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ABSTRACT
Objective: This study has arisen in response to a lack of studies examining how farming affects mortality patterns across areas 
of Northern Ireland (NI) over a 10-year period. This paper aims to investigate whether agriculturally intensive electoral Wards 
have higher mortality rates compared to non-agriculturally based Wards, controlling for relevant factors.
Methods: The population census and farm census information was downloaded from the Northern Ireland Neighbourhood 
Service (NINIS) website to construct two original mortality-based datasets. Linear regression was used for the analysis.
Design: Decennial Ward-Level Influence of Demographic, Farming, and Economic Predictors on All-Cause Mortality.
Setting: Five hundred and eighty-two Ward areas of Northern Ireland.
Main Outcome Measure: Mortality risk within Ward areas.
Results: Findings showed larger amounts of natural log of the population, 65 to 100+ year-olds, limiting long-term illnesses, Farming 
Intensity Scores, residents living alone and full-time workers within Wards were predictive of mortality risk within those Wards.
Conclusions: This study is the first of its kind in NI to provide evidence for Farming Intensity Scores explaining the variation of 
mortality rates between areas, in addition to many of the usual predictors.

1   |   Introduction

Farmers have the highest mortality risk worldwide compared 
against other occupations [1]. In 2019, the Northern Ireland 
Statistics and Research Agency (NISRA) reported approximately 
75% of Northern Ireland's (NI's) landscape was utilised for ag-
ricultural purposes [2]. On a daily basis, farmers encounter an 
abundance of health and safety hazards, resulting in fatal and 
non-fatal farm accidents increasing annually [3, 4]. Therefore, 
this study's main research question hinges on whether demo-
graphic, farming, and economic predictors help resolve some 
of the unexplained variation of all-cause mortality risk in NI 
Wards (2001; 2011).

Young and colleagues [5] investigated self-rated health indi-
cators on mortality patterns between counties of the United 

Kingdom, using data from census-based longitudinal studies 
available for England, Scotland, Wales, and NI. NI results in-
dicated individuals with higher levels of disadvantage were 
5.4 times more likely to report poor health, and those with 
poor health were 2.7 times more likely to die than those re-
porting good health. Smyth and colleagues [1] investigated 
mortality trends of Irish farmers (15–64 years) against other 
occupational groups (2000–2006). Results demonstrated that 
agricultural workers (7.4 times) and farmers (5.1 times) re-
corded the highest all-cause mortality risk compared to other 
salaried employees (e.g. agents, contractors, insurance bro-
kers, sales representatives, etc.). Chan and associates [6] inves-
tigated sociodemographics on mortality rates in 458 countries 
with 100,000+ population (1998–2002). In line with previous 
research [5], results indicated death rates were substantially 
higher in countries with larger proportions of: 65+ year-olds, 
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lower education (25+ years old), near-poverty incomes, and 
farming occupations/activity.

Haan and colleagues [7] investigated the association between 
socio-economic status (SES) and all-cause mortality risk of 35+ 
year olds (n = 1811) within high poverty areas (over 9-years) using 
the Alameda County Study, California. They used poverty area 
to measure an area's low SES, derived from an individual's social 
and physical environment. Findings indicated that the populace 
of poverty areas had a RR 1.7 [1.2–2.44] times increased risk of 
death compared to non-poverty areas. Building on this research, 
Yen and Kaplan [8] investigated neighbourhood social environ-
ments on the 11-year risk of mortality (n = 1129) using census 
and area-level data from the Alameda County Study, California. 
Results matched those of Haan and collaborators [7] indicating 
deprived social environments within neighbourhoods in 1983 
had a RR 1.6 [1.15–2.18] times increased risk of mortality by 1994.

