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Abstract

Objective: To verify parents’/caregivers’ perceptions of changes in their children’s develop-

ment during the COVID-19 pandemic and factors associated with such perceptions.

Methods: Cross-sectional study using an online survey made available to parents/caregivers of

children between 0-7 years old, from September 2021 to March 2023 in two Brazilian states.

Respondents answered questions about their perceptions regarding their children’s neurodevel-

opment, and worsening of neurodevelopment during the COVID-19 pandemic. Validated ques-

tionnaires such as M-CHAT, “Swanson, Nolan and Pellham,” and “Strengths and Difficulties “were

applied according to age. Comparisons were made using the chi-square test or Fisher’s exact

test, and Poisson regression was used in the univariate analysis and in the multivariate analysis.

Results: Data from 589 children were obtained, 49.7% aged 0-3 years and 50.3% 4-7 years. Of the

0-3 age group, 50 (17.1%) were perceived as having abnormal neurodevelopment, and 79 (27.0%)

as having worsened neurodevelopment during the pandemic. Of the 4-7 year group, 76 (25.7%)

were perceived as having abnormal neurodevelopment, and 104 (35.1%) as having worsened

their neurodevelopment. Significant risk factors associated with the perception of abnormal neu-

rodevelopment were maternal schooling, the child’s sex and age; for the perception of worsen-

ing neurodevelopment were the child’s sex and age, low socioeconomic status, degree of social

isolation, and death in the family due to COVID-19.
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Conclusion: Data from the present study showed that parents/ caregivers' perception of normal

neurodevelopment was significantly higher than their recognition of abnormalities. In addition,

a significant percentage perceived a worsening during the COVID-19 pandemic.

© 2025 The Authors. Published by Elsevier Editora Ltda. on behalf of Sociedade Brasileira de

Pediatria. This is an open access article under the CC BY license (http://creativecommons.org/

licenses/by/4.0/).

1 Introduction

2 The COVID-19 pandemic, which occurred between 2020 and
3 2021, has affected the pediatric population in many ways.
4 The impact began with the interruption and limitation of
5 social interaction, including the closure of schools, leading
6 to a change in routine with intense home confinement, cul-
7 minating in various behavioral, psychological and neurode-
8 velopmental repercussions.1�4

9 Several studies were published during and after the pan-
10 demic, showing an increase in sleep problems in children
11 and adolescents, an impact on relationships due to the dep-
12 rivation of social interaction with peers, as well as limited
13 opportunities for physical and creative activities. In addi-
14 tion, they report behavioral changes and mood swings in
15 children, especially those diagnosed with ASD (autism spec-
16 trum disorder).5�7

17 Mental health in the pediatric population has become
18 more visible as a result of the changes identified. Studies
19 suggest an increase in neurobehavioral disorders, such as
20 associations with agitation, restlessness, and difficulty with
21 attention/concentration, emotional problems, aggressive
22 behavior, and an impact on social skills. Another aspect that
23 has been widely observed and referenced is the increase in
24 the time children are exposed to and use electronic devices,
25 as well as sleep problems during home confinement.3,4,8�10

26 Due to the findings previously described, the aim of this
27 study was to verify parents’/caregivers’ perceptions of
28 changes in their children’s development during the COVID-
29 19 pandemic and factors associated with such perceptions.
30 A secondary aim was to compare among states eventual dif-
31 ferences in this perception.
32 The authors hypothesized that differences between per-
33 ception of worsening and perception of abnormality in the
34 neurodevelopment of children during the COVID-19 pan-
35 demic might occur.

36 Methods

37 Type of study and data collection

38 This is a cross-sectional observational study with a target
39 population of children aged 0-7 years, with the partici-
40 pants/respondents of the research being the parents/care-
41 givers of this target population. The research was conducted
42 in the city of Porto Alegre, located in the state of Rio Grande
43 do Sul (RS), in southern Brazil, and in the city of Fortaleza,
44 located in the state of Cear�a (CE), in northeastern Brazil.
45 These states were chosen for convenience and because both
46 had adopted preventive and restrictive measures as a con-
47 tingency plan to deal with the pandemic, which were widely
48 followed by the population.11,12

