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A B S T R A C T

Objectives: To construct, validate, and implement a new screening tool for lead exposure in Thai pregnant women.
Methods: A cross-sectional study that included three processes: screening tool development, validation, and
implementation. The participants were pregnant women who had received antenatal care at district health
promotion hospitals. There were 100 pregnant women in Nakhon Si Thammarat province during the validation
process, and 30 pregnant women in Phang Nga province during the implementation process. Blood lead levels
(BLLs) were analysed by atomic absorption spectrophotometry. The sensitivity and specificity of the screening
instrument, as well as the Area Under the Curve (AUC), demonstrate its validity.
Results: There were 80 BLL-related items found through the collection of primary and secondary data and
examined for validity and inter-rater reliability by five experts. Six items were excluded because the values were
less than the criteria set. Seventy-four items remained with the Item Content Validity Index (I-CVI) ¼ 0.80–1.00,
the Content Validity Index Average (S-CVI/Ave) ¼ 0.91, and Kappa scores ¼ 0.76–1.00. After using 74 items
collected on pregnant women, only 31 items were included in the validation process. Following that, the pooled
eight items with cut-off point scores of 1 had the highest validity, which included systolic blood pressure, diastolic
blood pressure, urine sugar, haemoglobin level, occupation, drinking coffee, using chemical products, and edu-
cation level (ThaiL8Is). The ThaiL8Is in the validation process yielded sensitivity ¼ 80.9%, specificity ¼ 69.8%,
and an AUC (95%CI) ¼ 0.78 (0.69–0.87). The implementation process has confirmed the validity of the screening
tool; sensitivity ¼ 78.9%, specificity ¼ 81.8%, and the AUC (95%CI) ¼ 0.80 (0.63–0.97).
Conclusions: The ThaiL8Is a valid screening tool for Thai pregnant women. ThaiL8Is' sensitivity in detecting the
risk groups for lead exposure can be enhanced by a combination of biochemical markers used in routine prenatal
screening. It can be used to screen pregnant women for early indicators of lead exposure prior to a blood lead test.
1. Introduction

Lead (Pb) is a toxin that can be transferred from a pregnant woman's
placenta to a foetus or from the mother's breast milk to a baby [1] Its
teratogenic effects have also been demonstrated in several rodent and
human studies [2, 3]. Pregnant women who are exposed to lead, even at
low levels, are at risk of developing gestational hypertension, anaemia,
and spontaneous abortion [4, 5]. Infants with lead exposure from
mothers during the first trimester had significantly more pronounced
adverse neurological development effects than those in other trimesters
thiang).
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[6]. Historically, the main source of lead was known to be from gasoline,
but more recent studies have pointed to a considerably broader range of
sources, including contaminated food and beverages, fishery occupa-
tions, and cosmetics products such as lipstick, mascara, and hair dye [7,
8, 9, 10]. As it currently stands, no safe threshold for blood lead levels
(BLLs) has been identified [11].

High BLLs in pregnant women are a concern in many countries.
Pregnant women in Asia, such as in China and India, have average BLLs
of 2.40–9.20 μg/dL [12, 13]. In Thailand, there is currently limited data
available on BLLs in pregnant women. However, one study in 1993
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Table 1. The definition and formula of I-CVI, S-CVI/Ave and K.

Index Definition Formula

I-CVI The proportion of content experts
giving item a relevance rating of 4.

I-CVI ¼ (agreed item)/(number of
expert)

S-CVI/Ave The average of the I-CVI scores for
all items on the scale or the
average of proportion relevance
judged by all experts. The
proportion relevant is the average
of relevance rating by individual
expert.

S-CVI/Ave ¼ (sum of I-CVI
scores)/(number of item)

K The Kappa statistic, a consensus
index of interrater agreement that
adjusts for chance agreement.

(I-CVI-pc)/(1-pc); pc ¼ [N!/A!
(NA)!]*.5N where N ¼ number of
experts and A ¼ Number agreeing
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reported that the average BLL in pregnant women in Bangkok was 6.20�
2.00 μg/dL and there was a direct relationship between maternal BLLs
and umbilical cord BLLs [14]. Furthermore, recent studies in 2019 in
Nakhon Si Thammarat province and in 2020 in Phuket and Phang Nga
revealed that children are exposed to lead, with BLLs ranging between
0.03 and 26.40 μg/dL [15, 16]. This is especially significant because lead
in the mother's blood can enter the foetus through the placenta. There-
fore, screening pregnant women for lead exposure will help identify
those at risk and encourage protective behaviors to lessen the risk of the
mother and foetus being exposed to lead. In addition, those that are
identified as being at risk of having high BLLs can undergo a blood test
and, if applicable, be referred for treatment.