Earlier research has advocated for more data linkages across 
national population censuses and agricultural censuses at small 
area level to enhance the overall usefulness of such data within 
research [9]. Therefore, this study utilised the latest census in-
formation available (2001; 2011) from the Northern Ireland 
Neighbourhood Information Service (NINIS) to examine the 
links between farming activity and demographics on mortality 
risk (NISRA 2019). In addition, the current study expanded the 
outcome [10] and scope of predictors [11] utilised within previous 
research to reduce the amount of unexplained variation related 
to mortality risk which remains between small areas of NI. The 
current study was designed in response to the limited number of 
databases available [12] to investigate the wider socio-ecological 
[13] predictors of mortality risk within NI Wards [14].

Building on previous research, this study makes use of a novel 
composite measure of Farming Intensity to assess agricultural 

activity at electoral Ward level; based on aggregated numbers 
of farms, cattle, pigs, and poultry, alongside the proportion of 
farmers and agricultural grassland [15]. In addition, farming 
is a resource-dependent occupation where the health and well-
being of the farmer directly impact their ability to maintain 
an adequate income from agricultural production on their 
farm business. Previous research has indicated Gross Margin 
is the most commonly used indicator of agricultural economic 
size and farming capital within areas [16]. Therefore, Average 
Standard Gross Margin was utilised as a measure of farming 
profit at Ward level so that inferences could be made relating to 
an area's agricultural deprivation/affluence on mortality risk.

1.1   |   Research Hypotheses

This study hypothesised that farms, farmers, livestock, and 
arable variables are measuring the same underlying factor of 
Farming Intensity in 2001 and 2011. This composite Farming 
Intensity variable will be estimated and used to predict Ward-
level mortality risk. Holding all other covariates constant, the 
current study hypothesised that Wards with larger amounts 
of natural log of the population, 65 to 100+ year-olds, males, 
residents living alone, below degree qualifications, full-time 
workers, limiting long-term illnesses (LLTIs), unpaid carers and 
Farming Intensity Scores in a Ward will increase the risk of 
death within those Wards. Keeping all variables equal, this 
study hypothesised that Wards with higher multiple depriva-
tion rankings (or least deprived Wards) and greater farming 
profit (or agricultural affluence) will decrease the risk of mor-
tality within those Wards.

2   |   Methodology

2.1   |   Context of Study

Northern Ireland Neighbourhood Information Service (NINIS) 
is a web-based service that holds nationally representative 
Population Census and Farm Census information within its 
open data portal [2]. This data was publicly available, and eth-
ical approval was granted by the University Ethics Committee 
(2019). For this study, the two most recent population censuses 
available were utilised (2001; 2011) and the farm census data 
from the same years were compiled. The database set-up emu-
lated that of Luke and Krauss [17], converting all area-level vari-
ables into the proportion of their summed total. The 582 Wards 
of NI contained a wide range of population sizes, ranging from 
760 to 9500 residents. This study emulated the methodology of 
McGranahan [18] who rescaled population size at Ward level by 
converting it to a natural logarithm of the population score for 
each Ward and then used this variable as a covariate in their 
regression model.

2.2   |   Measures

All variables were extracted as counts at ward level taken from 
the 2001 and 2011 Censuses (Appendix S1) and different trans-
formations were performed to operationalise their usefulness 
(Appendices S2 and S3) [12].

Summary

•	 What is already known on this subject
○	 Farmers have the highest mortality risk worldwide 

compared with other occupations.
○	 Death rates were substantially higher in countries 

with larger proportions of: 65+ year-olds, lower ed-
ucation (25+ years old), near-poverty incomes, and 
farming occupations/activity.

○	 This study is the first of its kind to provide evidence 
for the role of Farming Intensity Scores and related 
area-level predictors as explanatory measures for 
area-level mortality rates.

•	 What this paper adds
○	 Population and Farm Census data were used to 

compile two mortality-based datasets for the 2001 
and 2011 population decennial periods in Northern 
Ireland.

○	 Farms, farmers, livestock, and arable variables were  
measured using a latent construct of Farming Intensity.