49The data were collected using an online questionnaire
50made available by the digital data collection platform
51(online survey software) Qualtrics� (www.qualtrics.com).
52The online format was chosen in order to collect data simul-
53taneously in the two different cities. This study was
54approved by the Research Ethics Committee of the Pontifical
55Catholic University of Rio Grande do Sul (PUCRS) and is regis-
56tered on the Brazil Platform under the number
5747217921.2.0000.5336.
58Respondents were invited to participate by advertising
59the survey on the digital social media of the Pontifical Catho-
60lic University of Rio Grande do Sul and the Brain Institute of
61Rio Grande do Sul, radio spots and local/state television, as
62well as posters and folders with QR codes and links to the
63survey displayed in schools and pediatric clinics in the city of
64Porto Alegre. An active search for respondents was also car-
65ried out, with the questionnaire being applied in person in
66pediatric care settings linked to the PUCRS School of Medi-
67cine (Basic Health Units and the Hospital S~ao Lucas PUCRS
68Clinical Center). In Fortaleza, dissemination also took place
69via social media, with the access link being sent out, as well
70as posters and folders with QR codes displayed in public and
71private pediatric clinics and institutions. The active search
72was conducted in basic health units, where electronic devi-
73ces were made available on site directly by the researchers
74themselves. The questionnaire was open for responses
75between September 2021 and March 2023, with no request
76for respondents to access the survey again.

77Protocols and scales

78Consent was obtained by means of a form (Informed Consent
79Form - ICF) applied at the beginning of the online question-
80naire, after a brief descriptive explanation of the function-
81ing and purpose of this study. Respondents could only
82proceed with the survey, accessing the questions in the ques-
83tionnaire, after agreeing to take part in the study and agree-
84ing to the online ICF by clicking on "I agree to take part in
85this study". If they did not agree to take part, they were
86directed to the thank-you page.
87After accepting and agreeing, the respondent was ini-
88tially directed to collect sociodemographic data, followed
89by questions related to the history and course of pregnancy,
90prenatal care, childbirth, the neonatal period, and the
91child’s health. In the sequence come questions related to
92neurodevelopment, according to the age group. First, the
93respondents state their perception regarding their children’s
94neurodevelopment compared to children of the same age
95group, and also whether they have perceived a worsening in
96their children’s neurodevelopment during the COVID-19 pan-
97demic. The variables related to the assessment of neurode-
98velopment were based on the Denver Scale II, which was
99adapted into the form of a questionnaire, and on the Child
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100 Development Form of the Early Childhood for Healthy Adults
101 program (PIPAS).13�16

102 The interviewees were then directed to specific question-
103 naires on behavioral and neurodevelopmental disorders, all
104 previously validated for Brazilian Portuguese. Given that
105 early signs of autism spectrum disorder (ASD) can be identi-
106 fied in young children, the “Modified Checklist for Autism in
107 Toddlers” (M-CHAT) scale was used, which is recommended
108 for children between 18 and 24 months of age. According to
109 the total score of the M-CHAT, children were classified as
110 low risk for ASD (0-2 points); moderate risk (3-6 points), and
111 high risk (7-23 points) for ASD.17�21

112 The MTA-SNAP IV scale (shortened version of the Swan-
113 son, Nolan and Pellham Questionnaire) was used to assess
114 the symptoms of attention deficit hyperactivity disorder
115 (ADHD) in children aged 4 and older, the recommended age
116 for such screening. It consists of 26 items divided into three
117 subscales: inattention, hyperactivity/impulsivity and oppo-
118 sitional/challenging behavior. The score for each subscale
119 was added together to generate a raw score according to
120 the following classifications: clinically non-significant symp-
121 toms (< 13 points); mild symptoms (13-17 points); moderate
122 symptoms (18-22 points); severe symptoms (23-27
123 points).22�24

124 To assess and screen for mental health problems in chil-
125 dren aged 4 and over, the authors used the "Strengths and
126 Difficulties Questionnaire" (SDQ) - parent version. This ver-
127 sion consists of 25 items distributed in 5 subscales (emo-
128 tional symptoms, conduct problems, hyperactivity,
129 relationship problems with peers, and pro-social behavior).
130 The SDQ was classified according to the total difficulty score
131 as normal (0-13 points), borderline (14-16 points), and
132 abnormal (17-40 points).25,26

133 The last battery of questions referred to the situation of
134 restrictions related to the COVID-19 pandemic in the respond-
135 ent’s city, and also how the family behaved during the pan-
136 demic period, as well as addressing the use of electronic
137 devices and the time the child was exposed to screens
138 through two specific questions. At the end of the question-
139 naire, an automatic message was generated confirming that
140 the questionnaire had been completed and thanking them for
141 taking part in the survey, along with an information table on
142 warning signs of neurodevelopmental problems. For data
143 analysis, the authors only included data from respondents
144 who completed the questionnaire completely and to the end.