Screening is an approach to monitor and prevent risk from lead
exposure [17]. Blood lead screening is considered the gold standard
method for detecting lead in the body. However, due to the high cost and
limited availability of equipment, it is not possible to screen all pregnant
women and have their blood tested for lead. Another method is
questionnaire-based screening, a tool which is recommended for the first
stage of screening for lead exposure [18]. It is a fast, simple, non-invasive
and inexpensive method. Although screening tools for lead exposure in
pregnant women have been developed in several countries, including the
United States of America (USA) and France [18, 19], distinct lead risk
factors must be evaluated for each group as the screening tools will
Figure 1. The study areas of validation and
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produce different results in various populations [20]. Moreover, the
technique of selecting the items affects the performance of the test.
Therefore, we aimed to construct, validate, and implement a new lead
exposure screening method for Thai pregnant women in order to enable
early detection of lead exposure in pregnant women and children.

2. Materials and methods

This study aimed at the construction (1), validation (2) and imple-
mentation (3) of a lead exposure screening tool. This study was approved
by the Human Research Ethics Committee (approval ID 20-275-02,
approval date 8 September 2021).

2.1. Construction of the lead exposure screening tool

By gathering both primary and secondary data, we were able to
determine the variables that were related to BLLs during pregnancy. For
primary data, we conducted a review of the literature using national and
international electronic databases including ThaiJo (Thai Journal on-
line), PubMed, and ScienceDirect by using the keywords “pregnancy
blood lead levels”, “maternal blood lead levels", and “prenatal lead
exposure” during the years 1990–2020, as well as the Thai government
reports on lead exposure [21]. For secondary data, we interviewed five
experts in Thailand with expertise in lead research. The experts were
asked open-ended questions about the BLL factors and sources of lead
that contributed to their experience. Then, we compiled a list of the
factors. The factors identified were examined for validity and interrater
reliability with the Item Content Validity Index (I-CVI), the Scale Content
Validity Index Average (S– CVI/Ave), and the Kappa statistic (K) by five
more experts in Thailand with expertise in lead research. Items with an
I-CVI of less than 0.78 and a K of less than 0.6 were excluded [22]. The
definition and formula of I-CVI, S-CVI/Ave and K are explained in Table 1
[22,23].

2.2. Validation of the lead exposure screening tool

This process was conducted among 100 pregnant women who
received antenatal care at district health promotion hospitals in Mueang
implementation of the screening tool.



Table 2. Characteristics and BLLs of pregnant women enrolled for the validation and implementation of the lead exposure screening tool, Thailand, 2022.

Characteristics % Validation area (n ¼ 100) % Implementation area (n ¼ 30) p

BLLs (μg/dL) BLLs (μg/dL)

Mean � SD 95%CI Mean � SD 95%CI

Age (yr)

�19 11 5.64 � 2.01 4.28–6.99 7 4.50 � 2.12 - 0.474

20-30 60 4.68 � 1.51 4.29–5.07 53 6.12 � 2.33 4.88–7.37

�31 29 4.86 � 1.62 4.25–5.48 40 5.75 � 1.91 4.53–6.96

Educationa

Primary 18 5.00 � 1.45 4.28–5.72 10 5.67 � 2.89 -1.50–12.83 0.487

Lower-secondary 43 5.05 � 1.73 4.51–5.58 47 6.50 � 1.99 5.35–7.64

Upper-secondary 20 5.00 � 1.30 4.39–5.61 30 6.00 � 2.06 4.41–7.58

Higher education 19 4.05 � 1.65 3.26–4.85 13 3.50 � 0.58 2.58–4.41

Occupation

Unemployed 59 4.85 � 1.67 4.41–5.28 57 5.53 � 2.37 4.31–7.75 0.820

Employed 41 4.83 � 1.54 4.34–5.32 43 6.31 � 1.75 5.25–7.36

Household income per month

<396.15 USD 62 4.84 � 1.49 4.46–5.22 73 5.59 � 2.26 4.59–6.59 0.255

�396.15 USD 38 4.84 � 1.81 4.25–5.44 27 6.62 � 1.60 5.29–7.96

Trimester

First trimester 33 4.82 � 1.49 4.29–5.35 17 7.00 � 1.87 4.68–9.32 0.206

Second trimester 38 5.21 � 1.90 4.58–5.84 43 6.61 � 1.94 5.44–7.79

Third trimester 29 4.29 � 1.12 3.85–4.72 40 4.58 � 1.88 3.39–5.78

Underlying disease

No 90 4.86 � 1.58 4.52–5.19 90 5.74 � 2.16 4.89–6.59 1.000b

Yes 10 4.70 � 1.94 3.31–6.09 10 7.00 � 1.73 2.70–11.30

Parity

Primiparous 44 4.93 � 1.48 4.48–5.38 30 5.22 � 1.72 3.90–6.54 0.171

Multiparous 56 4.77 � 1.72 4.31–5.23 70 6.14 � 2.26 5.11–7.17

Pre-pregnancy BMI (kgm�2)

