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Abstract 

Background and aim: Exposure to lead can harm a child’s health, including damage to the nervous system, delayed 
growth, hearing loss, and many other adverse health effects, as well as implications for social, economic, educational 
and social well-being. Lead exposure in children is still a concern and cases require public health management to find 
the exposure source and interrupt the exposure pathway. Housing characteristics can indicate the presence of lead-
contaminated paint and leaded water supply pipes. We aimed to explore the relationship between housing charac-
teristics and elevated blood lead concentration (BLC) in children in England.

Methods: We used a retrospective cohort design and included all cases of lead exposure in children reported to the 
UK Health Security Agency between 2014 and 2020 via surveillance. A case was a child aged under 16 years, resident 
in England, BLC of ≥ 0.48 μmol/L (10 µg/dL) and referred for public health management. We collected case demo-
graphic details and housing characteristics (age and type). We explored associations between elevated BLC and risk 
factors, using generalised linear mixed effects models and compared cases’ housing type to that expected nationally.

Results: Two hundred and sixty-six out of 290 cases met the case definition. There was no difference in BLCs 
between genders, age groups, deprivation, and housing type. After adjusting for reporting source, housing age and 
type, cases residing in housing built pre-1976 had a BLC of 0.32 (95%CI 0.02, 0.63) µmols/L (6.63 (95%CI 0.42, 13.0) µg/
dL) higher than cases living in housing built after this time. Cases were 1.68 times more likely to be living in terraced 
housing (housing adjoined to one another) than other children and less likely to live in apartments and detached 
properties.

Conclusion: This study suggests an association between housing characteristics and BLC in children. Housing age 
and type may act as a proxy for lead exposure risk through exposure to leaded paint, lead water pipes, and lead con-
taminated dust from indoor and outdoor sources. Public health action should consider targeting families more at risk 
in older housing by raising awareness of the potential presence of lead pipes and paint. Interventions should include 
working with wider stakeholders including other housing and environmental professionals, the private sector, as well 
as parents and carers.
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Background
It is estimated that 800 million children globally 
(around 1 in 3) have elevated blood lead concentra-
tions (BLC), at or above 0.24µmols/L (micromoles per 
litre) (5 µg/dL) (micrograms per decilitre) [1]. Although 
more prominent in low- and middle-income countries, 
children in more developed countries are still exposed 
to lead in the environment. There is no recent compre-
hensive survey data estimating how many children in 
England are exposed to lead [2]. However, recent esti-
mations by the Institute of Health Metrics [1], using 
the Global Burden of Disease tools suggest that for 
the United Kingdom (UK) there were 213,702 (95% 
Confidence Interval (CI) 186,117—281,542) children 
aged 0–19 years with a BLC of ≥ 0.24 µmol/L (≥ 5 µg/
dL), and 29,036 (95% CI 25,099—42,470) children with 
BLC ≥ 0.48  µmol/L (≥ 10  µg/dl) in 2019. International 
population survey data may also be used for estimates; 
using the National Health and Nutrition Examination 
Survey (NHANES) undertaken in the USA between 
2011 and 2016, the US Center for Disease Control and 
Prevention (USCDC) estimate that 2.5% of children 
aged 1–5 years have a BLC ≥ 3.5 µg/dL [3].

No safe level of lead exposure has been identified for 
children [4]. Timely removal or abatement of the expo-
sure source or interruption of the exposure pathway is 
the mainstay of case management. Successful primary 
prevention efforts – targeted at reducing the use of lead 
in paints and fuels, regulation of lead concentrations in 
drinking water, planning controls and remediation of lead 
in soil, and control of industrial emissions – have been 
successful in reducing lead in the environment. However, 
lead is a persistent contaminant, lasting for many years; 
therefore, children can still be exposed to lead already 
in the environment [5]. Subsequent to the removal of 
lead from petrol, ingestion rather than inhalation is the 
most common route of exposure in high income coun-
tries, particularly from flakes and dust of leaded paint 
[6]. Other important routes of exposure in children are 
ingestion of lead-contaminated water, contaminated soil 
or dust, herbal medicine preparations, contaminated 
food, consumer products not meeting regulatory stand-
ards (e.g., paint on toys, make-up, ceramics, lead crystal 
glassware), or secondary exposure from parental hobbies 
or occupations (e.g., resulting in children being exposed 
to lead dust on work-clothing) [7].

Younger children and children with developmental 
disorders have been found to have higher BLCs [8]; 

whilst increased mouthing behaviour in early years is 
normal childhood behaviour, children with develop-
mental disorder may also display this behaviour and 
hence are at higher risk of exposure due to increased 
mouthing (or “pica”) behaviour [9] (Fig.  1) leading to 
increased ingestion from lead in paint flakes, dust and 
soil, amongst other sources. Furthermore, iron defi-
ciency may further increase susceptibility to lead toxic-
ity [10–12].

