Preprints are preliminary reports that have not undergone peer review.

6 Research Sq uare They should not be considered conclusive, used to inform clinical practice,

or referenced by the media as validated information.

Measuring hesitancy toward childhood vaccines
before birth: validation of the Vaccine Hesitancy
Scale in pregnant women and its association with
health locus of control

Fatma Yagmur Evcil

fyagmuroyedek@email , com

Polath District Health Directorate, Ankara Provincial Health Directorate, Republic of Turkey Ministry of
Health
Esra Cicek

Konya Provincial Directorate of Health, Republic of Turkey Ministry of Health

Hasan Kiiguikkendirci
Meram Faculty of Medicine, Necmettin Erbakan University

Orgun Furkan Bayram
Meram Faculty of Medicine, Necmettin Erbakan University

Research Article

Keywords: Vaccination Hesitancy, Pregnancy, Immunization Schedule, Internal-External Control,
Psychometrics, Prenatal Care

Posted Date: October 18th, 2026
DOI: https://doi.org/10.21203/rs.3.rs-11189365/v1

License: © ® This work is licensed under a Creative Commons Attribution 4.0 International License.
Read Full License

Additional Declarations: No competing interests reported.

Page 1/22


https://doi.org/10.21203/rs.3.rs-11189365/v1
https://doi.org/10.21203/rs.3.rs-11189365/v1
https://doi.org/10.21203/rs.3.rs-11189365/v1
https://creativecommons.org/licenses/by/4.0/

Abstract
Purpose

Decisions about a child’s routine vaccinations begin to take shape before birth, yet no psychometrically
evaluated instrument measures pregnant women'’s hesitancy toward the vaccines their unborn child will
receive. We evaluated the Vaccine Hesitancy Scale (VHS) adapted for pregnant women and its
association with health locus of control.

Methods

In this methodological, cross-sectional study, 330 pregnant women attending an obstetrics outpatient
clinic in Turkey were enrolled consecutively. The validated Turkish VHS was reworded to refer to the
unborn child and reviewed by ten experts. The sample was randomly split into calibration and validation
subsamples for exploratory and confirmatory factor analysis. Known-groups validity, discrimination and a
hierarchical regression including the Multidimensional Health Locus of Control Scale were examined.

Results

The two-factor structure was reproduced, explaining 66.51% of the variance. The confirmatory model
fitted acceptably after a single residual covariance between two adjacent confidence items (CFI =0.978,
RMSEA = 0.077), supported by WLSMV estimation. Internal consistency was high for the lack of
confidence subscale (a =0.945) but low for the two-item risks subscale. Hesitancy was higher in all three
prespecified known groups, and the total score discriminated maternal tetanus vaccine refusal (AUC =
0.821). Health locus of control added 9.2% to the explained variance; control attributed to health
professionals and to oneself was associated with lower hesitancy.

Conclusion

Hesitancy toward childhood vaccines can be identified during pregnancy, before the first vaccine dose is
due, and counseling can be oriented to women'’s control beliefs.

What is Known — What is New

e What is Known: The WHO SAGE Vaccine Hesitancy Scale has been validated in parents of children
already born; parents’ decisions about childhood vaccination begin during pregnancy.

* What is New: Adapted to the unborn child, the scale retained its two-factor structure in 330 pregnant
women; hesitancy was measurable before the first vaccine dose and was lower when control was
attributed to health professionals or to oneself.
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Introduction

Pregnancy involves many decisions about maternal and infant health, among them the unborn child’s
childhood vaccinations [1, 2]. In Turkey, the childhood immunization schedule begins with a hepatitis B
dose at birth [3], in line with the World Health Organization (WHO) recommendation that this dose be given
within 24 hours of birth [4]. These decisions must therefore be acted on immediately after birth, and they
begin to take shape during pregnancy [1, 2, 5, 6].

Vaccine hesitancy, defined as the delay in acceptance or refusal of vaccination despite the availability of
services [7], is recognized as a global threat to childhood immunization [8]. Confidence in the importance
of childhood vaccines declined in 52 of 55 countries with available data [9].

Several instruments measure vaccine hesitancy [10-13]; among them, the Vaccine Hesitancy Scale (VHS),
developed by the WHO Strategic Advisory Group of Experts (SAGE) Working Group, has been evaluated
psychometrically [10, 14], and brief parental instruments continue to be validated in new populations [15].
These instruments assess general vaccination attitudes [11, 12] or hesitancy toward a child already born
[13, 14], whereas those used in pregnancy focus on vaccines for the mother herself [16]. To our
knowledge, no psychometrically evaluated instrument assesses pregnant women'’s hesitancy toward the
routine childhood vaccines intended for their unborn child.