145 Sample calculation and statistical analysis

146 A total sample size of 550 children was calculated to test
147 whether there is a difference between the percentages of
148 perception of worsening and perception of abnormality in
149 the neurodevelopment of children during the COVID-19 pan-
150 demic between the groups, generated from the classifica-
151 tions of various characteristics under study (including
152 income, maternal education, maternal age, sex of the child,
153 among others). The calculation considered groups of similar
154 size, power of 80%, significance level of 5%, baseline per-
155 centage of perception of worsening or abnormality of 22%
156 and prevalence ratio of at least 1.5 as the minimum relevant
157 effect.
158 The values observed for the two outcomes considered
159 (perception of worsening and perception of abnormality in

160neurodevelopment) were described by count and percen-
161tages between the groups formed by the classifying varia-
162bles, including their distribution among the states in the
163sample. All initial comparisons were carried out using the
164Chi-square test or Fisher’s exact test, when necessary.
165Using Poisson regression, the prevalence ratio of percep-
166tion of worsening or abnormality in neurodevelopment, its
16795% confidence interval, and the p-value were obtained for
168each classifying variable. All the variables that showed p <

1690.20 in the univariate analysis were included in a multivari-
170able Poisson model to adjust the effects, obtaining the same
171statistics as above.
172The respondents' perceptions of worsening and abnormal-
173ity in neurodevelopment were compared with the reference
174values of the selected screening scales, M-CHAT, SDQ and
175SNAP. This resulted in sensitivity rates and false positive
176rates. Sensitivity rates indicated the extent to which
177respondents reported perceiving worsening and/or abnor-
178mality in the neurodevelopment of children classified as
179moderate/high risk (or similar denomination) by the
180selected scale. False positive rates indicate the extent to
181which respondents reported perceiving worsening and/or
182abnormality in the neurodevelopment of children classified
183as low risk (or similar denomination) by the selected scale.
184All statistical procedures were carried out using the IBM-
185SPSS version 25.0 program. Findings with a value of P<0.05
186were considered statistically significant.

187Results

188In total, the survey had 496 respondents, 220 from RS and
189276 from CE. The survey thus resulted in 589 children, 271
190from RS and 318 from CE, as each respondent could include
191more than one child during the course of answering the
192questionnaire.
193Table 1 shows the sociodemographic data of both the
194respondents and the children. In both states, the survey
195respondent was predominantly the child’s mother and there
196was a significant difference between the states (p < 0.001),
197showing that mothers in RS were younger, and their school-
198ing was lower (p < 0.001). With regard to self-reported
199monthly income, in CE there was a predominance of higher
200incomes among the respondents (p < 0.001), and in RS there
201was a predominance of Social Program participants
202(p = 0.012). Emphasizing the pandemic context, in the CE,
203there was greater compliance with local guidelines for social
204isolation, with a significant difference between the groups
205(p = 0.001). The reported cases of COVID-19 diagnoses in the
206family were higher in CE than in RS, (p = 0.001), as were the
207cases of COVID-19 deaths in family members (p = 0.019).
208With regard to children, there were statistically significant
209differences in the following variables: gender (p = 0.001),
210with a predominance of males in CE (61.0%) and females in
211RS (52.8%); age group (p = 0.005), with older children pre-
212dominating in CE; and schooling (p < 0.001), with a higher
213number of children who were not attending school in RS.
214Of the 589 children, 293 (49.7%) were in the 0-3 years age
215group and 296 (50.3%) were in the 4-7 years age group.
216Among the children aged 0 to 3, respondents perceived 50
217(17.1%), as having abnormal neurodevelopment, and 79
218(27.0%) worsened their neurodevelopment during the
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219 pandemic. Among children aged 4 � 7, 76 (25.7%) were ini-
220 tially perceived as having abnormal neurodevelopment, and
221 in 104 (35.1%) responders perceived a worsening on neuro-
222 development worsened during the COVID-19 pandemic.
223 Comparing both states (RS and CE) and both age groups,
224 there was an increased perception of abnormal neurodevel-
225 opment and worsening neurodevelopment during the pan-
226 demic in the age group 4-7. Regarding states, this perception
227 of CE was significantly higher than in RS (p < 0.001).
228 Table 2 shows the univariate and multivariable regression
229 analyses regarding the perception of worsening in children’s

