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Subclinical hypothyroidism, an early and mild form of hypothyroidism rarely presents with clinical manifestations. Literature search has revealed 
conflicting results on cognitive dysfunction in subclinical hypothyroidism. While the majority of studies used neuropsychiatric tests for cognitive 
assessment, we aimed to study the cognitive function in subclinical hypothyroidism using evoked potentials “P300.” The data sources used were 
Google Scholar, PubMed, MEDLINE, and Cochrane which were rigorously searched until March 2024. The meta-analysis includes all published studies 
that used P300 evoked potential to assess cognitive performance in subclinical hypothyroidism. Aspecified checklist supervised the data extraction 
process. Using RevMan 5 software, mean P300 at Cz values were aggregated from the chosen trials. The differences in P300 at Cz between normal 
and subclinical hypothyroidism were evaluated. Data analyses were conducted till March 2023. The current meta-analysis was done using 4 studies 
with 156 subjects with subclinical hypothyroidism and 182 apparently healthy subjects showed a significant increase in P300 latency in subclinical 
hypothyroidism (mean difference (MD)=21.65, 95% confidence interval [CI] 0.37–42.92, p<0.00001) at Cz. There was a significant decrease in P300 
amplitude in subclinical hypothyroidism compared to healthy subjects at Cz (MD=−0.31, 95% CI −1.08 −0.47, p<0.33). Our study results suggest that 
subclinical hypothyroidism is associated with cognitive dysfunction as evidenced by the prolongation of the P300 latency. However, there is a need for 
analysis of more prospective cohort studies.
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INTRODUCTION

Thyroid disorders are considered one of the most common endocrine 
disorders [1]. In the broad spectrum of thyroid disorders falls subclinical 
hypothyroidism, an early and mild form of hypothyroidism which rarely 
presents with clinical manifestations and is often diagnosed in routine 
health checks [2]. Subclinical hypothyroidism is biochemically defined 
with normal free thyroxine levels, but an elevated level of thyroid-
stimulating hormone (TSH). Apopulation-based study found that the 
incidence of subclinical hypothyroidism to be around 10.25% with a 
higher prevalence rate in women [3]. Subclinical hypothyroidism has a 
faster development rate to overt hypothyroidism [4].

While neuropsychiatric dysfunction is considered common in overt 
hypothyroidism [5,6], literature search revealed inconclusive results 
with cognitive assessment in subclinical hypothyroidism[7]. Studies on 
cognitive dysfunction in subclinical hypothyroidism have predominantly 
used screening tools like mini-mental state examination (MMSE) and 
other psychometric tests [8]. These cognitive assessment tests are not 
free of limitations [9]. Auditory P300 event-related potentials offer a non-
invasive means of assessing the cognitive function of an individual [10]. 
Prolonged P300 latency is considered a sign of cognitive impairment [11].

There is a scarcity of data on the assessment of cognitive function 
in subclinical hypothyroidism using auditory P300 event-related 
potentials. Hence, the current meta-analysis aimed to evaluate the 
role of auditory P300-related potential in the assessment of cognitive 
dysfunction in subclinical hypothyroidism.

METHODS

Prospectively, the protocol of the study was filed in PROSPERO 
(Reg. No. CRD42024515755) and completed using “preferred 

reporting items for systematic reviews and meta-analysis (PRISMA) 
guidelines” [12].

Eligibility criteria
The PICO concept was followed to include the study participants. 
Population (adults of both gender with age ranging from 12 to 60years 
with subclinical hypothyroidism); intervention/exposure (auditory 
event-related potential P300); control (health adults of the same 
age group as above); outcomes (cognitive dysfunction evident with 
prolonged latency P300).

Studies
Cross-sectional and case–control studies were included.

Search methodology
Literature retrieval was carried out electronically. A complete and 
systematic review of studies till March 2024 was undertaken with 
medical subject headings (MeSH), from multiple databases like PubMed, 
MEDLINE, Google Scholar, and Cochrane. The MeSH terms employed were 
cognitive dysfunction, hypothyroidism, subclinical, evoked potentials, 
auditory, P300, event-related potentials (ERP), electrophysiology, and 
thyroid function tests using Boolean operators such as AND and OR. 
The results of the search were entered in Rayyan, an online application 
employed for systematic review and articles were selected [13]. Two-
stage screening approach was employed to select the studies. The 
literature search was done by three separate writers (DV, KS, and RM) 
conducted. Three authors (DV, KS, and RM) independently screened 
abstracts and completed texts to pick papers that met our review’s 
inclusion criteria. Any conflicts or discordances that arose throughout 
the study were handled by consensus with the fourth author (JF).