In the UK, in 1963 the UK Paintmakers Association 
voluntarily agreed to label paints containing more than 
1% of lead and by 1980 lead-based paints were only avail-
able for specific purposes. Complying with European 
Standards in 1992, the sale of lead-containing paints to 
the public stopped except for special use, for example in 
the renovations of historic buildings [13–15]. However, 
older domestic housing may still have lead paint layers 
beneath newer paint, which become exposed if the sur-
face is sanded down or chipped over time. Leaded water 
pipes may also be present in older houses. Although 
banned in plumbing for more than 25 years and subject 
to a program of replacement [16], lead pipes are still often 
found in homes, particularly in those built before 1970. 
Studies in the United States (US) have found that higher 
BLCs were associated with (amongst other factors) older 
housing age [17] and housing type [18], due to the pres-
ence of leaded paint and water pipes. Household leaded 
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Fig. 1 Window sill with leaded paint picked off and eaten by a case. 
Children with pica are known to pick at and/or chew surfaces in 
the home painted with lead paint and this can be a source of lead 
exposure (photo courtesy of Rebecca Ingham, Advanced Health 
Protection Practitioner, Yorkshire and Humber Health Protection Team 
(HPT), UK Health Security Agency (UKHSA), 2021)
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paint was the source of lead concentration in dust, which 
was correlated with age of housing (p = 0.036) [19]. Food 
and house dust have also been found to be key sources 
of lead contamination in the home [20], along with out-
door soil [21], household dust from kitchen floors and 
ingress of dust indoors from outdoor sources [22]. Given 
the expectation that older houses and houses with gar-
dens are more likely to contain lead in various forms, it 
would seem reasonable to evaluate whether there is also 
an association between BLC and housing age and type in 
the UK.

In England, the UK Health Security Agency (UKHSA- 
previously Public Health England (PHE)) coordinates the 
Lead Exposure in Children Surveillance System (LEICSS) 
[2]. The surveillance was set up initially as a pilot after 
a research study demonstrated that direct laboratory 
reporting improved the timeliness of public health inter-
vention in 80% of cases [23]. LEICSS has since captured 
details on some 300 children in England between 2014–
2020 with elevated BLCs requiring public health inter-
vention. The surveillance data provides an opportunity to 
explore the effect of housing on the level of blood lead in 
children.

The aim of the current study is to explore the rela-
tionship between elevated BLC in children reported to 
LEICSS and a range of routinely available housing-related 
risk factors (e.g., housing age and type).

Methods
Study design
We conducted a retrospective analysis in which we 
included all cases of lead exposure in children reported 
to UKHSA between 2014 and 2020.

Study population
The study population is comprised of children under the 
age of 16 years old resident in England.

Case definition
A case is defined as:

• a child aged under 16  years at the time of first ele-
vated BLC

• resident in England
• with an elevated BLC of ≥ 0.48  μmol/L (or ≥ 10  μg/

dl) detected in a UK Accreditation Service (UKAS) 
biochemistry or toxicology laboratory, or reported to 
UKHSA for public health management at any BLC

• reported to UKHSA by laboratories or clinicians dur-
ing the period 01/01/2014 to 31/12/2020 inclusive.

For surveillance purposes during this time period par-
ticipating labs reported cases with a BLC of ≥ 0.48 μmol/L 

(or ≥ 10  μg/dl) for public health case management in 
England. However, occasionally, cases with a BLC under 
this threshold were also reported, so we included all such 
cases requiring public health intervention irrespective 
of BLC. A separate sensitivity analysis (data not shown) 
found that excluding cases under the threshold did not 
affect the results.

Case data collection, extraction and handling
LEICSS is a passive surveillance system that integrates 
reports of incident (newly detected) cases of lead expo-
sure in children from two sources; cases reported to 
UKHSA directly from a testing biochemistry/toxicology 
laboratory participating in surveillance, or by searching 
a case management system (HPZone, by Infact, Ship-
ley) for cases first reported from a non-UKHSA source 
(e.g., the managing clinician or an environmental health 
officer) to a local UKHSA Health Protection Team 
(HPT). For further details of laboratories reporting to 
LEICSS see [2].

At each year’s end, data are extracted from HPZone 
and cases meeting the case definition on age and resi-
dence location are retained. Data on demographics, date 
of report (‘date entered’), date of onset/specimen date, 
source of reporting, current location, diagnostic notes, 
lab results, and status are extracted. Data were manipu-
lated in Stata v14.2, MS Excel and mapped using Arc-
GIS ArcMap v10.5.1. Duplicate records were checked 
through NHS number, case name, date of birth, and 
address. Where duplicate records were found, we took 
the first BLC report and populated missing fields to make 
a more complete record.

Demographic data
Population demographics were derived from the Office 
of National Statistics (ONS) 2017 mid-year estimates for 
UKHSA Centre (UKHSAC) region areas [24], based on 
the midpoint of the time period of interest (2014–2020). 
Case postcodes were allocated geographical attributes 
by mapping location of cases in the Geographical Infor-
mation System (GIS). The index of multiple depriva-
tion (IMD) 2019 score [25] was obtained for each case 
through postcode matching to small area administra-
tive Lower Super Output Area (LSOA). IMD is the offi-
cial measure of relative deprivation for small areas or 
neighbourhoods (LSOAs, with 1,000–3,000 residents) 
in England and ranks every area from 1 (most deprived) 
to 32,844 (least deprived). It combines information from 
seven domain indices (income, employment, education, 
health, crime, access to housing and services, and living 
environment) to produce an overall relative measure of 
deprivation, with a quintile score from the first quintile 
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representing the most deprived (group 1) to the fifth 
quintile representing the least deprived (group 5) areas.