230neurodevelopment during the COVID-19 pandemic. In the uni-
231variate analysis, significance was observed in relation to the
232variables family income, maternal schooling, sex of the child,
233age group of the child, having been in social isolation, and
234cases of death from COVID-19 in the family. After adjustment,
235the variables maternal schooling, sex of the child and age
236group of the child remained significant, proving to be risk fac-
237tors associated with the outcome of perception of worsening
238neurodevelopment during the COVID-19 pandemic.
239Table 3 shows the univariate and multivariable regression
240analyses regarding the perception of abnormal

Table 1 Demographic data of the respondents and the children under study.

Variable CE RS P

Respondents (N = 276) (N = 220)

Who answered the questionnaire, no. (%) 0.694

Mother 253 (91.7) 200 (90.9)

Dad 12 (4.3) 8 (3.6)

Other 11 (4.0) 12 (5.5)

Maternal age in years, no. (%) 0.173

< 18 5 (1.8) 9 (4.1)

� 18 271 (98.2) 211 (95.9)

Median (AIQ) 37 (32-40) 33 (25-38) <0.001

Mother’s schooling, number/total number (%) <0.001

Elementary School 7/276 (2.5) 34/202 (16.8)

MS up to incomplete degree 52/276 (18.8) 82/202 (40.6)

Full degree and PG 217/276 (78.6) 86/202 (42.6)

Who the child lives with, no. (%) <0.001

Responsible 1 and 2 214 (77.5) 152 (69.1)

Responsible 1 (father or mother) 31 (11.2) 11 (5.0)

Responsible 2 (father or mother) 25 (9.1) 46 (20.9)

Another family member 6 (2.2) 11 (5.0)

Family income in minimum wages, no. (%) <0.001

Up to 1 30 (10.9) 68 (30.9)

Between 1 and 2 29 (10.5) 37 (16.8)

From 2 to 4 34 (12.3) 36 (16.4)

From 4 to 10 74 (26.8) 36 (16.4)

From 10 to 20 71 (25.7) 22 (10.0)

Above 20 38 (13.8) 21 (9.5)

Participates in Social Program, no. (%) 39 (14.1) 51 (23.3) 0.013

Did social isolation (*), number/total number (%) 255/275 (92.4) 186/218 (85.3) 0.011

COVID in the family, number/total number (%) 204/269 (73.9) 136/217 (62.7) 0.002

Death due to COVID in the family, no. (%) 31 (11.2) 13 (5.9) 0.040

Children (N=318) (N=271)

Sex, number (%) 0.001

Female 124 (39.0) 143 (52.8)

Male 194 (61.0) 128 (47.2)

Age group, number (%) 0.005

0-3 years 142 (44.7) 151 (55.7)

4-7 years 176 (55.3) 120 (44.3)

Schooling, number/total number (%) <0.001

They don’t study 60/316 (18.9) 110/271 (40.6)

Nursery 74/316 (23.3) 78/271 (28.8)

Pre-school 113/316 (35.5) 47/271 (17.3)

1st grade Elementary School 36/316 (11.3) 20/271 (7.4)

2nd grade Elementary School 26/316 (8.2) 15/271 (5.5)

3rd grade Elementary School 7/316 (2.2) 1/271 (0.4)