The appropriate research features were collected from the included 
studies by the first and co-authors based on the outcome measure. 
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Data were extracted by means of the planned checklist and included 
the author’s information, year of publication, sample size, study type, 
participant age, TSH, and P300 latency in subclinical hypothyroid 
and control subjects. The data were fed into RevMan 5.4 [14] and the 
third author (RM) carefully examined the data input for accuracy by 
comparing it to the data supplied. The selected articles are represented 
in Table 1.

Outcome of the study
The study’s outcome measure was an assessment of cognitive 
impairment using auditory P300 latency and amplitude.

Quality assessment
The risk of bias in the included studies was evaluated using the Joanna 
Briggs Institute critical appraisal checklist [15], as summarized in 
Table 2.

Statistical analysis
A quantitative meta-analysis of binomial data was performed using 
RevMan 5.4 software [14]. Given the heterogeneity among studies, 
a logistic-normal random-effects model was applied. Study-specific 
and overall pooled prevalence estimates were reported with 95% 
confidence intervals (CIs). Heterogeneity was evaluated using the 
I2 statistic, with values above 50% or a p<0.05 indicating substantial 
heterogeneity. Subgroup analyses were conducted to explore sources 
of heterogeneity and assess potential confounders. Forest plots were 
used to visually display individual study estimates and pooled results, 
both overall and within subgroups. Publication bias was assessed using 
funnel plots, and asymmetry in the plots was tested using Egger’s 
regression. To test the robustness of the findings, sensitivity analyses 
were also conducted.

RESULTS

Study selection and characteristics
Initially, 59 studies were collected from the database. After the duplicates 
were removed, 40 studies were examined. Four of the studies satisfied 
the inclusive criteria and eventually included in the analyses  [16-19]. 
The PRISMA flowchart for research selection is shown in Fig. 1.

Characteristics of the reviewed literature
The selected article’s information up to March 2024 is shown in Table 1. 
The research designs fell into two categories: Analytical cross-sectional 
(two studies) [16,17] and case–control studies (two studies) [18,19].

Main findings
Meta-analysis of four comparative studies with cognitive dysfunction 
among subclinical hypothyroidism and healthy individuals in 
terms of ERP P300 Latency (CZ), involving 156 subjects with 
subclinical hypothyroidism and 182 subjects who appeared healthy, 
found a significant effect in favor of the subclinical hypothyroidism 
group. Table 3 shows a mean difference (MD) of 21.65  (95% 
CI 0.37–42.92, p<0.00001). The Q statistic reached statistical 
significance (p=0.05), indicating substantial heterogeneity, as 
reflected by a high I2 value of 97%.

A meta-analysis of three eligible studies comparing cognitive 
dysfunction between individuals with subclinical hypothyroidism 
and healthy controls, based on ERP P300 latency (PZ), included 81 
participants with subclinical hypothyroidism and 90 healthy controls. 
The analysis revealed a significant overall effect in favor of the 
subclinical hypothyroidism group (MD=28.95, 95% CI: 20.00–37.91, 
p=0.24), as shown in Table 4. In addition, a significant Q statistic 
(p<0.00001) suggested the presence of heterogeneity (I2=30%).

A meta-analysis of three eligible comparative studies examining 
cognitive dysfunction in subclinical hypothyroidism versus healthy 
individuals, based on ERP P300 amplitude (Cz), included 135 
participants with subclinical hypothyroidism and 135 healthy controls. 
The analysis demonstrated a significant overall effect favoring the 
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Table 2: Risk of bias analysis

S. No. Analytical cross‑sectional studies Mahaur et al. 2016 Sivakumar and 
Rekha, 2016

Y N UC NA Y N UC NA
1 Were the inclusion criteria for the sample explicitly stated?  
2 Did the study provide a detailed description of the participants and the research setting?
3 Was the method of assessing exposure both accurate and consistent?
4 Were standardized and objective methods used to determine the condition of interest?
5 Did the study identify any potential confounding variables?
6 Were specific approaches outlined to address the impact of confounding factors?
7 Were the outcome measures applied with accuracy and consistency?
8 Was the statistical analysis suitable for the study design and objectives?