○	 Agricultural Wards had higher mortality rates com-
pared with non-farming Wards in Northern Ireland, 
and potential explanatory factors are described.
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2.2.1   |   Deaths

The outcome variable was the total number of deaths recorded over 
a 12-month period. The causes of death included in this variable 
were: malignant neoplasms C00-C97 (e.g. cancers, etc.); circula-
tory diseases I00-I97 (e.g. heart disease, stroke, blood clots, etc.); 
respiratory diseases J00–J99 (e.g. pneumonia, asthma, bronchitis, 
influenza, etc.); and external causes V01–Y98, X60–X84, Y10–
Y34, Y87.0, Y87.2 (e.g. road traffic accidents, falls, suicide, unde-
termined intent, fires, poisoning, assault etc.). The death variable 
for each ward remained in its raw form as a count.

Ward Population was the total number of people living in each 
Ward, and its natural log was calculated.

Age was recorded as an individual's age on their last birthday 
before Census day. The age variable was operationalised as the 
proportion of people in each Ward aged 65 to 100+ years old.

Gender was likewise operationalised from individual Census 
data as the proportion of males in each Ward.

Marital Status represented a person's legal marital status on 
Census day. It was operationalised as the proportion of Ward 
residents aged 16+ living alone (summed single, separated, di-
vorced, and widowed).

Qualifications represented the highest level of education ob-
tained by Census day. It was again recorded as the proportion of 
Ward residents aged 16 and over with below degree level qualifi-
cations (summed no qualifications, NVQ Levels 1–3, apprentice-
ships, and others).

Limiting Long-Term Illness (LLTI) represented a combination of 
six physical and five mental health conditions. This variable was 
coded as the proportion of Ward residents who reported having 
an LLTI or disability lasting, or expected to last, a minimum of 
12 months from Census day.

Unpaid Carers was coded as the proportion of residents aged 
16+ who were providing any unpaid care (1+ h) weekly.

Hours Worked Weekly was recorded as the proportion of Ward 
residents aged 16–74 years working full-time (31+ h) weekly in 
their main job, the week before the Census enumeration, includ-
ing paid and unpaid overtime.

Northern Ireland Multiple Deprivation Measure (NIMDM) reflected 
the overall weighted score across seven deprivation domains; 2005 
and 2010 NIMDM variables were utilised within datasets. NIMDM 
ranked areas from most deprived (1) to least deprived (582) Wards.

Average Standard Gross Margin (SGM) represented the annual 
farming profit earned from arable and/or livestock produc-
tion per Ward. In 2011, Average SGM changed to the Average 
Standard Output (SO) within the Farm Census, which calcu-
lated the average number of on-farm hours worked annually 
per Ward [19]. In line with previous research [16], an approx-
imate equivalence was assumed by including the 2001 and 
2010 SGM information within datasets as a proxy for farm 
profit where one unit equals €1000 [2]. SGM (or farm profit) 

was calculated using the farm business revenue minus costs 
of farm activities equating to profits at Ward level. The 2001 
and 2010 farm profit variables remained unchanged in their 
count form per Ward.

Farming Intensity was computed as a composite factor score for 
each Ward using six indicator items from the Farm Census [19]. 
Farming Intensity represented the proportions of farmers and 
grass-based farming per Ward, alongside the total number of 
farms, cattle, pigs, and poultry per Ward.

Farms represented the total number of active agricultural hold-
ings per Ward from the Farm Census. Active farms were defined 
as spatial units encapsulating 1+ hectares of farmland used for 
crops and/or livestock production. Farms remained as a count 
per Ward.

Agricultural Labour represented the total number of active 
farmers (16+ years old) employed within the agricultural in-
dustry for 20 (39%) or more weeks per year. This study merged 
farmers, spouses, and other farm workers to create the summed 
total of agricultural labourers (hereafter referred to as farmers) 
per Ward from the Farm Census. The total number of farmers 
was converted into its proportion relative to the total population 
over 16 years old per Ward.