CE, State of Cear�a; RS, State of Rio Grande do Sul; P, statistical significance; AIQ, interquartile range. (*) According to the regulations in

force in the region. COVID, disease caused by the coronavirus.
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241 neurodevelopment compared. In the univariate analysis, the
242 variables family income, gender of the child, age group of
243 the child, participation in a Social Program, having been in
244 social isolation and cases of death from COVID-19 in the fam-
245 ily reached a statistical significance. In the multivariable
246 analysis, after adjustment, the variables sex of the child,
247 age group of the child, participation in a Social Program,
248 having been socially isolated and cases of death by COVID-19
249 in the family remained significant.
250 According to Table 4, the respondents generally agreed
251 more with the normal/low risk classifications of the scales
252 used. The greatest predominance of agreement between
253 perception of abnormality and risk classification was
254 observed in the Inattention subscale of the SNAP scale, mod-
255 erate/severe signs (68.6%). As for the respondents' percep-
256 tion of worsening in children’s neurodevelopment during the
257 pandemic, agreement was higher with the risk classification,
258 also of the Inattention subscale of the SNAP scale, moder-
259 ate/severe signs (77.1%).
260 In addition, the sensitivity rate and the false positive rate
261 of the comparisons between the respondents' perceptions
262 and the scale ratings were calculate the highest sensitivity

263rate was obtained between the SNAP (Inattention) scale and
264respondents' perceptions of abnormal neurodevelopment
265(68.6%) and worsening neurodevelopment during the pan-
266demic (77.1%). In other words, the respondents showed a
267perception of abnormality and worsening in development in
268children who were classified as at risk by this scale. The low-
269est false positive rate was obtained between the M-CHAT
270scale and respondents' perceptions of abnormal neurodevel-
271opment (8.3%) and worsening neurodevelopment during the
272pandemic (16.7%). This means that respondents reported
273perceiving abnormal neurodevelopment and worsening neu-
274rodevelopment in children who were classified by the scale
275as low risk.

276Discussion

277This study provides information about the perceptions of
278parents and/or caregivers regarding the neurodevelopment
279of their children during the COVID-19 pandemic and the risk
280factors associated with such perceptions. It also presents
281the sensitivity rates and false positive rates of these

Table 2 Respondents' perception of worsening neurodevelopment during the COVID-19 pandemic.

Univariate analysis Multivariable analysis*

Features N no. % PR 95% CI P PR 95% CI P

Family income

up to 2 MW 202 54 26.7 Ref. � � Ref. � �

2 to 10 MW 207 64 30.9 1.14 0.83 � 1.56 0.412 0.76 0.50 � 1.15 0.198

> 10 MW 180 65 36.1 1.31 0.96 � 1.79 0.086 0.76 0.48 � 1.21 0.248

Education

Fundamental 50 9 18.0 Ref. � � Ref. � �

Up to incomplete degree 172 48 27.9 1.51 0.76 � 2.99 0.236 1.51 0.78 � 2.93 0.224

Undergraduate and PG 344 124 36.0 1.92 1.00 � 3.68 0.050 2.22 1.05 � 4.69 0.036

Maternal age

up to 18 years old 16 4 25.0 0.84 0.36 � 2.00 0.701

> 18 years 573 179 31.2 Ref. � �

Sex of the child

Female 267 69 25.8 0.75 0.59 � 0.96 0.022 0.74 0.58 � 0.94 0.013

Male 322 114 35.4 Ref. � � Ref. � �

Child’s age group

0 to 3 years 293 79 27.0 Ref. � � Ref. � �

4 to 7 years 296 104 35.1 1.36 1.07 � 1.74 0.012 1.34 1.05 � 1.72 0.020

Participation Social program

Yes 113 36 31.9 1.04 0.76 � 1.43 0.800

No 476 147 30.9 Ref. � �

Social isolation

Yes 522 169 32.4 1.59 0.94 � 2.70 0.085 1.36 0.81 � 2.28 0.241

No 67 14 20.9 Ref. � � Ref. � �

COVID-19 in the family

Yes 397 127 32.0 1.08 0.82 � 1.41 0.596

No 192 56 29.2 Ref. � �

Death from COVID-19 in the

family

Yes 49 20 40.8 1.29 0.88 � 1.89 0.185 1.35 0.92 � 1.99 0.121

No 540 163 30.2 Ref. � � Ref. � �

COVID- 19, disease caused by the coronavirus; N, total; no., perception of worsening; PR, prevalence ratio; CI, confidence interval; P, sta-