Case–control studies Sharma et al.  
2014

Paladugu et al. 
2015

Y N UC NA Y N UC NA
1 Were the case and control groups comparable aside from the presence or absence of the 

condition under study?
2 Was matching between cases and controls conducted appropriately?
3 Were consistent criteria applied to define both cases and controls?
4 Was the exposure assessed using standardized, valid, and reliable methods?
5 Was exposure information collected in the same manner for both groups?
6 Did the study identify potential confounding variables?
7 Were clear methods described for managing the effects of confounding factors?
8 Were the outcomes evaluated using consistent, valid, and reliable measures across both 

groups?
9 Was the duration of exposure sufficient to capture relevant effects?
10 Was the statistical analysis methodologically appropriate for the study design?
Y: Yes; N: No; UC: Unclear; NA: Not applicable, Y (Green color); Yes, N (White color): No, UC (yellow color): Unclear, NA (Grey color): Not Applicable

Fig. 1: Preferred reporting items for systematic reviews and meta-analysis flow-chart
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control group (MD=−0.31, 95% CI: −1.08–−0.47, p<0.33), as shown 
in Table 5. A significant Q statistic (p=0.44) indicated the presence of 
heterogeneity (I2=11%).

DISCUSSION

The present study aimed to identify the role of auditory P300 event-
related potential in the identification of cognitive dysfunction in 
subclinical hypothyroidism. It has totally involved four studies 
including 338 study participants involving 156 subjects with 
subclinical hypothyroidism and 182 apparently healthy individuals. No 
randomized controlled trials were identified in our literature search.

In this study, we found a large increase in the latency of auditory 
P300 ERP s at both Cz and Pz, as well as a significant drop in P300 
amplitude in individuals with subclinical hypothyroidism. Among 
the analyzed four studies, three studies showed a prolonged increase 
in the latency of the P300 [16,17,19]. Similar results were observed 
by Dejanovic et al. in individuals with subclinical hypothyroidism 
and suggested auditory P300 as a sensitive indicator for identifying 
subtle cognitive dysfunction in individuals with hypothyroidism [20]. 
Kocaaslan Atli et al. evaluated cognitive performance in children with 
subclinical hypothyroidism and showed that implicit alterations in 
cognitive functions not represented by neuropsychiatric tests can be 
identified by auditory P300 ERPs [21]. However, Sharma et al. did not 
record a significant difference in the latency of P300 between controls 
and subclinical hypothyroid individuals [18]. This inconsistency 
may be attributed to methodological variability, differences in study 
populations, or the degree of thyroid dysfunction among participants. 
In addition, subtle confounding variables such as undiagnosed vitamin 
B12 deficiency, anemia, or depression could influence P300 outcomes 
in these individuals [22].

The P300 ERP reflects cognitive functions including attention 
allocation and working memory. Its delay in latency may be an early 
biomarker for mild cognitive impairment (MCI). Reduced amplitude, 
although less consistent, may indicate diminished neural reserve or 
reduced allocation of cognitive resources [23,24]. Studies in other 
populations such as MCI and Alzheimer’s disease also support 
the use of P300 as a neurophysiological marker of early cognitive 
decline [25,26].

Previously, several studies have found a link between subclinical 
hypothyroidism and cognitive impairment. However psychometric 
tests like MMSE were used for assessing cognitive impairment. A study 
by Pasqualetti et al. and his colleagues identified a relationship between 
subclinical hypothyroidism and cognitive impairment only in individuals 
<70 years of age which they attribute to the over diagnosis of subclinical 
hypothyroidism in the elderly [8]. Another systematic review by Rieben 
et al. and his colleagues revealed no significant association between 
subclinical hypothyroidism and cognitive dysfunction. They have 
pooled the results of eleven prospective cohorts  [27]. Similar results 
were observed by Pyun et al. [28].

The results reveal a probable cognitive impairment in people with 
subclinical hypothyroidism, as shown by the delayed latency of P300. 
The results may contribute to planning strategies for the management 
of subclinical hypothyroidism. Paladugu et al. observed a significant 
improvement in the P300 values in subclinical hypothyroidism 
after intervention [19]. In addition, Hebbar et al. emphasized 
the critical role of early detection and intervention in subclinical 
hypothyroidism, especially during pregnancy, to avert long-term 
negative consequences [29]. Similar findings by Correia et al. advocate 
for early screening of cognitive impairment since there is evidence 

Table 3: Forest plot data for auditory P300 in subclinical hypothyroidism

Study SCH Total (SCH) Control Total (control) Weight (%) Mean difference (95% CI)