Geographical variation
We considered that cases reported to the same region, 
HPT, or laboratory were more likely to be related, as 
the system by which they were detected and measured 
(clinical knowledge and referrals and laboratory testing 
regimes) would be similar. We used the variable HPT to 
represent such regional homogeneity. There are 17 HPTs 
in England, and this variable was thought to explain the 
regional similarities with sufficient geographical varia-
tion. A UKHSA Centre (UKHSAC) would be too large an 
area and local authority area too small. We also included 
reporting categorisation; Super Assay Service (SAS) 
laboratory (lab) (those belonging to a network of trace 
element biochemistry NHS labs), non-SAS lab, or cases 
reported directly to HPTs in case source of report influ-
enced the level of BLC recorded.

Housing characteristics datasets
The age and type of housing for each case was used as 
an indicator for the potential presence of lead-contain-
ing paints and lead water pipes in the home and were 
obtained from two sources. Housing age was estimated 
from a dataset provided by the UK Valuation Office 
Agency (VOA) [26] for the LSOA of residence. This data-
set provides the number of households built in each dec-
ade since the year 1900, which allows the percentage of 
housing built before 1973 to be calculated for each LSOA 
in England. Because lead-based paints were phased out 
voluntarily during the 1970’s [13], the year of 1973 was 
set as a break point for this dataset (being an available 
category cut off point): housing built before 1973 were 
considered likely to contain lead-based paint, while prop-
erties built from 1973 onwards were assumed to be with-
out lead-based paint. The case was allocated the value of 
this percentage for their resident LSOA as a continuous 
variable. The percentage of homes built before 1973 was 
also calculated per Upper Tier Local Authority (UTLA) 
and plotted on a map.

A second source of data on housing characteristics 
was obtained from the UK Ordnance Survey (OS) [27]. 
This experimental dataset was compiled from different 
sources and gave each case’s address an estimated indi-
vidual housing age and type based on a records match 
by Unique Property Reference Number (UPRN). Data 
were compiled from land use records in OS, from the OS 
Topography Layer, OS AddressBase Premium database, 
planning records, Ministry of Housing, Communities 
and Local Government Energy Performance Certificates 
[28] and Her Majesty’s Land Registry [29] Price Paid 
data. Housing age was given in categories of build era 

(10–30-year period), and then summarized as pre or 
post-1976, as an appropriate available cut off point in the 
categories of this dataset to represent older housing. Data 
on housing type included breakdown by self-contained 
flat, terraced, semi-detached and detached house, and 
house of multiple occupation (HMO) (OS Addressbase). 
To explore if BLC was associated with housing type, we 
compared the observed distribution of cases’ housing 
type to that expected for the population in England [30] 
and calculated observed/expected ratios.

Descriptive epidemiology
We characterised demographics (age, sex, and geographi-
cal location by UTLA, regional UKHSA Centre area and 
HPT, location (hospitalised), status (deceased, investiga-
tion open, closed, or pending), deprivation score, housing 
age – from both datasets (and if built before 1973 (VOA 
data) or 1976 (OS data)), housing type, source of report 
(lab or HPT, lab type (SAS lab or other), lab name), and 
BLC. Epidemiology of cases captured through surveil-
lance are reported in detail elsewhere through annual 
surveillance reports [2], so are only described briefly in 
this paper.

Statistical analysis
We conducted an analysis of the characteristics poten-
tially associated with elevated BLC for cases. A single 
variable analysis (SVA) was conducted to calculate the 
BLC coefficients (and 95% Confidence Intervals (CI)) 
for each of the explanatory variables, either per category 
for categorical values, or per unit increase if linear for 
continuous variables. We performed SVA using a linear 
mixed effects model with HPT as a random effect and 
tested significance at the 5% level with a Wald test.

Sometimes, observations were related to each other, 
so we explored clustering at the HPT/regional level. We 
were interested in seeing the fixed effect of risk factors on 
BLC with HPT as a random effect. A mixed effects model 
was used to model data characterised by a multilevel 
structure.

For the multivariable analysis (MVA), we explored the 
distribution of BLC using Tukey’s Ladder of Powers [31]. 
As BLC was not normally distributed, we explored poten-
tial transformations and the normality of the modelled 
residuals. No feasible transformation of the data was 
possible, so we took two approaches: 1) as observational 
environmental samples and human biomonitoring sam-
ples are often log-normal [32], we took the log (base e) of 
BLC, and 2) we used a generalised linear model (GLM) 
with a gamma distribution.

We considered all a-priori confounders in a multi-
level mixed effects linear regression; age, gender, depri-
vation (IMD), region (UKHSAC), source of report, and 
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designated housing type (OS) and housing age (VOA or 
OS data) as our explanatory variables. We used a back-
wards stepwise approach to identify a final model, keep-
ing the explanatory variables of interest (housing age and 
type), eliminating variables with the most missing values 
first and identifying possible confounders. If a variable 
did not improve the model (p < 0.05 with a likelihood 
ratio test) it was removed, provided it was not a substan-
tial confounder (> 20% change in effect estimates), there-
fore coefficients are not available for these predictors.