Grass represented the total grass-based farming in hectares 
per Ward, excluding rough grazing, farm woodlands, and non-
agricultural land in the Farm Census. It was converted into the 
proportion of grass in hectares relative to the total hectare area 
farmed per Ward.

Cattle represented the total number of cattle in each Ward from 
the Farm Census.

Pigs represented the total number of pigs per Ward from the 
Farm Census.

Poultry represented the total number of poultry in each Ward 
from the Farm Census.

The livestock variables (number of cattle, pigs, and poultry 
within each Ward) were rescaled from large continuous vari-
ables into four-level categorical variables (Scored 0–3). Wards 
holding a total of 0–3 of any livestock were recoded as 0 to rep-
resent none of that animal within that Ward. The remaining 
amount of each livestock variable was divided by three to create 
equally banded categories across Wards, representing small (1), 
medium (2), and large (3) quantities of that animal per Ward.

2.3   |   Statistical Analysis

The outcome variable (number of deaths per Ward) was treated 
as continuous within a linear regression analysis. Other vari-
ables had extremely large values. Therefore, farms, grass, living 
alone, and farming profit variables were rescaled by dividing 
them by 10, and deprivation ranks were divided by 100 in order 
to rescale their large variances [20]. Standardised results were 
reported throughout this paper for the purpose of comparison. 
Mplus 8.1 was used to conduct the initial confirmatory factor 
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analysis (CFA) of farming-related variables [21]. Maximum like-
lihood with robust standard errors (MLR) was performed, as the 
model contained both continuous and categorical indicators. 
MLR also provided unbiased estimates by efficiently handling 
non-normally distributed data. Factor scores were computed for 
Farming Intensity using the refined regression method [22] and 
were saved for use as a predictor of mortality in the subsequent 
multiple linear regression.

3   |   Results

3.1   |   Factor Model

The 2001 goodness of fit result was: x2 (6, N = 582) = 29.371, 
p < 0001, CFI = 0.987, RMSEA = 0.082 (90% CI [0.054–0.112]), 
SRMR = 0.018. In 2011, the goodness of fit result was: x2 (6, 
N = 582) = 8.578, p > 0.05, CFI = 0.998, RMSEA = 0.027 (90% 
CI [0.000–0.065]), SRMR = 0.011. CFA results indicated the 
Farming Intensity model (Table  1) comprising farms, farmers, 
grass, cattle, pigs and poultry accompanied by three correlated 
residuals can be accepted in 2001 and 2011. Estimated factor 
loadings were similar and above 0.7 for 2001 and 2011.

3.2   |   Regression Model

Descriptive statistics for each variable are available within the 
Supporting Information. Linear regression was used to ex-
amine the unique effects of all 11 covariates on deaths within 
Wards (n = 582) both years (Table 2). Holding all other predictor 
variables constant, results indicated that a 1-unit change in the 
natural log of the population resulted in an increase in the death 
rates in these Wards for both years. Keeping all other predictors 
equal, results indicated that a 1% change in 65 to 100+-year-olds 
resulted in an increase in the mortality rates in these Wards for 
both years. Holding all other predictor variables constant, re-
sults indicated that a 1% change in affirmative LLTIs resulted 

in an increase in the death rates in these Wards for both years. 
Keeping all other predictors equal, results indicated that a 1-
unit change in Farming Intensity Scores resulted in an increase 
in the mortality rates in these Wards for both years.

Holding all other predictor variables constant, results indi-
cated that a 1% change in living alone resulted in an increase 
in the death rates in 2011 Wards. Keeping all other predictors 
equal, results indicated that a 1% change in full-time workers re-
sulted in an increase in the mortality rates within 2011 Wards. 
Holding all other predictor variables constant, results indicated 
that a 1% change in below degree qualifications resulted in a 
decrease in the death rates in these Wards both years. Keeping 
all other predictors equal, results indicated that a 1% change in 
unpaid carers resulted in a decrease in the death rates in these 
Wards; but results may have occurred by chance both years.