Mean SDMean SD
Mahaur et al. 2016 333.07 27.96 30 307.17 12.65 30 24.9 25.90 (14.92, 36.88)
Paladugu et al. 2015 319.33 30 33 296.41 13.44 33 22.7 22.92 (5.62, 40.22)
Sharma et al. 2014 283.14 19.97 75 281.84 9.76 75 26.2 1.30 (−3.73, 6.33)
Sivakumar and Rekha, 2016 328.51 8 30 291.64 12 30 26.2 36.87 (31.71, 42.03)
SCH: Subclinical hypothyroidism. Results are expressed as mean±SD (standard deviation). Overall Statistics: Total (SCH): 156, Total (Control): 168, Overall mean 
difference (IV, Random, 95% CI): 21.65 (0.37, 42.92), Test for overall effect: Z=1.99 (p=0.05) Heterogeneity: Tau2=442.30, Chi2=95.26, df=3 (p<0.00001, I2=97% Test for 
subgroup differences: Not applicable

Table 5: Forest plot data for P300 amplitude comparison

Study SCH Total (SCH) Control Total (Control) Weight (%) Mean difference (95% CI)

Mean SD Mean SD
Mahaur et al. 2016 9.25 6.12 30 7.98 2.91 30 9.8 1.27 (−1.15, 3.69)
Sharma et al. 2014 6.91 3.75 75 7.18 1.85 75 53.6 −0.27 (−1.22, 0.68)
Sivakumar and Rekha, 2016 7.532 2.395 30 8.316 2.304 30 36.6 −0.78 (−1.97, 0.41)
SCH: Subclinical hypothyroidism. Results are expressed as mean±SD (standard deviation). Total (SCH): 135, Total (Control): 135, Overall MD (IV, Random, 
95% CI): −0.31 (−1.08, 0.47), Test for overall effect: Z=0.78 (p=0.44), Heterogeneity: Tau2=0.06, Chi2=2.25, df=2 (p=0.33), I2=11%, Test for subgroup differences: Not 
applicable

Table 4: Forest plot data for P300 latency comparison

Study SCH Total (SCH) Control Total (Control) Weight (%) Mean Difference (95% CI)

Mean SD Mean SD
Mahaur et al. 2016 336.93 34.84 30 308.34 10.48 30 33.1 28.59 (15.57, 41.61)
Paladugu et al. 2015 316.42 27 33 297.9 23 33 24.1 18.52 (2.39, 34.65)
Sivakumar and Rekha, 2016 336.89 14 27 301.8 25 30 42.9 35.09 (24.41, 45.77)
SCH: Subclinical hypothyroidism. Results are expressed as mean±SD (standard deviation). Total (SCH): 81, Total (Control): 90, overall mean difference (IV, Random, 95% 
CI): 28.95 (20.00, 37.91), Test for overall effect: Z=6.34 (p<0.00001), Heterogeneity: Tau2=18.98, Chi2=2.85, df=2 (p=0.24), I2=30%, Test for subgroup differences: Not 
applicable
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for specific defects in hippocampal memory in overt and subclinical 
hypothyroidism [30].

While our study strengthens the argument for using auditory P300 
as a diagnostic adjunct in detecting early cognitive dysfunction in 
SCH, it is not without limitations. The included studies had varying 
methodologies, heterogeneous populations, and lacked longitudinal 
follow-up. Furthermore, comorbid conditions such as depression, 
which itself affects ERP parameters, were not uniformly controlled 
across studies [31]. Larger, well-designed prospective studies and 
randomized trials are needed to confirm the utility of P300 in clinical 
practice.

Future research should also examine the potential use of P300 latency 
as a treatment monitoring tool in SCH, especially in asymptomatic or 
borderline cases where a decision to treat may be uncertain. Integrating 
auditory P300 into cognitive assessment batteries could enhance 
the sensitivity of early cognitive dysfunction diagnosis, especially 
when used in combination with thyroid function monitoring and 
psychological evaluation [32,33].

Our meta-analysis tried to explore the role of auditory P300 in 
identifying subtle cognitive dysfunction in subclinical hypothyroidism, 
which is a major strength of the study among several meta-analysis 
which have pooled the results of cognitive dysfunction in subclinical 
hypothyroidism identified by neuropsychiatric tests. However, our 
study is not free of limitations. The pooled data reflect the results 
of only four studies. Hence, analysis of prospective cohort studies 
with adequate sample size may reflect the real impact of subclinical 
hypothyroidism on cognitive function.

CONCLUSION

Our meta-analysis found that patients with subclinical hypothyroidism 
have prolonged latency and less amplitude of auditory P300 event-
related potentials, characterizing a possible cognitive dysfunction. 
These results may guide in planning the early management of 
subclinical hypothyroidism.
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