Finally, we chose the best model to present using Infor-
mation Criteria (IC) by comparing and exploring the fit 
of the model against residuals. We plotted the residuals 
of each model against exploratory variables, e.g., housing 
age and type, (as those variables remained in the model 
and fitted value) for trend, bias and variance homogene-
ity. We used the quantile–quantile plot to look at the nor-
mality of the residuals (data not shown). We compared 
the fit of the model and chose the model with the lowest 
IC (AIC/BIC) fit criteria, to balance good fit with parsi-
mony. AIC and BIC are both penalized-likelihood criteria 
and used for comparing non-nested models and choosing 
best predictor subsets in regression, suggesting best fit. 
As the models used different co-variates, we present the 
fit criteria as a supplementary table (Table S1). We com-
pared the two models with and without fitting random 
effects. From the eight resulting models, we reported on 
the best fit model and the Coefficients and 95% CI for 
each explanatory variable adjusted for housing age and 
type.

Results
Descriptive epidemiology
We identified 290 records of lead exposure reported to 
UKHSA between 1/1/2014 to 31/12/2020. Of these, 268 
(92%) records were under 16 years at specimen date and 
removing two duplicates left 266 cases meeting the case 
definition. Cases reported per year ranged from 31 to 
50, with an average of 34 per year (Table 1). Most cases 
were male (177, 68%). Cases ranged from 0 to 14  years 
old, median age 3 years old, Inter Quartile Range (IQR) 
0- 13 years. 57% of cases were aged between 1 and 5 years 
old, and 18% between 5–10 years old. Ethnicity data was 
poorly recorded (2.7% complete) so not analysed further. 
More detail on the epidemiology of cases is reported in 
surveillance annual reports [2].

There were 241 cases with BLC recorded (91%) and 
25 (9%) cases without. The latter were more likely to 
be cases reported direct to HPTs from clinicians or 
other stakeholders. The BLC ranged from 0.24–17.59 
µmols/L (4.97–364.2  µg/dL), median 0.71 µmols/L 
(14.7 µg/dL), IQR 0.29–3.66 µmols/L (6.0- 75.8 µg/dL). 
The data were not normally distributed (p < 0.001) and 

highly skewed to zero. Cases in hospital at the time of 
first elevated BLC had a BLC 1.78 (95%CI 1.17, 2.39) 
µmols/L (36.9 (95%CI 24.2, 49.5) µg/dL) (p < 0.001) 
higher than non-hospitalised cases.

BLC varied between years, being higher or lower 
compared to the base year (2014) (Table 1). Dataflows 
in the surveillance system took time to stabilise, from 
its set up and pilot phase, so the yearly variation is not 
thought to be of interest and was therefore not further 
analysed.

Cases were mapped by counts per Upper Tier Local 
Authority (UTLA) (Fig. 2). The majority of cases lived in 
the Yorkshire and Humber UKHSAC (31%) followed by 
London (21%). Case numbers were higher in areas of the 
country characterised by older housing (Fig. 2) although 
this may reflect population density and notification pat-
terns. LEICSS participating labs reported 205 cases 
(77%), with SAS labs contributing the majority (72%) and 
56 cases (21%) were reported to HPTs directly (Table 1).

Cases were more likely to live in more deprived neigh-
bourhoods, with half (49%) of cases living in the most 
deprived quintile (1); this is far higher than the 20% of 
households expected in this quintile. Cases were less 
likely to live in the top 2 least deprived quintiles (4 and 5); 
with 15% in these areas (expected 40%) (Table 1).

Property age and type
All cases were mapped to a VOA property age band 
(Fig. 3a). 79% of cases were living in a LSOA where the 
housing stock is predominantly (> 60%) built pre-1973 
with almost half (48%) living in areas where 80–100% of 
dwellings are pre-1973 (Table 1). At UTLA level, the per-
centage of homes built before 1973 varied regionally, with 
urban areas showing older housing stock (London, the 
south-east, north-east, north-west and midlands, Fig. 2).

Using the OS dataset, 14% of cases were missing a 
housing age and 8% were missing housing type. Simi-
larly to the VOA data, the majority of cases lived in older 
housing (pre 1966) with 78% living in houses built before 
1976 (Fig. 3b, Table 1).