Establishing the prevalence of hesitancy does not explain why it arises. Concerns about vaccine safety,
misinformation from social media and the internet, and problems of trust in health professionals play an
important role in hesitancy and refusal [17, 18]. Health locus of control theory distinguishes whether
individuals attribute control over their health to themselves, to powerful others, or to chance [19];
examining hesitancy along these dimensions may help tailor prenatal counseling [20].

This study evaluated the psychometric properties of the Turkish VHS adapted to measure pregnant
women’s hesitancy toward their unborn child’s routine vaccinations, and examined its relation to the
dimensions of health locus of control.

Materials and methods
Design, setting and participants

This methodological, cross-sectional study evaluated the validity and reliability of the Turkish VHS
adapted for pregnant women; reporting followed the STROBE checklist [21] (Online Resource 2). Data
were collected between April 1 and June 25, 2026, at the obstetrics and gynecology outpatient clinic of a
state university hospital in Turkey. Pregnant women aged 18 years or older with sufficient Turkish
proficiency and no cognitive impairment preventing completion of the form were enrolled consecutively (n
= 330). Sample size considerations are given in Online Resource 1.

Instruments
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A 17-item form covered sociodemographic, obstetric and vaccine-related variables; maternal tetanus
vaccination was recorded as intention below 20 weeks and actual status thereafter.

The VHS, developed by the SAGE Working Group [10], was psychometrically evaluated in 3,779 Canadian
parents [14], yielding a nine-item, two-factor structure (seven-item lack of confidence and two-item risks
subscales). Items are rated on a five-point Likert scale (confidence items reverse-scored); total scores
range from 9 to 45, higher scores indicating greater hesitancy. The Turkish form was validated in 317
parents of children aged 9-16 years [22]. In the present adaptation, the items referring to the child (1, 3, 7
and 8) were rephrased in the future tense to refer to the unborn child, item 6 was simplified, and the
instructions specified the childhood vaccines to be given under the National Immunization Schedule
(Online Resource 1, Table S5). Content validity was rated by 10 experts (I-CVI 0.90-1.00; S-CVI/Ave 0.98)
[23], a Turkish-language expert reviewed the form, and a pilot with 40 pregnant women identified no
comprehension problems.

Health locus of control was measured with Form A of the Multidimensional Health Locus of Control Scale
(MHLC) [19], which assesses internal, chance and powerful others dimensions with six items each on a
six-point scale (subscale range 6—36); the Turkish version has acceptable fit and reliability [24]. The three
subscale scores were used as continuous variables.

Data collection and analysis

Forms were self-administered in the waiting area under researcher supervision. Analyses used IBM SPSS
25, AMOS 24 and R 4.6.1 (lavaan) [25]; significance was set at p < 0.05. Full analytical details are given in
Online Resource 1.

The sample was randomly split into calibration and validation subsamples (n = 165 each). Exploratory
factor analysis (EFA, principal axis factoring, direct oblimin) was conducted in the calibration subsample,
with the number of factors decided by the eigenvalue criterion, scree plot and parallel analysis [26, 27].
Confirmatory factor analysis (CFA) was conducted in the validation subsample with maximum likelihood
estimation; because the items were ordinal and multivariate normality was not met, the Bollen—Stine
bootstrap [28] and a sensitivity analysis with WLSMV estimation on polychoric correlations were added.
The loadings of the two-item risks factor were constrained to be equal for identification. The unmodified
two-factor model, a final model with a residual covariance between items 1 and 2 (also reported in the
Turkish parent form [22]) and a one-factor alternative were compared using conventional fit criteria [29,
30]. Reliability was assessed with Cronbach’s alpha and, for the two-item subscale, the Spearman—Brown
coefficient [31]; composite reliability (CR) and average variance extracted (AVE) [32], item discrimination
and floor and ceiling effects [33] were also examined.

Known-groups validity was tested with the a priori hypothesis that VHS scores would be higher among
women who refused maternal tetanus vaccination, whose previous child was incompletely vaccinated,
and who were not vaccinated against influenza during pregnancy (Welch’s t test, Cohen’s d [34]; ROC

analysis with a data-derived, exploratory cut-off). Comparisons by descriptive characteristics were
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hypothesis-generating; variables independently associated with hesitancy were examined with a
preplanned four-block hierarchical regression (demographics; vaccination status; information source;
locus of control), interpreted as associational given the cross-sectional design.

