSVD burden group, the frequencies of SCH were significantly higher in severe CSVD burden
group (P=0.014) (Table 2). In unadjusted logistic regression analysis, SCH was associated with severe CSVD burden
(OR: 1.667; 95% CI: 1.107 to 2.510; P=0.014). The association remained significant (OR: 1.668; 95% CI: 1.085 to
2.564; P=0.020), after adjustment of potential confounders, such as age, education level, history of hypertension or
stroke, diastolic blood pressure, and serum tHcy in multivariate logistic regression analysis (Figure 2).

Mediation by Severe CSVD Burden

The result of the mediation analysis model is shown in Figure 3. The direct effect (c’), total effect (c) and mediating (ie,
indirect) effect (ab) of severe CSVD burden were statistically significant for SCH in association with cognitive
impairment after adjusting for age, education level and serum tHcy (¢ = 0.153, P=0.001; ¢’=0.107, P=0.016; ab =
0.046; P=0.021; respectively). 30.1% (ab/c) of the total effect between the association of SCH and cognitive impairment
was attributable to the presence of severe CSVD burden.
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Variables OR(95%CTI) P Value
SCH 1.939(1.170-3.213) 0.010
Severe CSVD burden 5.490(3.579-8.421) <0.001
Age - 1.046(1.020-1.072) <0.001
Education 0.867(0.824-0.912) <0.001
Current drinking 0.851(0.468-1.549) 0.598
TG —_— 0.875(0.710-1.077) 0.206
Uric acid 0.996(0.993-0.998) 0.001
Serum tHcy - 1.022(0.996-1.048) 0.099
] ] L] ]
0.5 1.0 2.0 4.0 8.0
OR
Figure | The logistic regression analyses between possible predictors and cognitive impairment.
Abbreviations: SCH, subclinical hypothyroidism; CSVD, cerebral small vessel disease; TG, triglyceride.
Variables OR(95%CI) P Value
SCH 1.668(1.085-2.564) 0.020
Age - 1.027(1.005-1.050) 0.016
Education —-— 0.950(0.913-0.988) 0.010
Hypertension 2.007(1.338-3.010) 0.001
DBP g 1.016(1.001-1.032) 0.039
History of stroke 1.566(1.084-2.262) 0.017
Serum tHcy ud 1.023(1.002-1.045) 0.035
T T L
0.5 1.0 2.0 4.0

OR

Figure 2 The logistic regression analyses between possible predictors and severe CSVD burden.
Abbreviations: SCH, subclinical hypothyroidism; DBP, diastolic blood pressure.

Discussion
This study demonstrated that SCH is associated with an increased risk of cognitive impairment and severe CSVD burden
in patients with CSVD. These associations remained significant after accounting for potential confounders. Furthermore,
the association between SCH and cognitive impairment appeared to be mediated by the severe CSVD burden, which
partially supported the hypothesis that SCH may lead to severe CSVD burden, which in turn may lead to cognitive
impairment.

Thyroid hormones have a wide-ranging effect on the central nervous system. Several previous studies have focused
on the association between SCH and cognitive function and reported controversial results. A study involving 337
outpatients aged 64 to 86 suggested that SCH is associated with cognitive impairment.*® In addition, another cross-
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Mediator
Severe CSVD Mediation effect
(ab/c) =30.1%
burden

indirect effect(ab) = 0.046
a (P=0.021)

7 direct effect(c’)=0.107 ( P=0.016) ( Cognitive

SCH . .
J total effect(c)=0.153 ( P=0.001) tlmpalrment

Figure 3 Mediation analysis is shown for the presence of severe CSVD burden as a mediator in the relation between SCH and cognitive impairment.
Abbreviations: SCH, subclinical hypothyroidism; CSVD, cerebral small vessel disease.

sectional study of 1750 community-dwelling population indicated that the presence of SCH is an independent risk factor
for mild cognitive impairment after adjusting for adjustment for age, sex and education.” More importantly, existing
clinical guidelines recommend screening for subclinical thyroid dysfunction to prevent cognitive impairment or
dementia.>>!" Consistent with these studies, we found that SCH was associated with an increased risk of cognitive
impairment in patients with CSVD. Although the exact mechanism remains elusive, several potential candidate
mechanisms for this association have been proposed, including endothelial dysfunction, cerebral hypoperfusion, chronic
inflammation and other vascular risk factors.>'~*?