Compared to the national breakdown of housing types, 
a far higher proportion of cases live in terraced housing 
than the English housing stock proportion (47% v 28%) 
(Observed/Expected (O/E) ratio = 1.68) (Table  2). Ter-
raced housing is typically units of double storey 2 or 3 
bedroom houses joined directly to similar houses either 
side, often built in the Victorian era. Cases were less 
likely to live in flats  (apartments), detached or semi-
detached houses (attached to one other housing unit) 
(O/E < 1) (Fig. 3c, Table 1). Fewer cases lived in pre-1900 
housing (15%) compared to the English national housing 
stock (21%), (O/E = 0.71).
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Table 1 Demographics and characteristics of child lead exposure cases resident in England reported to UKHSA in 2014–2020

Variable Number Percent Total n in model SVA-Coefficient (95% CI) P value

Sex 262 237 0.205

 Male 177 67 0.12 (-0.07, 0.30)

 Female 85 32 reference

 missing 4 1

Agea 266 241 0.001 (-0.12, 0.12) 0.986

Age Group 266 241 0.427

  < 1 year old 52 20 reference

 1–5 152 57 0.07 (-0.15, 0.29)

 6–10 47 18 0.22 (-0.06, 0.50)

 11–15 15 6 -0.09 (-0.50, 0.33)

BLC categories (µmols/L) 241 241

  < 0.48 22 8

 0.48–0.75 105 40

 0.76–1 45 17

 1.01–1.5 40 15

 1.51–2 12 5

 2.01–10 15 6

  > 10 2  < 1

 missing 25 9

Year of report 266 241  < 0.001
 2014 31 12 reference

 2015 33 12 0.49 (0.15, 0.83)
 2016 33 12 -0.20 (-0.54, 0.14)

 2017 50 19 -0.17 (-0.47, 0.13)

 2018 45 17 -0.22 (-0.53, 0.09)

 2019 39 15 -0.46 (-0.79, -0.14)
 2020 35 13 -0.25 (-0.59, 0.08)

Geographical location (UKHSA Centre) 265 240 0.449

 East Midlands 8 3 reference

 East of England 21 8 0.65 (0.03, 1.26)
 London 57 21 0.67 (0.10, 1.24)
 North East 4 2 0.98 (0.1, 1.83)
 North West 41 15 0.52 (-0.07, 1.11)

 South East 18 7 0.68 (0.05, 1.31)
 South West 15 6 0.61 (-0.05, 1.26)

 West Midlands 18 7 0.65 (0.03, 1.28)
 Yorkshire and Humber 83 31 0.85 (0.2, 1.41)
 missing 1  < 1

Health Protection Teams (HPT) 266 - - -

 Bedfordshire and Hertfordshire 22 8

 Cheshire and Merseyside 28 11

 Cumbria and Lancashire 9 3

 East Midlands North 8 3

 Greater Manchester 4 2

 Hampshire and Isle of Wight 7 3

 North East 4 2

 North East and Central London 31 12

 North West London 16 6

 North Yorkshire and Humber 7 3
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Table 1 (continued)

Variable Number Percent Total n in model SVA-Coefficient (95% CI) P value

 South East London 10 4

 South West (South) 15 6

 South West London 1  < 1

 Sussex and Surrey 10 4

 West Midlands East 16 6

 West Midlands West 2  < 1

 West Yorkshire 76 29

Location/status
hospitalised 42 42  < 0.001
 No 44 17 reference

 Yes 7 3 1.78 (1.17, 2.39)
 Not known 215 81

Deceased 1  < 1

Status 241 241 0.042
 Open 22 8 reference

 Closed 233 88 -0.01 (-0.57, 0.54)

 Pending 11 4 0.29 (-0.04, 0.62)

IMD quintile 266 241 0.748

 1-most deprived 131 49 reference

 2 55 21 -0.06 (-0.30, 0.18)

 3 41 15 0.15 (-0.12–0.43)

 4 23 9 0.02 (-0.31, 0.35)

 5- least deprived 16 6 -0.24 (-0.62, 0.13)

Housing age (from VOA) 241 241 0.289

  Percentagea of housing built before 1973 in cases residential area - - 241 241 0.001 (-0.002, 0.004) 0.423

 Cases living in areas where 0% of housing built before 1973 16 6

 Cases living in areas where 0–20% of housing built before 1973 19 7 241 reference

 20–40% 7 3 0.03 (-0.57, 0.62)

 40–60% 29 11 0.04 (-0.37, 0.46)

 60–80% 84 32 0.01 (-0.33, 0.36)

 80–100% 127 48 0.15 (-0.19, 0.49)

Housing age of case (from OS data) 230 207 0.046
 Pre 1900 39 15 reference

 1900–1929 59 22 0.57 (0.29,0.86)
 1930–1949 54 20 0.03 (-0.27,0.33)

 1950–1966 45 17 0.22 (-0.10, 0.53)

 1967–1975 11 4 -0.06 (-0.53, 0.40)

 Post 1976 22 8 -0.11 (-0.49, 0.27)

 unknown 36 14

Housing age of case (from OS data- simplified categories) b 207 207 0.035
 Pre 1976 208 78 0.36 (0.03, 0.70)
 Post 1976 22 8 Reference

 missing 36 14

Housing type (from OS data) 245 220 0.620

 Self contained flat 31 12 reference

 Terraced 124 47 0.02 (-0.28, 0.31)

 Semi-detached 63 24 -0.11 (-0.43, 0.21)

 Detached 18 7 -0.05 (-0.47, 0.37)

 House of Multiple Occupation (HMO) 2  < 1 -0.57 (-1.58, 0.43)
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Single variable analysis
In OS derived data, higher BLCs were associated with 
living in housing built pre-1976 compared to post-1976, 
and in children living in houses built between 1900–1929 
compared to pre-1900 housing. There was no association 
found between housing age and BLC using VOA data. 
Lower BLC was associated with cases reported directly 
to HPTs, compared to those reported by labs. There was 
some evidence of regional differences in the levels of BLC 
in children. There was no difference in BLCs between the 
genders, between age groups, IMD quintiles, reporting 
labs, and housing type (Table 1).