Claude (Anthropic) was used to translate the manuscript from Turkish into English; the authors reviewed
the translation and take full responsibility for the content.

Ethical considerations

The study was conducted in accordance with the Declaration of Helsinki (2024 revision) and approved by
the Non-Interventional Clinical Research Ethics Committee of Necmettin Erbakan University, Meram
Faculty of Medicine (No. 2026/6421, 13 March 2026); institutional permission, written informed consent
and permission from the authors of the Turkish forms of both scales were obtained.

Results

Sample characteristics and vaccine hesitancy

The 330 participants had a mean age of 28.61 + 5.15 years and a mean gestational age of 23.54 + 9.92
weeks; 58.2% had a previous live birth. Regarding maternal tetanus vaccination, 77.0% had been or would
be vaccinated, 12.4% were undecided and 7.9% refused; 4.2% had received influenza vaccination, and
healthcare professionals were the most influential information source for 82.7%. The mean VHS total
score was 20.48 + 7.82 (range 9-45).

VHS scores were higher among women with a previous incompletely vaccinated child, those who refused
maternal tetanus vaccination, those not vaccinated against influenza, those who believed that neither
maternal vaccine protects the baby, and those relying primarily on scientific literature rather than
healthcare professionals (all p < 0.001); they differed by education (p < 0.001) and correlated weakly with
gestational week (r = 0.142), but not with the remaining characteristics (Table 1).

Table 1 Participant characteristics and comparison of Vaccine Hesitancy Scale (VHS) scores (N = 330)
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Variable

Age (years)

Gestational age (weeks)

Number of living children (n = 192)

Variable

Education level

Primary school or belowl
Middle schoolll

High schoollf

University or abovelll
Occupation

Housewife

Employed

Perceived economic status
Income less than expenses
Income equal to expenses
Income more than expenses
Pre-pregnancy chronic disease
No

Yes

High-risk pregnancy

No

Yes

Do not know / not informed
Previous live birth

Yes

No

Mean = SD
(range)

28.61+5.15
(18-43)

23.54 £9.92 (5-
417)

1.76 £ 0.79 (1-4)

n (%)

31(9.4)
86 (26.1)
93 (28.2)
120 (36.4)

238 (72.1)
92 (27.9)

25 (7.6)
191 (57.9)
114 (34.5)

282 (85.5)
48 (14.5)

210 (63.6)
91 (27.6)
29 (8.8)

192 (58.2)
138 (41.8)
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Correlation with VHS

score (r)

-0.065

0.142

-0.011

VHS score (Mean % SD)

17.16 £ 4.58
20.19 +7.07
22.68 +8.06
19.83 +£8.40

20.79 +7.40
19.65 + 8.81

18.40 + 6.42
20.94 £ 8.11
20.16 +7.57

20.52 +8.08
20.21+6.13

20.56 +8.20
20.21 +6.98
20.69+7.75

20.25+7.68
20.79 £ 8.03

value

0.241

0.010

0.875

value

<0.001

0.235

0.195

0.798

0.917

0.537



Previous child’s vaccination status (n = <0.001
192)

All scheduled vaccinations completed 176 (91.7) 19.22 £ 6.51

Partially vaccinated or not vaccinated 16 (8.3) 31.62+10.30

Maternal tetanus vaccination status <0.001
Vaccinated / will be vaccinatedi 254 (77.0) 19.24 +7.04

UndecidedK 41 (12.4) 21.12+7.12

Refused / will refuse vaccinationk 26 (7.9) 29.85+9.32

Previously vaccinated / medical 9(2.7) 25.33+7.71

contraindicationiiX

Influenza vaccination status during <0.01
pregnancy

Not vaccinatedH 295 (89.4) 20.92+7.52

Not pregnant during influenza season / 21 (6.4) 18.52 + 10.41

undecidedy

VaccinatedH 14 (4.2) 14.14 £ 6.89

Belief in protection of maternal <0.001
vaccination

Both protectll 104 (31.5) 16.23 + 5.65

Don't knowf{ 100 (30.3) 20.90 £ 6.35

One protectsll 74 (22.4) 20.57 £6.76

Neither protectsl 52 (15.8) 28.02 +9.56

Primary source of vaccine information (n <0.001
= 329)