Holding all other predictor variables constant, results indicated 
that a 1-unit change in farming profit resulted in a decrease in 
the death rates in these Wards; but results may have occurred 
by chance both years. Keeping all other predictors equal, results 
indicated that a 1 rank change in deprivation resulted in a de-
crease (2001) and an increase (2011) in the death rates in these 
Wards; but results may have occurred by chance both years. 
Holding all other predictor variables constant, results indicated 
that a 1% change in males resulted in a decrease in the death 
rates in these Wards; but results may have occurred by chance 
both years. The r-square for models 2001 and 2011 was the same 
(R2 = 0.660 and 0.662, respectively).

4   |   Discussion

4.1   |   Factor Model

CFA results yielded reasonable model fit for 2001 and 2011 data-
sets; furthermore, all factor loadings and correlated residuals 
of the six items were statistically significant. Cattle were the 

TABLE 1    |    Standardised CFA results of Farming Intensity in 2001 and 2011.

Farming Intensity

2001 2011

Loading S.E. z p value Loading S.E. z p value

Indicators

Cattle 0.967 0.008 125.634 0.000 0.964 0.010 96.853 0.000

Farmers 0.888 0.013 69.922 0.000 0.897 0.013 70.259 0.000

Farms 0.871 0.011 78.469 0.000 0.885 0.014 64.678 0.000

Poultry 0.877 0.013 68.388 0.000 0.782 0.023 34.144 0.000

Grass 0.748 0.020 36.805 0.000 0.756 0.020 38.200 0.000

Pigs 0.709 0.025 28.015 0.000 0.699 0.028 24.581 0.000

Residual Correlations

Farms WITH Farmers 0.759 0.037 20.487 0.000 0.712 0.054 13.225 0.006

Grass WITH Cattle 0.734 0.045 16.303 0.000 0.807 0.042 19.050 0.000

Farms WITH Cattle 0.158 0.043 3.642 0.000 0.151 0.055 2.722 0.000

Note: p values in bold represent p < 0.05 statistical significance.
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strongest indicator of Farming Intensity in both years, empha-
sising the importance of livestock farming within agriculturally 
saturated Wards. Farmers and farms were the second strongest 
indicators of Farming Intensity in both years, emphasising the 
importance of farmland and labour efficiency within the model. 
Therefore, CFA results supported the Farming Intensity hypoth-
esis, as the model (farms, farmers, grass, cattle, pigs, poultry) 
measured the same underlying construct in 2001 and 2011 
Wards consistently.

4.2   |   Regression Model

As expected, current results showed that the natural log of the 
population was the strongest predictor of death risk in both 
years (approximately twice the predictor of death risk of age). 
However, it was calculated from the Ward population variable; 
therefore, its strength can be ignored as the findings were sim-
ply the function of risk exposure each Ward had to mortality 
[18]. Current results indicated 65 to 100+-year-olds were the 
real strongest predictor of death risk in Wards in both years. 
As hypothesised, these results match those observed in earlier 
studies and provide evidence that areas with larger amounts of 
residents aged 65 to 100+ years old have a higher risk of death 
compared to areas with more occupants aged under 64 years old 
[5, 6]. Current findings are supported by NI national statistics 
reporting that a majority of deaths occurred within those over 
65 years old in 2001 (87%) and 2011 (80%) [2].

LLTI was the second strongest predictor of death risk in Wards 
in both years. As hypothesised, current results provide evidence 
that areas with larger amounts of inhabitants experiencing 
LLTIs have a higher risk of mortality in both years compared to 
areas with more dwellers reporting no LLTIs. These findings are 
in line with previous research concluding that areas with larger 
amounts of affirmative LLTIs have three times the higher risk 

of mortality [5]. Current results showed Farming Intensity Scores 
were the third strongest predictor of mortality risk in Wards in 
both years. As hypothesised, results provide evidence that areas 
with larger amounts of agricultural activity have a higher risk of 
death in both years compared to areas with greater scores in no 
agricultural activity.