Multivariable analysis
From the eight resulting models (Table S1), the model 
with best fit was the GLM fixed effects log distribution 
model. Table  3 shows the results of this model using 
log of BLC as the outcome variable and OS data as the 
housing age variable. The final model was adjusted for 
reporting source, housing age andtype. Cases residing in 

housing built pre-1976 had a BLC 0.32 (95%CI 0.02, 0.63) 
µmols/L (6.63 (95%CI 0.42, 13.0) µg/dL) higher than 
cases living in housing built post-1976 (Table  3). Cases 
reported directly to HPTs had lower BLC than those 
reported by SAS labs (p = 0.003). There was no evidence 
for differences in BLC inchildren by housing type.

Discussion
The demographics of the cases are in line with previous 
descriptions of UK cases [2, 11, 12, 23, 33, 34]: more likely 
to be male (67%), aged between 1–5 years old (57%), and 
living in the most deprived quintile (49%) although BLC 
did not significantly vary between genders, age groups, 
and deprivation.

Our study supports previous research [35] showing 
relatively more older houses in northern and south-east-
ern areas of England, which suggests that regional BLC 
differences might be due to differences in lead exposure. 
However, it is difficult to draw firm conclusions given 
the known under-ascertainment of children with lead 

Table 1 (continued)

Variable Number Percent Total n in model SVA-Coefficient (95% CI) P value

 Housing (other) 7 3 0.14 (-0.54, 0.82)

 missing 21 8

Source of report 261 241  < 0.001
 Lab 205 77 reference

 HPT 56 21 -0.43 (-0.67, -0.19)
 Not known 5 2

Lab/sourceb 261 241  < 0.001
 SAS Trace Element lab 192 72 reference

 Other 13 5 -0.29 (-0.67, 0.10)

 HPT 56 21 -0.43 (-0.67, -0.19)
 Not known 5 2

Lab name 261 241 0.048
 Alder Hey 5 2 reference

 Bristol 1  < 1 -0.42 (-1.89, 1.06)

 Cardiff 4 2 0.15 (-0.77, 1.08)

 Guildford 48 18 0.14 (-0.52, 0.80)

 HPT 56 21 -0.18 (-0.86, 0.50)

 Imperial 26 10 0.34 (-0.35,1.03)

 Kings College 10 4 0.11 (-0.67,0.88)

 LEICSS (lab unnamed) 10 4 0.13 (-0.65, 0.90)

 Sandwell 21 8 0.20 (-0.51, 0.91)

 Sheffield 1  < 1 -0.18 (-1.65, 1.30)

 The Doctors Lab 2  < 1 -0.24 (-1.36, 0.87)

 Leeds 77 29 0.39 (-0.27, 1.05)

 Not known 5 2

Description: (n = 266) (percentages subject to rounding). Single variable analysis (SVA) of association between Blood Lead Concentration (BLC) where possible (p < 0.05 
shown in bold) using Health Protection Team (HPT) area as a random effect
a  Treated as a continuous variable in the model, 
b  Variable used in the MVA models
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exposure [36] and known variation in case ascertain-
ment [2]. For example, considerable awareness-raising 
activities in Yorkshire and Humber resulted from a seri-
ous case review following a death of a child from lead 
poisoning in 2015 [37] and led to a marked and sustained 
increase in reporting.

Cases were more likely to live in the most deprived 
areas; however, BLC did not show a dose–response rela-
tionship, potentially explained by the small sample size 
and the effect of other lead sources, e.g., diet. We would 
expect more deprived areas to have older sub-standard 
housing or more exposure to contamination sources as 

studies in the US (e.g. [17]) have found higher BLC asso-
ciated with lower family income-to-poverty-ratio and 
lower socio-economic status.

Property age and type
The findings in this study broadly agree with research in 
other countries such as the US [17, 38–40], Canada [19], 
and France [41, 42] suggesting that housing age is a risk 
factor for exposure to lead in the domestic environment, 
likely due to exposure to old lead-painted surfaces or 
water supply pipes containing lead. Comparing housing 
age pre and post 1976 using the single variable analysis 

Legend
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Fig. 2 Cases per Upper Tier Local Authority area and percentage of housing built before 1973 in England. Location of cases, counts per Upper Tier 
Local Authority (UTLA), UK Health Security Agency (UKHSA) Centre region areas, and percentage of housing built before 1973 per UTLA area (VOA 
data, 2014)

Fig. 3 a, b, c Cases housing characteristics; a Distribution of housing age; percentage of houses built before 1973 for the cases local area. Values 
represent for each case, the % of housing built before 1973, for the small area (Lower Super Output Area (LSOA)) where the case resides. Data from 
the Valuation Office Agency (VOA) (2014). b Distribution of housing age for LEICSS cases (2014–2020) in England; using Ordnance Survey data. c 
Type of housing for cases of lead exposure in England (2014–2020) using Ordnance Survey data. HMO = House of Multiple Occupation