<18.5 9 3.67 � 1.00 2.90–4.44 17 6.00 � 2.55 2.83–9.16 0.808

18.5–22.9 33 5.15 � 1.60 4.58–5.72 27 5.62 � 2.13 3.84–7.40

23.0–29.9 46 4.74 � 1.66 4.24–5.23 40 5.58 � 2.02 4.30–6.87

�30.0 12 5.25 � 1.48 4.31–6.19 17 3.80 � 2.39 3.83–9.76

Systolic blood pressure

<120 mmHg 69 4.45 � 1.38 4.12–4.78 73 5.54 � 2.18 4.58–6.51 0.695

120–129 mmHg 20 5.55 � 1.93 4.65–6.45 13 5.50 � 1.73 2.74–8.26

�130 mmHg 11 6.00 � 1.48 5.00–7.00 13 8.00 � 0.82 6.70–9.30

Diastolic blood pressure

<80 mmHg 85 4.71 � 1.61 4.36–5.05 93 5.68 � 2.07 4.87–6.48 0.382

80–89 mmHg 12 5.33 � 1.37 4.46–6.20 3 - -

�90 mmHg 3 6.67 � 1.53 2.87–10.46 3 - -

Haemoglobin level

<11 g/dL 13 5.54 � 1.94 4.37–6.71 7 5.50 � 0.71 - 0.518b

�11 g/dL 87 4.74 � 1.54 4.41–5.06 93 5.89 � 2.20 5.04–6.75

Urine sugar level

Normal 93 4.78 � 1.52 4.47–5.10 97 5.86 � 2.16 5.04–5.59 0.681b

Abnormal 7 5.57 � 2.57 3.19–7.95 3 - -

BLLs

<5 μg/dL 53 3.58 � 0.57 3.43–3.74 37 3.54 � 0.52 3.19–3.90 0.146

�5 μg/dL 47 6.26 � 1.17 5.91–6.60 63 7.21 � 1.40 6.54–7.88

Mean BLLs (μg/dL) 100 4.84 � 1.61 4.52–5.16 100 5.87 � 2.13 5.07–6.66 0.019c*

a Education: primary ¼ ages 7–12, lower-secondary ¼ ages 13–15, upper-secondary ¼ ages 16–18, higher education > age 18.
b Fisher's exact test.
c Independent t-test, *p < 0.05.
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district, Nakhon Si Thammarat province (Figure 1). Participants had to
have lived in those areas for at least one year and be aged 18 or over. The
sample size in this process was calculated for estimating sensitivity (Se)
and specificity (Sp) [24]. There are no criteria for the optimum Se and Sp.
However, if the sum of Se and Sp is equal to or more than 1.5, the test is
3

regarded appropriate [25]. In a previous meta-analysis study screening
lead exposure, the pooled results of Se and Sp were 48.0% (95%CI
31.40–65.60) and 58.0% (95%CI 39.90–74.00) respectively [11].
Therefore, we set the Se and Sp higher than these results, at 90%, to
improve the performance of the screening tool. Pregnant women were



Table 3. Acceptable I-CVI, S-CVI/Ave and K indexes by five experts for a blood lead level screening test.

Item Factor
P

Agree I-CVI K

1. Personal factors

I1-1 Age 5 1.00 1.00

I1-2 Education 5 1.00 1.00

I1-3 Household income 5 1.00 1.00

2. Health factors

I2-1 Gestational age 5 1.00 1.00

I2-2 Pre-pregnancy BMI 5 1.00 1.00

I2-3 Parity 5 1.00 1.00

I2-4 Underlying disease 5 1.00 1.00

I2-5 Systolic blood pressure 4 0.80 0.76

I2-6 Diastolic blood pressure 4 0.80 0.76

I2-7 Urine protein 4 0.80 0.76

I2-8 Urine sugar 4 0.80 0.76

I2-9 Haemoglobin level 4 0.80 0.76

3. Occupational factors
Have you or any family members worked in these occupations?

I3-1 Fishing net sinker worker 4 0.80 0.76

I3-2 Boat repair worker 4 0.80 0.76

I3-3 Any industry related to lead 4 0.80 0.76

I3-4 Mining worker 4 0.80 0.76

I3-5 Farmer (chemical use) 4 0.80 0.76

I3-6 Automotive worker 4 0.80 0.76

I3-7 Antique dealer 4 0.80 0.76

I3-8 Vinyl shop owner 4 0.80 0.76

I3-9 Street sweeper 4 0.80 0.76

I3-10 Jewellery maker 4 0.80 0.76

I3-11 Fishing rod maker 4 0.80 0.76

I3-12 Salon worker 4 0.80 0.76

4. Living area factors
Are you living close to or within these places?

I4-1 Fishing net sinker workplace 5 1.00 1.00

I4-2 Boat repair site 5 1.00 1.00

I4-3 Workplaces related to lead or mining such as the battery industry 5 1.00 1.00