tistical significance; Ref, reference group; MW, minimum wage; HS, high school; PG, postgraduate; (*) all variables with a p-value < 0.20
in any of their categories were included in the multivariable model.
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282 perceptions in relation to the results of screening scales for
283 neurodevelopmental disorders.
284 In general, the respondents' perception of normal neuro-
285 development is higher than their recognition of abnormal
286 neurodevelopment. Regarding the perception of worsening
287 neurodevelopment during the COVID-19 pandemic, this was
288 reported in both states, although there was a greater pre-
289 dominance of this perception in the 4-7 years age group.
290 Due to the impact of the COVID pandemic in many aspects of
291 life, this topic has also been investigated in other countries,
292 with some studies applying similar methodology.
293 A cross-sectional study carried out in Turkey assessed psy-
294 chological and behavioral changes in children at different
295 ages (early childhood, n = 249; second childhood, n = 193; and
296 adolescence, n = 399) before and during the COVID-19 pan-
297 demic, from the perspective of their parents' perceptions,
298 using an online questionnaire. The study found that parents
299 predominantly perceived sleep-related problems in early
300 childhood, behavioral changes and psychological symptoms in
301 later childhood, and behavioral and psycho-emotional
302 changes, as well as cognitive changes in adolescents.27

303In a cohort study carried out in Japan, with a sample of
304887 children, 447 in the 1-3 years group and 440 in the 3-
3055 years group, the perception of negative impact varied. In
306the 1-3 age group, the exposed cohort did not show a nega-
307tive association between the pandemic and general develop-
308ment. In contrast, in the 3-5 age group, children were 4.39
309months behind in overall development at age 5 compared to
310controls, in all subdomains (broad motor, fine motor, recep-
311tive language, expressive language, language concepts,
312social relationships with children, social relationships with
313adults, and discipline).28 Similarly, in the present study, the
314greatest impacts were reported in older children, aged 4-7.
315A Brazilian cross-sectional study analyzed, through the
316perception of family members who answered an online ques-
317tionnaire, the effects of a lack of school environment during
318the pandemic on the development of their children aged
319between 1-5 years. Results showed that the socio-emotional
320aspect was the most negatively affected (this perception
321was more intense in the group of children over three years
322old), followed by the cognitive-linguistic aspect. Some
323aspects were mentioned as having had a positive impact,

Table 3 Perception of neurodevelopmental abnormality by respondents during the COVID-19 pandemic.

Univariate analysis Multivariable analysis*

Features N no. (%) PR 95% CI P PR 95% CI P

Family income

up to 2 MW 202 52 25.7 Ref. � � Ref. � �

2 to 10 MW 207 32 15.5 0.60 0.41 � 0.89 0.011 0.86 0.56 � 1.34 0.514

> 10 MW 180 42 23.3 0.91 0.63 � 1.30 0.589 1.32 0.83 � 2.09 0.247

Education

Fundamental 50 9 18.0 Ref. � �

Up to incomplete degree 172 40 23.3 1.27 0.63 � 2.59 0.507

Undergraduate and PG 344 74 21.5 1.19 0.60 � 2.36 0.626

Maternal age

up to 18 years old 16 4 25.0 1.18 0.48 � 2.89 0.714

> 18 years 573 122 21.3 Ref. � �

Sex of the child

Female 267 37 13.9 0.50 0.35 � 0.71 <0.001 0.51 0.36 � 0.71 <0.001

Male 322 89 27.6 Ref. � � Ref. � �

Child’s age group

0 to 3 years 293 50 17.1 Ref. � � Ref. � �

4 to 7 years 296 76 25.7 1.51 1.09 � 2.08 0.013 1.50 1.10 � 2.05 0.012

Participation Social program

Yes 113 40 35.4 1.96 1.43 � 2.69 <0.001 2.06 1.35 � 3.13 0.001

No 476 86 18.1 Ref. � � Ref. � �

Social isolation

Yes 67 8 11.9 1.89 0.98 � 3.64 0.056 1.93 1.04 � 3.60 0.039

No 522 118 22.6 Ref. � � Ref. � �

COVID-19 in the family

Yes 397 79 19.9 0.81 0.59 � 1.12 0.200

No 192 47 24.5 Ref. � �

Death from COVID-19 in the

family

Yes 49 17 34.7 1.72 1.14 � 2.60 0.009 1.89 1.28 � 2.79 0.001

No 540 109 20.2 Ref. � � Ref. � �

COVID-19, disease caused by the coronavirus; N, total; no., perception of neurodevelopmental abnormality; PR, prevalence ratio; CI, con-