Healthcare professionalsi 273 (82.7) 19.49 + 6.92

Scientific literature / booksH 37 (11.2) 26.30 £ 10.94

Other people / social medialill 19 (5.8) 23.53+7.76

VHS, Vaccine Hesitancy Scale. Percentages are column percentages of the total sample unless otherwise
indicated. p values were obtained from Pearson correlation (continuous variables) and from the
independent-samples t test, Welch’s t test, Welch’s ANOVA, or the Kruskal-Wallis test, as appropriate.
Within each variable, groups not sharing a superscript letter differed significantly in Games—Howell or
Dunn-Bonferroni post hoc comparisons (p < 0.05)
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Factor structure

In the calibration subsample (KMO = 0.909; Bartlett’s x2(36) = 1166.77, p < 0.001), EFA reproduced the
two-factor structure, explaining 66.51% of the variance; the scree plot (Online Resource 1, Figure S1) and
parallel analysis supported two factors. Rotated loadings were 0.652-0.957 for lack of confidence and
0.636 and 0.678 for risks (Table 2). All items discriminated between the lower and upper 27% groups (p <
0.001); floor effects were observed for the confidence items (Online Resource 1, Tables S1-S3).

Table 2 Psychometric properties of the Turkish adaptation of the Vaccine Hesitancy Scale for pregnant
women

Panel A. Item analysis and exploratory factor analysis (calibration subsample, n = 165)

Factor Item Mean * Corrected item-total Cronbach’s a if Rotated factor
SD correlation item deleted loading
Lack of VHS1 1.87+% 0.911 0.929 0.957
confidence 1.14
VHS2 191+¢ 0.886 0.931 0.935
1.15
VHS3 2.15+% 0.806 0.939 0.862
1.34
VHS4 215+ 0.823 0.937 0.837
1.29
VHS6 221+ 0.655 0.950 0.652
1.13
VHS7 194+ 0.846 0.934 0.846
1.18
VHS8 1.77 0.818 0.937 0.839
1.04
Risks VHS5 3.12+¢ 0.436 — 0.636
1.36
VHS9 3.35% 0.436 — 0.678
1.33

Panel B. Construct reliability and validity
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Construct No.of  Standardized CFA a (calibration CR (validation = AVE

items loading range subsample) subsample) (validation
(validation subsample)
subsample)
Lack of 7 0.788-0.943 0.945 0.947 0.719
confidence
Risks 2 0.521-0.5240 0.607K 0.429 0.273
Overall 9 - 0.885 — —
scale

EFA and a: calibration subsample (n = 165); CFA loadings, CR and AVE: validation subsample (n = 165). i
Loadings constrained to be equal. I Spearman—Brown coefficient. KMO = 0.909; Bartlett’s x2(36) =
1166.773, p < 0.001; variance explained = 66.51%. AVE, average variance extracted; CFA, confirmatory
factor analysis; CR, composite reliability; EFA, exploratory factor analysis; KMO, Kaiser—Meyer—0lkin

In the validation subsample, the unmodified two-factor model did not fit acceptably (CFI = 0.930; RMSEA =
0.134). With a residual covariance between items 1 and 2, fit was acceptable (x?(26) = 51.12; CFl = 0.978;
TLI = 0.969; RMSEA = 0.077; SRMR = 0.036; Table 3), and the Bollen—Stine bootstrap did not indicate
misfit (p = 0.100). Standardized loadings were 0.788-0.943 for lack of confidence and 0.52 for both risks
items (Fig. 1); the inter-factor correlation was low (r = 0.089, p = 0.468). WLSMV estimation supported the
same solution (CFl = 0.996; RMSEA = 0.073; SRMR = 0.048; r = 0.091), whereas a one-factor model fitted
poorly (RMSEA = 0.164) with risks loadings near zero (-0.01 and 0.12).