I4-4 Farm (using chemicals) 5 1.00 1.00

I4-5 Car or motorcycle shop 5 1.00 1.00

I4-6 Antiques shop 5 1.00 1.00

I4-7 Vinyl shop 5 1.00 1.00

I4-8 Landfill 5 1.00 1.00

I4-9 Garbage burning site 5 1.00 1.00

I4-10 Sorting shop 5 1.00 1.00

I4-11 Main road 5 1.00 1.00

I4-12 Living in a house painted within 1 year 5 1.00 1.00

I4-13 Living in a painted house 5 1.00 1.00

I4-14 Living in a house with oil paint 5 1.00 1.00

I4-15 Living in a house with peeling paint 5 1.00 1.00

I4-16 Living with a pet 4 0.80 0.76

I4-17 Living with a smoker 5 1.00 1.00

5. Consumption factors
In the past month have you consumed or used the following?

I5-1 Rain water 4 0.80 0.76

I5-2 Well water 4 0.80 0.76

I5-3 Tap water 4 0.80 0.76

I5-4 Seafood 4 0.80 0.76

I5-5 Canned food 4 0.80 0.76

I5-6 Smoking 5 1.00 1.00

I5-7 Drinking liquor 4 0.80 0.76

I5-8 Drinking wine 4 0.80 0.76

I5-9 Drinking beer 4 0.80 0.76

I5-10 Drinking coffee 4 0.80 0.76

(continued on next page)
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Table 3 (continued )

Item Factor
P

Agree I-CVI K

I5-11 Drinking milk 4 0.80 0.76

I5-12 Iron supplements 5 1.00 1.00

I5-13 Calcium supplements 5 1.00 1.00

I5-14 Zinc supplements 4 0.80 0.76

I5-15 Vitamin C supplements 5 1.00 1.00

I5-16 Vitamin D supplements 5 1.00 1.00

I5-17 Herbs (not approved by the FDA Thailand) 5 1.00 1.00

I5-18 Fungicide 5 1.00 1.00

I5-19 Pesticide 5 1.00 1.00

I5-20 Insecticide 5 1.00 1.00

I5-21 Eyeliner 5 1.00 1.00

I5-22 Brush-on 5 1.00 1.00

I5-23 Nail polish 5 1.00 1.00

I5-24 Lipstick 5 1.00 1.00

I5-25 Concealer 5 1.00 1.00

I5-26 Hair dye 5 1.00 1.00

6. Other factors

I6-1 Do you know what lead is? 5 1.00 1.00

I6-2 Have you ever had knowledge of lead hazards? 4 0.80 0.76

I6-3 Do you know how to protect yourself from lead? 4 0.80 0.76

I6-4 Do you wash hands before eating or drinking? 5 1.00 1.00

I6-5 Have you ever lived in a lead contaminated area? 4 0.80 0.76

I6-6 Have you ever been diagnosed as having a high blood lead level? 4 0.80 0.76

I6-7 Do you live with someone who has BLL >10 μg/dL? 4 0.80 0.76

S– CVI/Ave 0.91
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interviewed using the screening tool constructed in the previous process
(2.1) and had biological samples collected, including urine and blood. In
terms of biological indicators, blood pressure, urine protein, urine sugar,
and haemoglobin levels were evaluated by health professionals as
routine lab check-ups for pregnancy. Next, we selected items for the
screening tool that have a Diagnostic Odds Ratio (DOR) of �2 to
distinguish between pregnant women with and without high BLLs (�5
μg/dL) [26]. Receiver Operating Characteristic (ROC) curves were used
to evaluate the performance of the items and AUCwas used to summarize
overall screening tool accuracy [27, 28].

Sample size calculation formulae.
� Specifications.

nse ¼ the sample size required for sensitivity
nsp ¼ the sample size required for specificity
Se ¼ Expected sensitivity
Sp ¼ Expected specificity
Z2
1�α

2
¼ Z-score for type I error

w ¼ the maximum clinically acceptable width of the 95% CI
P ¼ an estimate for the prevalence of BLLs in Thai's pregnant women

nse ¼
Z2
1�α

2
� Se� ð1� SeÞ
w2 � P

(1)

nsp ¼
Z2
1�α

2
� Sp� ð1� SpÞ
w2 � ð1� PÞ (2)
nse ¼1:962 � 0:90� ð1� 0:90Þ
0:102 � 0:40

nse ¼87

nsp ¼ 1:962 � 0:90� ð1� 0:90Þ
0:102 � ð1� 0:40Þ

nsp ¼ 58
5

Since nse > nsp, the sample size in this study was 87 subjects. The
sample size was increased by 20%, in case some subjects had incomplete
data, to 105 subjects. Five subjects had incomplete data, which gave a
final number of 100 subjects.
2.3. Implementation of the lead exposure screening tool

The screening tool was implemented on a population of 30 preg-
nant women who received antenatal care at district health promotion
hospitals in Kuraburi district, Phang Nga province. This area shares
similar characteristics and sources of lead exposure [15, 16] with the
validation area (Figure 1). We interviewed pregnant women using the
validated screening tool from the previous process (2.2) and also
collected biological indicators and blood samples for blood lead
analysis (as in process 2.2) to analyse the performance of the screening
tool.