However, in contrast to our study, two meta-analyses found that SCH was not associated with cognitive impairment in
participants older than 60 years™ or 75 years.'® Another subsequent meta-analysis of 11 prospective cohorts showed no
association between SCH and cognitive decline or dementia.** Similarly, no association between SCH and the risk of
Alzheimer’s disease was found in recent meta-analyses.”> A further study, combining 74,565 participants from 23
cohorts, confirmed that SCH was not associated with cognitive decline or risk of dementia.'' The underlying cause of
this discrepancy may be related to age, gender, vascular risk factors of the enrolled population, outcome measures or even
study design. As far as we know, none of the previous studies have taken CSVD into account when evaluated the
association of SCH with cognitive function, although CSVD is one of the primary causes of cognitive impairment."?

CSVD is a dynamic, whole-brain disorder that is common observed among elderly individuals.'® Despite being
a major cause of stroke and dementia, the underlying pathogenesis is incompletely understood. Substantial literature has
indicated that endothelial dysfunction, hypoperfusion, inflammation and oxidative stress contribute to the development of
CSVD.'*1¢3637 Interestingly, the factors mentioned above also contribute to potential pathophysiological mechanisms of
the effect of SCH on the central nervous system.?'*? Therefore, SCH may accelerate the development of CSVD. SCH
has been reported to be associated with EPVS in the stroke-free population®® or WMH and CMBs in subjects with minor
ischemic stroke or transient ischemic attack.’® As there are interactions between individual imaging markers of CSVD,
total CSVD burden scores may better represent the severity of CSVD.*® Consistent with the results of previous

3839 we found that SCH was associated with an increased risk of severe CSVD burden after accounting for

studies,
potential confounders, which may support the hypothesis that SCH may accelerate the development of CSVD.

As mentioned above, SCH was closely associated with both CSVD and cognitive impairment. CSVD should be taken
into account when exploring the relationship between SCH and cognitive impairment, but to our knowledge very few do.
In our study, SCH was associated with an increased risk of cognitive impairment when CSVD was taken into account.

Moreover, we observed a significant moderating effect of the severe CSVD burden on the association between SCH and
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cognitive impairment. This finding may support the hypothesis that SCH may lead to the severe CSVD burden, which in
turn may lead to cognitive impairment.

The main strength of the current study is that the CSVD population was enrolled and CSVD was taken into account
when exploring the association between SCH and cognitive impairment. However, some limitations exist in our study.
First, causality could not be established due to the cross-sectional design. However, the result of the mediation analysis in
our study may support a causal pathway in which SCH may accelerate the development of CSVD, which in turn may
lead to cognitive impairment. Second, participants in our study were recruited from a single center, which may have
generated sampling bias. Third, repeat measurements of serum TSH and FT4 concentrations were not available in this
retrospective study, which may lead to misclassification bias. Future prospective or longitudinal studies are warranted to
address these issues.

Conclusions

In conclusion, our study found that SCH was associated with an increased risk of cognitive impairment in CSVD
patients. More importantly, the association between SCH and cognitive impairment appeared to be mediated by the
severe CSVD burden, which partially supported the hypothesis that SCH may lead to severe CSVD burden, which in turn
may lead to cognitive impairment. These findings may suggest strategies for screening for SCH in the context of
cognitive impairment in patients with severe CSVD.

Ethical Approval

The study followed the principles in the Declaration of Helsinki and was approved by the Ethical Committees of Hebei
General Hospital (NO.2022171). We promised that the data of the participants were anonymized or maintained with
confidentiality, and the rights or interests of participants were not be invaded. Therefore, the requirement for informed
consent in this study was waived in accordance with the national legislation and the institutional requirements.
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