Table 3 Confirmatory factor analysis model fit indices for the Turkish adaptation of the Vaccine
Hesitancy Scale for pregnant women (n = 165)
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Fit index

X (df)
p
x2/df
CFI
TLI
GFI

SRMR
PCLOSE

Bollen—Stine
bootstrap p

RMSEA (90% Cl)

Recommended
criteria

<3

>0.95
>0.95
>0.90
<0.08

<0.08
>0.05
>0.05

ML, unmodified two-
factor model

106.11 (27)

<0.001

3.93

0.930

0.906

0.880
0.134(0.107-0.161)

0.043
<0.001

ML, final
model

51.12 (26)
0.002
1.97
0.978
0.969
0.932

0.077 (0.045-
0.108)

0.036
0.079
0.100

WLSMYV, final
model

48.84 (26)
0.004
1.88
0.996
0.995
N/A

0.073 (0.040-
0.104)

0.048
N/A
N/A

ML, maximum likelihood (AMOS 24); WLSMV, weighted least squares with mean- and variance-adjusted
statistics on polychoric correlations (lavaan). N/A, not available. The final model adds a residual
covariance between VHS1 and VHS2

Reliability and validity

Lack of confidence showed high internal consistency (a = 0.945; CR = 0.947; AVE = 0.719), whereas the
risks subscale had a Spearman-Brown coefficient of 0.607 but low CR (0.429) and AVE (0.273); total-
scale a was 0.885. The Fornell-Larcker criterion was met (square root of AVE 0.848 and 0.522 >r =

0.089).

As hypothesized, VHS scores were higher among tetanus vaccine refusers than acceptors (d = 1.28),
among women whose previous child was incompletely vaccinated (d = 1.44) and among women not
vaccinated against influenza (d = 0.94); all p < 0.01 (Table 1). For tetanus refusal, the total score
discriminated well (AUC = 0.821, 95% CI 0.730-0.911), as did the lack of confidence subscale (AUC =
0.813), whereas the risks subscale performed poorly (AUC = 0.639) (Fig. 2); the exploratory Youden cut-off
was 21 or above (sensitivity 0.846; specificity 0.665). Discrimination was similar for the other two criteria
(AUC 0.800-0.830; Online Resource 1, Table S4).

Health locus of control and vaccine hesitancy
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The VHS total score correlated negatively with powerful others (r = -0.334), internal (r = -0.261) and
chance (r = -0.122) locus of control; the risks subscale correlated only with chance, positively (r = 0.145)
(Online Resource 1, Table S6). In the hierarchical regression (n = 329; Durbin—-Watson = 2.18; maximum
VIF = 1.59), explained variance rose from 5.7% (demographics) to 22.9% (vaccination status), 26.0%
(information source) and 35.2% with the locus of control dimensions (AR? = 0.092, p < 0.001). In the final
model, powerful others (B = -0.25,95% Cl -0.37 to -0.14; B = -0.21) and internal control (B = -0.23, 95%
Cl -0.37 to -0.08; B = -0.15) were independently and negatively associated with hesitancy, whereas
chance was not. Tetanus vaccine refusal showed the largest association (B = 8.68; 8 = 0.30), followed by
influenza non-vaccination, reliance on scientific literature, high school and middle school education versus
university, being undecided about tetanus vaccination and gestational week (Table 4)

Table 4 Hierarchical multiple regression of variables associated with the Vaccine Hesitancy Scale (VHS)
total score (n = 329).
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Variable Model 1
B (SE)
Constant 18.24
(2.80)***
Age -0.01
(0.09)
Gestational 0.10
week (0.04)*

Education (Ref:
University or

above)

High school 2.36
(1.11)*

Middle school -0.01
(1.11)

Primary school -2.85

or less (1.56)

Tetanus

vaccination

status (Ref:
Vaccinated / will
be vaccinated)

Undecided

Refused

Other (previously
vaccinated /
medical
contraindication)

Influenza

vaccination
status (Ref:
Vaccinated)

Not vaccinated!

Information
source (Ref:
Healthcare
professionals)

Scientific
literature /
books

-0.01

0.12

0.14

0.00

-0.11

Model 2
B (SE)

9.99
(3.15)*

-0.01
(0.08)

0.12
(0.05)**

2.59
(1.03)*

0.34
(1.03)

-2.17
(1.44)

3.47
(1.33)**

10.50
(1.45)%%

4.91
(2.39)*

6.15
(1.93)**

-0.01

0.16

0.15

0.02

-0.08

0.15

0.36

0.10

0.16
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Model 3
B (SE)

8.52
(3.14)%*

0.00
(0.08)

0.12
(0.04)**

3.25
(1.04)**

1.41
(1.06)

-1.12
(1.44)

2.89
(1.32)*

8.46
(1.53)%*

4.46
(2.36)

6.29
(1.90)**

4.90
(1.37)%x*

0.00

0.16

0.19

0.08

-0.04

0.12

0.29

0.09

0.16

0.20

Model 4
B (SE)