2.4. Measurement of blood lead

The pregnant women's blood samples were collected by nurses at
each district health promotion hospital. An anticoagulant, ethylene
diamine tetra-acetic acid, was used to collect approximately 3 ml of
venous blood from each pregnant woman. Blood samples were stored at
-20 �C in a sealed tube to avoid contamination during storage and
transport. Blood samples were sent to the Bangkok RIA Laboratory in
Thailand for a graphite furnace atomic absorption spectrophotometry
assay for BLLs. The detection limit was 1.0 μg/dL.

2.5. Assessment of pregnant women's biological indicators

Pregnant women's biological indicators, including blood pressure,
urine protein and sugar levels, and haemoglobin levels, were assessed
as part of a routine lab check-up for pregnant women by a health
professional at district health promotion hospitals. Blood pressure was
measured by a sphygmomanometer. In this study, abnormal systolic
blood pressure was defined as � 130 mmHg and abnormal diastolic



Table 4. Validity of the items for screening lead exposure in pregnant women, Thailand, 2022.

Item Positive screen Se (%) Sp (%) LRþ LR- DOR

I1-1 1 ¼ � 30 year 36.20 71.70 1.28 0.89 1.44

I1-2 1 ¼ Primary to
upper-secondary level

89.40 26.40 1.21 0.40 3.03

I1-3 1 ¼ < 396.15 USD 36.20 58.50 0.87 1.09 0.80

I2-1 1 ¼ 1&3 trimester 57.40 34.00 0.87 1.25 0.69

I2-2 1 ¼ �30 14.90 90.60 1.59 0.94 1.69

I2-3 1 ¼ Primiparous 44.70 56.60 1.03 0.98 1.05

I2-4 1 ¼ No 91.50 11.30 1.03 0.75 1.37

I2-5 1 ¼ � 130 mmHg 19.10 96.20 5.03 0.84 5.98

I2-6 1 ¼ � 80 mmHg 31.90 84.90 2.11 0.80 2.63

I2-7 1 ¼ Abnormal 14.90 86.80 1.13 0.98 1.15

I2-8 1 ¼ Abnormal 10.60 96.20 2.79 0.93 3.00

I2-9 1 ¼ Abnormal 19.10 92.50 2.55 0.87 2.91

I3-1-12a 1 ¼ Yes 17.00 92.50 2.27 0.90 2.53

I4-1-11b 1 ¼ Yes 53.20 37.70 0.85 1.24 0.69

I4-12-15c 1 ¼ Yes 12.80 84.90 0.85 1.03 0.83

I4-16 1 ¼ Yes 48.90 58.50 1.18 0.87 1.35

I4-17 1 ¼ Yes 68.10 20.80 0.86 1.53 0.56

I5-1 1 ¼ Yes 6.40 96.20 1.68 0.97 1.73

I5-2 1 ¼ Yes 8.50 92.50 1.13 0.99 1.15

I5-3 1 ¼ Yes 6.40 84.90 0.42 1.10 0.38

I5-4 1 ¼ Yes 83.00 20.80 1.05 0.82 1.28

I5-5 1 ¼ Yes 19.10 69.80 0.63 1.16 0.55

I5-10 1 ¼ Yes 8.50 98.10 4.47 0.93 4.80

I5-13 1 ¼ Yes 21.30 84.90 1.41 0.93 1.52

I5-14 1 ¼ Yes 80.90 17.00 0.97 1.12 0.87

I5-15 1 ¼ Yes 85.10 9.40 0.94 1.59 0.59

I5-16 1 ¼ Yes 89.40 5.70 0.95 1.86 0.51

I5-18-20d 1 ¼ Yes 17.00 92.50 2.27 0.90 2.53

I5-21-26e 1 ¼ Yes 46.80 43.40 0.83 1.23 0.67

I6-1-3f 1 ¼ No 80.90 15.10 0.95 1.26 0.75

I6-4 1 ¼ No 19.10 73.60 0.72 1.10 0.66

Bold font in the DOR column indicates items included in the screening tool.
a Pooled occupation item (I3-1 to I3-12).
b Pooled living near lead source item (I4-1 to I4-11).
c Pooled living in a house lead contamination item (I4-12 to I4-15).
d Pooled using chemical product item (I5-18 to I5-20).
e Pooled using cosmetic product item (I5-21 to I5-26).
f Pooled knowledge of lead item (I6-1 to I6-3).
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blood pressure was defined as � 80 mmHg. Urine protein and sugar
levels were measured using the urine dipstick and the results were
read by the reflectance photometer technique [29], with abnormal
urine protein levels defined as � 15 mg/dL and abnormal urine sugar
levels defined as � 50 mg/dL. Haemoglobin was measured using the
sodium lauryl sulphate (SLS) method [30], with abnormal levels
defined as < 11 g/dL.
2.6. Data analysis method

Data were analysed with SPSS software version 28 (SPSS Inc., Chi-
cago, IL, USA). Percentage, mean, and standard deviation were used to
describe the variables. Chi-squared test and Fisher's exact test were used
to compare the characteristic differences. An independent t-test was used
to compare the mean difference in BLLs in pregnant women between the
validation and implementation screening tool areas. We used BLLs as a
categorial variable (<5 and �5 μg/dL) to classify lead exposure in
pregnant women. Logistic regression analysis was used to predict the
association between BLLs and screening items. The Se and Sp, positive
likelihood ratio (LRþ), negative likelihood ratio (LR-), DOR, ROC, and
AUC indicate the validity of the screening tool.
6