Current results demonstrated that the physical environment 
(farming intensification) of Wards has a significant influence 
on the interaction between lower SES areas and increased death 
risk [1, 6, 7, 23]. Current results agree with Yen and Kaplan [8], 
who concluded that those living in low SES areas had a 58% in-
creased likelihood of dying compared to those living in high SES 
areas. Likewise, the simultaneous decrease in farmers, farms, 
and mortality rates longitudinally supports the need for the 
current research [2]. Previous research has provided plausible 
explanations for this pattern of findings, concluding that Ward-
level agricultural work operates additively to premature death 
risk via lower status work, job stressors, nonstandard employ-
ment, workplace hazard exposures, and workplace contextual 
factors [24].

Current results indicated living alone was a non-significant pre-
dictor of death in 2001 Wards and a statistically significant pre-
dictor of death in 2011 Wards. As hypothesised, current 2011 
findings are in line with those of previous research and provide 
evidence that areas with larger amounts of people living alone 
have a higher risk of mortality compared to areas with more 
dwellers cohabiting. Current 2011 results are supported by ear-
lier research concluding that living alone was a strong psycho-
social risk factor of mortality as it creates a sense of isolation 
[8], while its secondary effects (e.g. poor health behaviours, etc.) 
increase the risk of LLTIs (which are also strong risk factors of 
mortality) [25]. Current 2001 results disagree with those ob-
tained in previous research; this may have occurred because in 
2001 there were 629 128 residents living alone (single, separated, 

TABLE 2    |    Standardised regression results for Ward-level demographics, farming, and economic predictors on death in 2001 and 2011.

Covariates

2001 2011

β S.E. z p value β S.E. z p value

Natural log of the population 0.651 0.030 21.452 0.000 0.704 0.034 20.430 0.000

Aged 65 to 100+ 0.370 0.044 8.455 0.000 0.404 0.050 8.026 0.000

LLTI 0.379 0.067 5.655 0.000 0.356 0.071 5.030 0.000

Farming intensity scores 0.097 0.041 2.400 0.016 0.090 0.041 2.195 0.028

Living alone 0.033 0.054 0.620 0.535 0.248 0.054 4.555 0.000

Full-time hours 0.015 0.033 0.461 0.645 0.084 0.027 3.042 0.002

Below degree −0.169 0.041 −4.094 0.000 −0.152 0.046 −3.331 0.001

Unpaid carers −0.056 0.035 −1.581 0.114 −0.051 0.033 −1.541 0.123

Farming profit −0.018 0.030 −0.598 0.550 −0.027 0.030 −0.881 0.378

Multiple deprivation −0.011 0.058 −0.191 0.849 0.107 0.065 1.656 0.098

Males −0.009 0.040 −0.232 0.816 −0.028 0.034 −0.824 0.410

Model R-squared 0.660 0.023 28.855 0.000 0.662 0.023 29.082 0.000

Note: p values in bold represent p < 0.05 statistical significance.
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divorced, widowed). However, by 2011 the total number of peo-
ple living alone increased by 20% (n = 749 466) across Wards [2].

Current results showed the full-time worker variable was a 
non-significant predictor of death risk in 2001 Wards and a 
statistically significant predictor of death risk in 2011 Wards. 
As hypothesised, 2011 results match those observed in earlier 
studies and provide evidence that areas with larger amounts of 
residents working full-time (31+ h) weekly have a higher risk of 
death compared to areas with more occupants working part-time 
(1–30 h) weekly. Consistent with the findings of Wong et al. [26], 
a plausible explanation for the 2011 results is that unsociable 
hours may result in a poor work-life balance, increasing the risk 
of morbidities (e.g. chronic fatigue; injury; poor physical/mental 
health, etc.) and mortality.