21.25
(3.58) %

0.00
(0.07)

0.12
(0.04)**

3.02
(0.98)*

2.13
(1.02)*

0.20
(1.40)

2.99
(1.25)*

8.68
(1.45)%

3.89
(2.22)

5.68
(1.79)%*

3.95
(1.30)**

B

0.00

0.15

0.17

0.12

0.01

0.13

0.30

0.08

0.15

0.16



Variable Model 1 B Model 2 B Model3 B Model4 B

B (SE) B (SE) B (SE) B (SE)

Other people / 1.98 0.06 1.24 0.04

social media (1.69) (1.60)

Health locus of

control

Internal -0.23 -0.15
(0.07)**

Powerful others -0.25 -0.21
(0.06)***

Chance -0.04 -0.04
(0.06)

R2 0.057 0.229 0.260 0.352

Adjusted R? 0.042 0.207 0.235 0.323

AR? 0.057** 0.173*** 0.031** 0.092***

AF 3.87** 17.86%** 6.66** 14.87%**

B, unstandardized coefficient; B, standardized coefficient; SE, standard error. ! ‘Not vaccinated’ and ‘not
pregnant during the influenza season / undecided’ combined. *p < 0.05; **p < 0.01; ***p < 0.001

Discussion

This study provides supporting evidence for the construct validity and internal consistency of the Turkish
VHS adapted for pregnant women. The scale has been examined in parent and caregiver samples in
Canada [14], the United States [35] and China [36], in a measles-specific version in Sudan [37] and, in
Turkish, in parents of children aged 9-16 years [22]. Decisions about childhood vaccination begin to take
shape before birth [5, 6], yet no validated instrument was available for pregnant women; a study of
postpartum women likewise noted the need for an instrument capturing pregnancy-specific concerns [16].
To our knowledge, this is the first validated form measuring hesitancy during pregnancy toward the
routine childhood vaccines intended for the unborn child, so that hesitancy becomes measurable before
the first dose is due.

EFA, in a subsample independent of the confirmatory analysis, reproduced the original two-factor
structure [14]. In the CFA the unmodified model did not fit acceptably; the criteria were met once a residual
covariance was specified between items 1 and 2, which express the same confidence construct and are
adjacent in the scale. That this covariance has also been reported in the Turkish parent form [22] suggests
it is not specific to the present sample. The Bollen—Stine bootstrap and WLSMYV estimation yielded the
same two-factor solution, and the risks loadings fell to zero in the one-factor model, so these items are
not represented by a single confidence dimension.
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The two-item risks subscale is a structural feature of the scale: the nine-item structure was defined by
removing the tenth item, which loaded similarly on both factors [14]. Its weakness is not specific to this
sample, with internal consistency reported as 0.64 in the original study [14], 0.62 in Chinese caregivers
[36] and 0.47 in the Turkish parent form [22]; the small number of items and their being the only negatively
worded items have been proposed as reasons [14, 35]. Here the two-item factor could not be empirically
identified when unrelated to the other factor, so its loadings were constrained to be equal; the resulting
loadings (0.52), CR (0.43) and AVE (0.27) fell markedly below recommended thresholds [32]. The inter-
factor correlation (r = 0.09) was lower than in the original study (r = 0.44 [14]), which may reflect a concern
independent of confidence in pregnant women or the limited reliability of the subscale. The low correlation
poses no problem for discriminant validity, but the low CR and AVE indicate that this subscale should not
be used on its own. Because the scale was developed for cross-context comparison [10], the original
structure and total score were retained.

Known-groups validity was supported in all three prespecified comparisons, with acceptable
discrimination for the total score (AUC 0.800-0.830). The largest difference was observed for the
previous child’s vaccination status, probably because this criterion rests on actual vaccination behavior
rather than reported intention. Discrimination was close to that of the total score for the lack of
confidence subscale and low for the risks subscale, so this evidence derives largely from the confidence
dimension.

The health locus of control dimensions added 9.2% to the explained variance after demographics,
vaccination status and information source were controlled for, with powerful others and internal control
independently and negatively associated with hesitancy. Unlike diet or exercise, vaccination can only be
administered by health personnel, so the powerful others dimension, reflecting the belief that health is
determined by such persons [19], is theoretically expected to show the strongest association. In Israeli
parents this dimension was directly associated with completion of the childhood schedule, whereas
internal control and chance showed only indirect effects [38]; a scoping review reported trust in health
professionals to be the principal predictor of compliance [20], and similar associations have been reported
in Southern Italy [39], Italian parents [40], Czech students [41] and rural Namibia [42]. That 82.7% named
health professionals as the most influential source indicates a context of high professional trust;
counseling should therefore attend to trust in the health professional as well as to information content.