3. Results

3.1. Characteristics and BLLs of pregnant women compared between the
validation and implementation of the screening tool areas

Pregnant women in both the validation and implementation areas of
the screening tool have similar characteristics; most of them fall in the age
range of 20–30 years, have a lower secondary education level, are unem-
ployed, and have a household income of less than 396.15 USD (minimum
wage) per month. In terms of health status, most of them were in their
second trimester, don't have underlying disease, are multiparous, and have
normal levels of pre-pregnancy BMI [31], systolic blood pressure, diastolic
blood pressure, hemoglobin levels and urine sugar. However, despite
having similar characteristics, the BLLs of pregnant women in the imple-
mentation area (5.87� 2.13 μg/dL) were significantly higher than those in
the validation area (4.84 � 1.61 μg/dL) (p ¼ 0.019) (Table 2).
3.2. Construction of the lead exposure screening tool

In these processes, we identified 80 items consisting of six categories
related to BLLs; (1) personal factors (three items); (2) health factors (nine



Table 5. Crude Odds Ratio (cOR) and Adjusted Odds Ratio (aOR) for association between eight items and high BLLs �5 μg/dL (n ¼ 100), Thailand, 2022.

Screening items cOR 95%CI p aORa 95%CI p

Systolic blood pressure

<130 mmHg Ref Ref

�130 mmHg 6.04 1.23–29.58 0.027** 8.60 1.13–65.35 0.038**

Diastolic blood pressure

<80 mmHg Ref Ref

�80 mmHg 2.64 1.00–6.96 0.050* 5.72 1.49–21.87 0.011**

Urine sugar

Normal Ref Ref

Abnormal 3.04 0.56–16.45 0.198 10.37 0.83–129.03 0.069*

Haemoglobin level

�11 g/dL Ref Ref

<11 g/dL 2.90 0.83–10.14 0.095* 5.47 1.09–27.30 0.038**

Occupations related to lead exposure

No Ref Ref

Yes 2.51 0.70–8.96 0.156 3.10 0.57–16.87 0.190

Occupations related to lead exposure >5 years (n ¼ 30)

No Ref - - -

Yes 4.00 0.85–18.84 0.080* - - -

Drinking coffee (in the past month)

No Ref Ref

Yes 4.84 0.52–44.91 0.166 8.01 0.66–97.70 0.103

Using chemical products (in the past month)

No Ref Ref

Yes 2.51 0.70–8.96 0.156 8.09 1.59–41.15 0.012**

Education

Primary to upper-secondary level Ref Ref

Higher education level 0.33 0.11–1.00 0.051* 0.11 0.02–0.61 0.012**

*p < 0.1, **p < 0.05.
a In addition to the variables shown, the model contained age, trimester, parity, and underlying disease.
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items); (3) occupational factors (12 items); (4) living area factors (18
items); (5) consumption factors (31 items); and (6) other factors (seven
items). After experts validated the items, six were excluded because the I-
CVI conformance criteria was less than 0.78, namely; living in a reno-
vated house with lacquer, soil consumption, stone consumption, mud
consumption, ceramic consumption, and drinking milk during adoles-
cence. Thus, there were still 74 items. Forty items had a I-CVI index equal
to 1, 34 items had an index equal to 0.80, the S-CVI/Ave was equal to
0.91 and the K more than 0.6 in every item (Table 3).

3.3. Validation and implementation of the lead exposure screening tool

In the validation process, eight items were excluded because no
pregnant women answered “yes”, or only one person answered “yes”,
including; I5-6 smoking, I5-7 drinking liquor, I5-8 drinking wine, I5-9
drinking beer, I5-17 herbs (not approved by the FDA Thailand), I6-5
have you ever lived in a lead contamination area? I6-6 have you ever
been diagnosed as having a high blood lead level? And I6-7 do you live
with someone who has BLL >10 μg/dL? There were two items excluded
because everyone answered “yes” in these items, including; I5-12
consuming iron and I5-11 drinking milk. In addition, we pooled items
that are the same type together (described below in Table 4). Finally, we
Table 6. The cut-off point score of sums eight items.