fidence interval; P, statistical significance; Ref, reference group; MW, minimum wage; HS, high school; PG, postgraduate; (*) all variables
with a p-value < 0.20 in any of their categories were included in the multivariable model.
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324 with the cognitive-linguistic aspect being perceived as more
325 positive than the motor and socio-emotional aspects; how-
326 ever, it should be noted that the number of respondents who
327 did not identify positive effects was higher than those who
328 did not perceive negative effects. However, in the percep-
329 tion of the respondents, with regard to child development,
330 the negative impacts of the pandemic were greater than the
331 positive ones, regardless of the age group assessed.29

332 A cross-sectional study carried out in the United States
333 involving 37 subjects (health professionals, childcare pro-
334 viders and parents), showed their concern about the limita-
335 tions of the pandemic impacting social interactions, the lack
336 of access to peer models, and fewer opportunities for physi-
337 cal exploration and creative activities to promote child
338 development.7

339 In order to demonstrate these impacts on development
340 and with an emphasis on the first year of life, a cohort study
341 carried out in the United States examined the neurodevelop-
342 ment of babies born during the pandemic, at birth, and at 6
343 months of age, children of mothers infected with and moth-
344 ers not infected with SARS-CoV-2. Using the Ages & Stages
345 Questionnaire 3rd Edition (ASQ-3) protocol, it was found
346 that in utero exposure to maternal SARS-CoV-2 infection was
347 not associated with significant differences in any ASQ-3 sub-
348 domain. However, compared to the historical cohort, infants
349 born during the pandemic had significantly lower scores in
350 the domains of broad and fine motor skills and personal-
351 social skills at 06 months of age.30

352 Further, a systematic review and meta-analysis evaluated
353 the association of birth and development during the COVID-
354 19 pandemic found an increased risk of impaired

355neurodevelopment among infants up to 12 months, predomi-
356nantly in aspects of communication and interpersonal
357relationships.31

358In relation to the studies that used similar methodology
359but focused on populations with neurodevelopmental disor-
360ders, it is worth highlighting those described below.
361A study of 506 Slovak families, 236 of whom had children
362diagnosed with ASD, monitored changes in children’s behav-
363ior during the three waves of the COVID-19 pandemic. The
364findings showed an increase in inappropriate and maladap-
365tive behaviors in both neurotypical children and children
366diagnosed with ASD, with minimal changes during the third
367wave in children with ASD, which could be explained by the
368greater availability of therapy during this period for such
369children.6

370A longitudinal study, carried out in Australia, examined
371the impact of COVID-19 restrictions among 213 children aged
3725 to 17 with attention deficit/hyperactivity disorder. Based
373on an online questionnaire completed by parents, it was
374found that compared to pre-pandemic, children had less
375exercise and less time outdoors, as well as less enjoyment of
376activities, while television, social media, and gaming time
377increased, with an increase in sad/depressed mood and lone-
378liness. This study also highlighted parents' reports of positive
379changes for their children, including more family time.32

380In the present study, the findings showed that the most
381significant risk factors associated with the perception of
382worsening neurodevelopment were the mother’s level of
383education, the child’s gender, and the child’s age group.
384Regarding the perception of abnormal neurodevelopment,
385the most significant associated factors were the child’s gen-
386der, age group, family participation in a social program, the

Table 4 Comparison between respondents’ perceptions and ratings by the selected scales.