(See figure on next page.)
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Fig. 3 (See legend on previous page.)
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and OS data showed a significant association between 
BLC and housing age. However, OS 30-year age bands 
showed a less clear picture with only the 1900–1929 age 
band associated with higher BLC than pre-1900. This is 
unexpected since lead paint would have been in use dur-
ing both these time periods. VOA housing age data is 
based on local area data (LSOA) but brownfield develop-
ment and post-war infill leads to a mix of housing age, 
especially in urban areas, which may lead to misclassifi-
cation and explain the lack of an association with BLC. 
In contrast, OS data assigns characteristics to individual 

properties using data derived from multiple sources and 
is likely to be more accurate, although incomplete data 
(14% for housing age) could have potentially introduced 
bias and misleading inference. Some significant asso-
ciations at SVA disappeared in the multivariable model, 
potentially explained by residual confounding from other 
relevant exposures such as diet, soil, etc.

Whilst the modelled effect estimates for housing age 
were small, the coefficients associated with older hous-
ing (0.32 µmol/L; 6.6 µg/dL; 6.63 (95%CI 0.42, 13.0) µg/
dL) are above the concentration (0.24 µmols/L; 5  µg/

Table 2 Comparison of the distribution of cases housing type (observed percentage) compared to the national distribution of the 
English housing stock (expected percentage) (OS and Building Research Establishment (BRE) data)

na not available

Housing type Observed (%) Expected (%) Ratio 
Observed/
Expected

Self contained flat (apartments) 12 20 0.6

Terraced 47 28 1.68

Semi-detached 24 26 0.92

Detached 7 17 0.41

Bungalow na 9 na

House of Multiple Occupation (HMO)  < 1 na na

Housing (other) 3 na na

Table 3 Unadjusted and adjusted coefficients between explanatory variables and Log BLC, (n = 207)

Description: (percentages subject to rounding). Mutliple variable analysis (MVA) of association between Blood Lead Concentration (BLC) and explanatory variables (p 
< 0.05 shown in bold)

Variable Number Percent Unadjusted
Coefficient (95%CI)

P value (Wald test) AdjustedCoefficient (95%CI) P value 
(Wald 
test)

Reporting route 241  < 0.001 0.029
 SAS lab 192 72 reference reference

 Other lab 13 5 -0.16 (-0.49, 0.17) -0.15 (-0.52, 0.23)

 HPT 56 21 -0.40 (-0.23, -0.06) -0.36 (-0.60, -0.13)
 missing 5 2

Housing age of case 
(from OS data)

230 0.056

 Pre1976 208 78 0.28 (-0.01, 0.57) 0.32 (0.02, 0.63)
 Post 1976 22 8 reference reference

 missing 36 14

Housing type 266 0.861

 Self contained flat 31 12 reference reference

 Terrace 124 47 -0.01 (-0.26, 0.24) -0.09 (-0.38, 0.19)

 Semi-detached 63 24 -0.04 (-0.31, 0.24) -0.09 (-0.40, 0.21)

 detached 18 7 0.10 (-0.26,0.47) 0.12 (-0.28, 0.51)

 HMO 2  < 1 -0.30 (-1.19, 0.58) -0.30 (-1.20, 0.59)

 other 7 3 0.23 (-0.36, 0.81) 0.20 (-0.76, 0.03)

 missing 21 8
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dL) at which public health intervention is now required 
in England [43] and in the US (0.16905 µmols/L;3.5 µg/
dL) [44]. Whilst there is no threshold for adverse health 
effects, the World Health Organisation (WHO) advocate 
clinical intervention for any individual with a BLC above 
5 µg/dL [36].

Although BLC was not found to be associated with 
a particular housing type in the model, the distribu-
tion of cases’ housing type compared to that expected 
showed that cases were nearly twice as likely to live in 
terrace housing (47%) compared to the national propor-
tion (28%). The majority of terraced housing in the UK 
was built before the 1970s, so are likely to contain leaded 
water supply pipes and lead paint (even when renovated, 
as new paint is commonly painted over the original 
paint). The dangers of lead exposure through domestic 
redecoration have been highlighted in public informa-
tion leaflets [45]. This type of housing is often populated 
with families with younger children, with relatively lower 
incomes.

One other study (in the US) has identified specific 
housing types as being more likely to present a risk of 
lead exposure. As well as age of housing, this study iden-
tified privately rented multiple unit houses in poor repair 
as being more likely to present a risk of lead exposure 
[18]. Similar to our study, the occupants of such housing 
were more likely to be low income.

Limitations
The low ascertainment of cases identified through 
LEICSS has been discussed elsewhere [2]. The LEICSS 
reporting rate is approximately 5 children per million [2]; 
this is 0.1% of the 257,200 children in England in 2021 
aged under 15  years with a predicted blood lead > 2  µg/
dL (and 20,000 predicted > 5 µg/dL) estimated using ONS 
population projections and prevalence data from inter-
national surveys and human bio-monitoring surveys (e.g. 
[1, 46, 47]. It has been suggested that passive reporting to 
surveillance systems is non-random and reported cases 
are more likely to be severe [48]. The absence of blood 
lead data below the case definition of elevated blood lead 
could bias the results. Low ascertainment may lead to 
bias in the case sample, although our case demographics 
and epidemiology are in line with other studies [49, 50].