Findings on internal locus of control differ across studies: it is generally associated with lower hesitancy,
but parents with a high internal locus have also approached vaccination more critically [20], those who
regarded themselves as the principal determinant of their health were more skeptical [42], and groups
strongly supporting and rejecting vaccination did not differ on a general locus of control measure but were
distinguished by conspiracy beliefs and intolerance of uncertainty [43]. Chance made no significant
contribution in the multivariable model, yet the risks subscale was associated only with this dimension,
positively. Comparable associations have been reported for chance with lower childhood vaccination [20,
38], fate and divine will with higher hesitancy [39, 40], chance with lower COVID-19 vaccination intention
[44], and health fatalism in vaccine-resistant adults [45]. This pattern suggests that information alone may

not be sufficient.
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Hesitancy scores were on average 8.7 points higher in women who refused maternal tetanus vaccination
and 5.7 points higher in women not vaccinated against influenza, suggesting continuity between
vaccination behavior in pregnancy and attitudes toward the unborn child’s vaccines [5]. The relationship
with education was not linear: hesitancy was highest in high school and middle school graduates,
whereas women with primary education or less did not differ from university graduates, consistent with
earlier reports that more highly educated parents have shown greater safety concerns and that refusal of
all childhood vaccines has been more common among university graduates [17].

Strengths and limitations

Construct validity was tested in independent subsamples, the number of factors was supported by parallel
analysis, the confirmatory model was re-evaluated with a bootstrap procedure and an ordinal estimator,
and known-groups validity was tested against three criteria, one reflecting actual vaccination behavior.
Data were collected by consecutive sampling in a single university hospital and vaccination information
was self-reported, so generalizability is limited. Given the cross-sectional design, causality cannot be
attributed to the associations between locus of control and hesitancy, and the vaccination variables in the
regression overlap with the known-groups comparisons, so those coefficients are not independent
evidence. Only internal consistency was evaluated; test—retest reliability, concurrent validity and
measurement invariance were not examined, and the known-groups comparisons rested on small groups.
Whether hesitancy measured in pregnancy predicts the child’s vaccination status in the first year should
be examined prospectively.

Implications for pediatric immunization practice

Childhood vaccination is usually first raised at the maternity ward or later visits, whereas nine items
completed at a routine antenatal contact identified hesitancy at a level that distinguished women whose
previous child was incompletely vaccinated. Hesitancy identified before birth can be communicated to the
teams administering the first hepatitis B dose and the subsequent schedule, so that counseling begins
before the first vaccine is due rather than at the moment of refusal. Providing facts alone has been
reported to backfire in hesitant parents [46], whereas a framework positioning parents along a spectrum
from acceptance to refusal with distinct communication goals for each position [47], based on
motivational interviewing, proved feasible in the peripartum period, a single maternity-ward session
increasing infants’ vaccine coverage at seven months by approximately 7% [48]. Our findings suggest a
further axis: where hesitancy relates mainly to a lack of confidence, priority should go to continuity of the
relationship with the health professional; where risk perception is prominent, fatalistic beliefs should also
be addressed and vaccination framed as a concrete protective step the parent can take. Assessment
should rest on the total score and the lack of confidence subscale.

Conclusion
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The Turkish VHS adapted for pregnant women showed supporting psychometric evidence, particularly for
the total score and the lack of confidence subscale, with the original two-factor structure retained across
independent subsamples and estimation methods; the risks subscale should not be used on its own.
Control attributed to health professionals and to oneself remained associated with lower hesitancy after
demographic characteristics and vaccination behavior were controlled for, indicating that antenatal
counseling can be oriented to women's control beliefs before the first vaccine is due.
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Confirmatory factor analysis model of the Turkish Vaccine Hesitancy Scale adapted for pregnant women
(validation subsample, n = 165; maximum likelihood, standardized estimates).
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Figure 2

Receiver operating characteristic curves of the Vaccine Hesitancy Scale total score, lack of confidence
subscale and risks subscale for maternal tetanus vaccine refusal (n = 280)
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