Perceptions � Scales Total

Perceptions � M-CHAT, no./total no. (%) (N = 79)

Abnormality � Moderate, hight risk 8/31 (25.8)

Normality � Low risk 44/48 (91.7)

Worsening in the pandemic � Moderate, hight risk 10/31 (32.3)

Perceptions � SDQ, no./total no. (%) (N=296)

Abnormality � Abnormal 52/153 (34.0)

Normality � Normal, boderline 119/143 (83.2)

Worsening in the pandemic � Abnormal 64/153 (41.8)

Perceptions � SNAP (Inattention), no./total no. (%) (N=296)

Abnormality � Moderate, severe 24/35 (68.6)

Normality � No signs, mild signs 209/261 (80.1)

Worsening in the pandemic � Moderate, severe 27/35 (77.1)

Perceptions � SNAP (Hyperactivity, impulsivity), no./total no. (%) (N=296)

Abnormality � Moderate, severe 14/39 (35.9)

Normality � No signs, mild signs 195/257 (75.9)

Worsening in the pandemic � Moderate, severe 19/39 (48.7)

Perceptions � SNAP (Oppositional, challenging behavior), no./total no. (%) (N=296)

Abnormality � Moderate, severe 5/23 (21.7)

Normality � No signs, mild signs 202/273 (74.0)

Worsening in the pandemic � Moderate, severe 6/23 (26.1)

M-CHAT, Modified Checklist for Autism in Toddlers scale; SDQ, Multimodal Treatment Study of Children with Attention-Deficit Hyperactivity

Disorder scale; SNAP, Strenghs and Difficulties Questionnaire scale; no., respondents’ perceptions; total no., classification by the scale; N,

total number of children covered by the scale.
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387 family having been socially isolated during the COVID-19
388 pandemic, and losing a family member for COVID-19.
389 A previous study on risk factors for infant motor develop-
390 ment showed that mothers with higher levels of education
391 have more knowledge and concern about the adequate stimu-
392 lation of their children, devoting more attention to their devel-
393 opment.33 In this study, it was observed that the higher the
394 level of maternal education correlated with greaterthe per-
395 ception of worsening in the child’s neurodevelopment during
396 the COVID-19 pandemic, corroborating the previous report.
397 Another study, with data collected at the beginning of the
398 pandemic, found that parents and caregivers reported sig-
399 nificant concerns about their children’s development during
400 the pandemic. The study points to possible delays in cogni-
401 tive development, difficulties in social interaction, and
402 behavioral regressions. The environment of isolation and
403 reduced external stimuli was identified as a determining fac-
404 tor. Besides, adverse life experiences related to family, envi-
405 ronment, and society were considered environmental risks
406 for problems in child development. Some of these adverse
407 experiences include poor health conditions, lack of social
408 and educational resources, maternal education, and family
409 stress.34 In the present study, it was found that family partic-
410 ipation in a social program, a factor that refers to restricted
411 access to social resources, was a risk factor associated with
412 the perception of neurodevelopmental abnormality. In other
413 words, in this study, families participating in a social pro-
414 gram reported a greater perception of abnormality than
415 families not participating in a social program. Further, the
416 present study showed a higher prevalence of perceived neu-
417 rodevelopmental abnormality among respondents who said
418 that they remained in social isolation, that is, they stayed at
419 home with their children, which allowed them more time to
420 observe and perceive them.
421 It is worth highlighting some limitations of this study, such
422 as the heterogeneous socio-demographic distribution of the
423 sample population, with a predominance of respondents
424 from a more privileged social level among residents of Cear�a.
425 The sample refers to only two Brazilian states and, espe-
426 cially in the state of Cear�a, includes respondents with a very
427 high level of education in relation to the Brazilian popula-
428 tion. This aspect may influence the perception of people
429 with higher levels of education in a different way. Another
430 limitation is that there was no precise information on previ-
431 ous diagnoses of neurodevelopmental disorders in the chil-
432 dren under study. On the other hand, one of the strengths of
433 this study is that the authors compared the respondents' per-
434 ception with standardized scales and showed agreement at
435 different levels.
436 In conclusion, this study found that parents' and/or care-
437 givers' perception of normal neurodevelopment was signifi-
438 cantly higher than their recognition of abnormalities. It also
439 showed that these caregivers perceived a worsening in their
440 children’s neurodevelopment during the COVID-19 pan-
441 demic. Further, the risk factors for the perception of abnor-
442 mal neurodevelopment were related to sex (male) age
443 group (4-7 years), family socioeconomic level, degree of
444 family isolation and the decrease of family members during
445 the COVID-19 pandemic. For the perception of worsening in
446 children’s neurodevelopment, the risk factors found were
447 the child being male, being in the 4-7 age group, and mater-
448 nal schooling.
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