Cut-off
point score

Se (%) Sp (%) LRþ LR- DOR

�1 80.90 69.80 2.68 0.27 9.93

�2 23.40 96.20 6.20 0.80 7.75

�3 8.50 100.00 Infinity 0.91 Infinity
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reached a total of 31 items. From 31 items, we included eight items in the
screening tool, selected by estimate values of DOR �2, which were; I1-2
education, I2-5 systolic blood pressure, I2-6 diastolic blood pressure, I2-8
urine sugar, I2-9 haemoglobin level, I3-1-12 occupation, I5-10 drinking
coffee and I5-18-20 using chemical products (Table 4). We also calcu-
lated the crude odds ratio (cOR) and adjusted odds ratio (aOR) of those
eight items. After adjustments, six items were associated with high BLLs
including; systolic blood pressure, diastolic blood pressure, urine sugar,
haemoglobin level, using chemical products and education level
(Table 5). According to the included eight items we set the cut-off point
score as 1, as this yielded the best Se (80.9%) and Sp (69.8%) (Table 6).
For the ROC and AUC analysis, we found using eight items gave us the
highest performance AUC (95%CI) ¼ 0.78 (0.69–0.87) (Figure 2).
Therefore, we used these eight items in the screening tool (ThaiL8Is)
implemented in Kuraburi district, Phang Nga province. The performance
of the ThaiL8Is gave Se ¼ 78.9% and Sp ¼ 81.8%, and the AUC (95%CI)
¼ 0.80 (0.63–0.97) (Tables 7 and 8 and Figure 3).

4. Discussion

Pb exposure among pregnant women is still a public health problem,
leading to complications including preeclampsia and abnormal neuro-
development of their children [32, 33]. The policies on the prevention of
lead poisoning in Thailand focus on the population who work or live in
lead-contaminated areas, and there are no guidelines for lead exposure for
pregnant women [21]. In this cross-sectional study, we validated the
ThaiL8Is screening tool in the province of Nakhon Si Thammarat and then
used it in the province of Phang Nga. Both provinces are in southern
Thailand, and subjects have similar education, occupation, income, and
health status.We included all pregnant women, regardless of whether their
occupation is associated with a high risk of lead exposure. Thus, we



Figure 2. Comparison of ROC curve and AUC between single item and 8 items (8Is), Thailand, 2022 (A) comparison between 8Is, I1-2 and I2-5 (B) comparison
between 8Is, I2-6 and I2-8 (C) comparison between 8Is, I2-9 and I3-1-12 (D) comparison between 8Is, I5-10 and I5-18-20.
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obtained a sample of pregnant women with high and low BLLs, which is
suitable for the construction of a screening tool [34]. The mean BLLs in
pregnant women in the validation area was 4.84 � 1.61 μg/dL and in the
implementation area, 5.87� 2.13 μg/dL. Both areas have BLLs higher than
pregnant women in Japan (the median was 0.63 μg/dL, with a range of
0.16–7.50 μg/dL) [35] and the United States (the median was 0.20 μg/dL,
with a range of 0.00–6.40 μg/dL) [19]. This demonstrates the need for
urgent action to protect pregnant women from lead exposure. The ThaiL8Is
showed strong results in both the validation area (Se ¼ 80.9%, Sp ¼
69.8%, AUC (95%CI) ¼ 0.78 (0.69–0.87)) and implementation area (Se ¼
78.9%, Sp ¼ 81.8%, AUC (95%CI) ¼ 0.80 (0.63–0.97)). The result was
8

comparable with previous studies [11, 18], or at least for the character-
istics of Thai women in the locations studied. This is potentially due to the
screening items being appropriate for the characteristics of pregnant
women living in Thailand. Furthermore, ThaiL8Is include biological in-
dicators, which are routine lab tests for pregnant women, whereas previous
studies considered only risk factors [18, 19], such as one study in France,
which recommended three items: the use of traditional cosmetics,
degraded old housing, and eating bread more than twice a day [18]. In
addition, the technique of selecting the items affects the performance of
the test [36]. Our study used the DOR as a criterion to select items because
the DOR is a global measure of diagnostic accuracy that indicates better



Table 7. Eight items for lead exposure screening in pregnant women (ThaiL8Is).

Items Answer

Yes No

1. Do you have a systolic blood pressure of �130 mmHg? 1 � 0 �
2. Do you have a diastolic blood pressure of �80 mmHg? 1 � 0 �
3. Do you have abnormal urine sugar results? 1 � 0 �
4. Do you have a haemoglobin level <of 11 g/dL? 1 � 0 �
5. Have you or family members worked in these occupations for more than five years?
Fishing net sinker worker, boat repair worker, any industry related to lead, mining worker, farmer (chemical use),
automotive worker, antique dealer, vinyl shop staff, street sweeper, jewellery maker, fishing rod maker, and salon worker

1 � 0 �

6. In the past one month have you consumed coffee regularly? 1 � 0 �
7. In the past one month have you been exposed to chemical products such as fungicide, pesticide or insecticide? 1 � 0 �
8. Did you graduate in higher education? -1 � 0 �
Total scores

Interpretation:
If the total score �1, pregnancy women may have a blood lead levels �5 μg/dL.

Table 8. Cross-classification of pregnant women in implementation area by using
ThaiL8Is and blood lead test.