Further exposures which may be associated with ele-
vated BLC were not included in our analyses and may 
therefore give rise to residual confounding; for exam-
ple, housing tenancy (owned or rented) [18, 51] paren-
tal occupation [52, 53], ethnicity [17], other sources of 
exposure, diet, contaminated land, soil quality or con-
taminated consumer products [6, 19, 20, 38, 41, 54]. 
Additionally, some case characteristics used ecological 
proxy measures based on area (e.g., deprivation, housing 

age and type) which may be inaccurate, leading to mis-
classification. For this study we did not take environmen-
tal measurements for individual cases, which could have 
confirmed local exposures, although this data may have 
been available in other databases via case investigations.

A limitation of using housing datasets is that hous-
ing characteristics were estimated from other datasets, 
again leading to potential misclassification. Reliability 
and completeness of variables also limited the findings. 
The association found with housing age may still suggest 
appropriate public health action to target families living 
in older housing but should be interpreted with caution.

We acknowledge that cases spend time in places other 
than the home, especially for school-aged children. A 
study in Sao Paulo, Brazil, found no associations with 
lead intake by diet (p = 0.4) or mean lead found in house-
hold environmental screenings (p = 0.15) but did find an 
association with day care centres environmental screen-
ings (p < 0.001) [54], suggesting that settings other than 
the home are important for lead exposure and need to 
be considered for case investigation. Time spent in edu-
cation and day care settings should also be considered 
for exposure to lead sources and is considered in UK 
public health risk assessments. A recent UK study found 
elevated lead levels in school water [55]. UKHSA’s case 
exposure questionnaire used in case investigations now 
captures information on time spent at other locations.

Finally, for this type of study, examining associations 
with BLC may be less important than data on whether a 
child is identified as exposed to lead (being a case or not). 
A comparison of the location of cases and non-cases 
could better identify common exposures. It is possible 
that a different study design (such as case control) may be 
more able to identify these associations, but that was not 
possible using the data available at this time.

Implications for public health management 
and interventions
The dominance of older housing (built before 1970) in 
England [30] suggests that the risk of lead exposure in 
children is likely to persist for some time. In the UK, the 
Housing Health and Safety rating system (HHSRA) [56] 
tool used by local authorities could potentially screen for 
the potential risk of lead exposure using a similar appro-
priate age of housing threshold (perhaps through Early 
Years intervention schemes, as has been instituted in 
other countries [57]) or take appropriate environmental 
samples to test for the presence of lead. A recent study 
in the US estimated 29.4% of homes contained lead 
based paint and that households receiving Government 
housing assistance had a lower prevalence of lead paint 
hazards [58] which suggests social housing is subject to 
lead checks. Awareness raising activities could consider 
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information provision advising on the dangers of leaded 
paint, renovation practices [45] and replacing leaded 
water supply pipes, in particular among younger families 
living in older housing.

Implications for further study
More accurate data are required regarding housing age 
and type for cases, across a larger and therefore more 
representative sample. Standardised case investigation 
questionnaires could incorporate information on resi-
dence characteristics as well as other exposures outside 
the home, e.g. extended families, child-care, schools, 
and nurseries. Alternative housing characteristics might 
also be explored as potentially better proxies for lead 
risk. Examples of these characteristics include a com-
bination of housing age and value (which takes into 
account renovation and repairs that reduce lead expo-
sure risk).

The likely under ascertainment of cases of raised BLC 
in England using LEICSS [2] and potential for bias in the 
sample is based on prevalence data from other coun-
tries. A prevalence study in England would not only pro-
vide more accurate data on BLC in children in England 
but could also collect further exposure data and inform 
future screening recommendations [59]. The power of 
both health and housing population-wide surveys, which 
in the US consists of the National Health and Nutrition 
Examination Survey [3] and the American Healthy Hous-
ing Survey, is that these surveys report data below blood 
lead reference values and paint, dust and soil lead levels 
below government standards. The recent lowering of the 
case definition for lead surveillance in England will result 
in an increase in cases reported to LEICSS [43] resulting 
in a larger sample size and a broader range of BLC. It is 
recommended to repeat the analysis to include the new 
cases.

Conclusions
This study suggests housing characteristics can indicate 
an increased risk for elevated BLC in children. Higher 
BLC was associated with cases living in housing built 
before 1976. BLC did not differ with type of housing in 
our model, but cases were more likely to be living in ter-
raced housing and less likely to live in flats (apartments) 
and detached properties than the national proportion. 
They were also more likely to reside in more deprived 
areas. There were significant yearly and regional differ-
ences in the levels of BLC in children. The small sample 
size may have limited stronger effects being found.

We recommend undertaking a more detailed investi-
gation of cases to better characterise potential sources 

including those in the home environment. The findings 
of this study may indicate avenues for public health inter-
ventions, by targeting housing risk factors associated 
with elevated BLC and primary prevention measures.
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