Blood lead test

�5 μg/dL <5 μg/dL total

ThaiL8Is

Score �1 15 2 17

Score <1 4 9 13

Total 19 11 30

Se ¼ 78.9% Sp ¼ 81.8%
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discriminatory test performance and combines the strengths of Se and Sp
as prevalence independent indicators [26]. ThaiL8Is consist of eight items:
(1) systolic blood pressure (SBP), (2) diastolic blood pressure (DBP), (3)
Figure 3. The results of the implementation of the screening
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urine sugar, and (4) haemoglobin level, which are biological indicators
related to lead exposure. These biological indicators were recorded in
maternal and children's health notebooks by a nurse, which is standard
procedure, simplifying the process of screening. Numerous studies have
shown that lead causes abnormalities in these biological indicators. A
study by Vaziri (2008) described the multiple mechanisms of lead pro-
moting hypertension through oxidative stress, impaired nitric oxide (NO)
system, inflammation, dysregulation of vasoactive hormones, and alter-
ation of cellular Ca2þ transport and intracellular Ca2þ distribution [37].
This was consistent with our findings: pregnant womenwith systolic blood
pressure �130 mmHg and diastolic blood pressure �80 mmHg had high
BLLs (�5 μg/dL) 8.6 times and 5.7 times more than those with lower
systolic and diastolic blood pressure, respectively. Urine sugar is also a
biological indicator which can be used for screening for gestational dia-
betes mellitus, as lead inhibits insulin signaling by reactive oxygen species
tool (ThaiL8Is), the AUC (95%CI) ¼ 0.80 (0.63–0.97).
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(ROS), promoting the development of insulin resistance and diabetes [38].
This result is consistent with a study by Soomro et al. (2019) who found
that lead exposure may cause gestational diabetes mellitus, which disrupts
glucose absorption and alters glucose regulation [39]. Furthermore, hae-
moglobin levels in pregnancy under 11 g/dL are considered anaemia,
caused by lead being taken up by the iron absorption machinery (DTM1),
which blocks iron through competitive inhibition and interferes with heme
biosynthesis, therefore decreasing red blood cell survival [5, 40, 41]. The
next items, (5) to (7), are considered to be risk factors, namely: occupation,
drinking coffee, and using chemical products. The occupations (5) related
to lead exposure in this study area includes fishing net sinkers, boat repair
workers, farmers (chemical use), automotive workers, and salon workers.
These occupations have been reported to have potential lead exposure [15,
42, 43]. In addition, we are not only concerned about pregnant women's
occupations but also concerned about cohabiting family members. Since
lead dust from the workplace can become attached to clothes or personal
items, this can result in other family members becoming at risk of lead
exposure [44]. Moreover, our study found that pregnant women who have
lived with those who work in lead-related occupations or have themselves
worked in lead-related occupations for five years or more had four times
higher levels of lead in their blood (Table 5). Coffee (6) is a popular
beverage in Thailand, especially among the working-age population [45].
It is well known that coffee contains caffeine and might be contaminated
with lead in some areas. However, the risk of lead exposure is low unless
consumed in excess [46, 47]. It has been reported that caffeine may
interfere with calcium absorption, leading to an increase in bone resorp-
tion and lead, resulting in increased BLLs [48, 49]. Chemical products (7)
such as fungicides, pesticides, and insecticides contain lead [50] which, if
used unprotected, can cause lead to enter the body. This correlates with a
study of pregnant women in Indonesia which found high BLLs (46.24 �
22.33 μg/dL) that may be caused by pesticides [42]. The last items, (8), is
education, which is considered to be a protective factor. Our study found
that higher educationwas associatedwith an 89.0% reduction in the risk of
having high BLLs (Table 5). As education is one of the most important
factors in health and wellness behaviour, generally, people with higher
education tend to be healthier and more likely to engage in healthy be-
haviours [51]. The level of education is also used as an indirect measure of
social and economic class; that is, the majority of people with a good ed-
ucation also have a higher socio-economic class [52]. Moreover, people
with higher education have greater access to health information. Likewise,
pregnant women with a higher level of education may be able to get in-
formation about lead hazards and avoid the risk of lead exposure [53].

To the best of our knowledge, this is the first report that shows a valid
lead exposure screening tool for pregnant Thai women. The ThaiL8Is can
be used in routine pregnancy surveillance systems by health officials in
both primary healthcare centres and hospitals. The pregnant women who
are identified as being in a high-risk group need to be confirmed by a
blood lead test. By using the ThaiL8Is, every pregnant woman has the
opportunity to get tested for lead exposure. This could lower the cost of
blood lead and prevent negative effects for pregnant mothers and their
children. Nevertheless, the present study has the following limitations:
the sample size in this study was the minimum sample size required for
calculating the sensitivity and specificity of screening parameters, the
small number of subjects used in this study may have implications for its
sensitivity and specificity if it ever gets adopted. In addition, the coastal
nature of both the development area and the validation area may limit its
generalizability.

5. Conclusions

The ThaiL8Is a lead exposure screening tool for pregnant Thai women
which includes eight items; (1) systolic blood pressure (2) diastolic blood
pressure (3) urine sugar (4) haemoglobin level (5) occupation (6)
drinking coffee (7) using chemical products and (8) education level, with
an acceptable effective test [28]. The ThaiL8Is can classify pregnant
women who need a blood lead test. Local health centres should employ
10
ThaiL8Is in surveillance processes to lessen the negative effects of lead
exposure on health.
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