Current results indicated that below degree qualifications were a 
statistically significant protector against mortality risk in Wards 
in both years. Surprisingly, current findings showed that areas 
with larger amounts of inhabitants with above degree qualifi-
cations have a higher risk of mortality compared to areas with 
more dwellers reporting below degree qualifications. Below de-
gree results failed to support the hypothesis in both years as 
findings were the reverse of what was hypothesised and con-
tradicted previous research [27]. Current results diverge from 
those obtained in previous research presumably due to: (i) above 
degree qualifications increasing by 2% between 2001 and 2011; 
and (ii) approximately 65% of the NI population living in the 
54% of Wards classified as urban areas [2] and this high urban 
population density may have skewed the direction of the results. 
In addition, one could infer that low income farms forced some 
farmers to obtain off-farm work (requiring an above degree qual-
ification), resulting in farmers working simultaneously on the 
farm and in their off-farm positions, which increased the above 
degree risk of mortality [26].

Current results indicated unpaid carers was a non-significant 
protector against mortality in Wards both years. Unexpectedly, 
these results indicated areas with larger amounts of no unpaid 
carers have a higher risk of mortality compared to areas with 
more dwellers providing 1+ h of unpaid care; but findings were 
not generalizable to the population. Unpaid carers failed to 
support its hypothesis both years, as results were the reverse 
of what was hypothesised [28]. Despite being non-significant, 
the direction of these results dovetail with those obtained by 
other researchers concluding that caregiving was associated 
with reduced mortality risk [29]. Current results may have oc-
curred as approximately 35% of the population live in rural areas 
where the impact of caregiving on mortality risk may differ by 
societal contexts (farming households generally provide inter-
generational unpaid care) [2].

Current results showed farming profit was a non-significant 
protector against mortality in Wards both years. These results 
indicated areas with larger amounts of farming profit have a de-
creased risk of death compared to areas with lower amounts of 
farming profit. Like Yen and Kaplan [8] these findings demon-
strate Ward-level income contributes to an area's risk of death, 
but results may have occurred by chance and failed to support 
its hypothesis both years. Current non-significant results in-
dicated areas ranked least deprived (582) had a lower risk of 

death (protective) in 2001 and had a greater risk of death (pre-
dictive) in 2011 compared to areas ranked the most deprived (1) 
both years. Despite 2011 results being reasonable theoretically, 
deprivation failed to support its hypothesis both years, as results 
may have occurred by chance and were not generalisable to the 
population. Current results contradict (2001) and support (2011) 
previous research concluding that increasing levels of disadvan-
tage were associated with an increased risk of mortality at area 
level [30].

Current results showed males were a non-significant protector 
against mortality in Wards both years. Current results contra-
dicted previous research [7] showing Wards with larger amounts 
of female populace had a higher risk of mortality compared to 
areas with larger male dwellers. Therefore, males failed to sup-
port their hypothesis both years as results were the reverse of 
what was hypothesised and may have occurred by chance. These 
results may have occurred due to higher female deaths observed 
in both years; 2001 reported 7506 female deaths (male = 7007) 
and 2011 reported 7286 female deaths (male = 6918) [2].

4.3   |   Future Direction

Building on previous research, future researchers should in-
vestigate (2001, 2011, 2022) if the relationship between exoge-
nous variables (natural log of the population; below degree) to 
death may be strengthened if intercepted by three mediating 
variables (LLTI's, full-time hours, unpaid carers) within Wards 
both years. Likewise, future researchers should investigate if 
the relationship between exogenous variables (65+ year olds, 
males, living alone, deprivation, farming profits) to death may 
be strengthened if intercepted by four mediating variables 
(Farming Intensity Scores, LLTI's, full-time hours, unpaid car-
ers) within Wards in both years. Multiple group analysis should 
be used to cross-validate these cause-and-effect relationships re-
lating to death between Census years [14].

4.4   |   Strengths and Weaknesses

As a result of this study analysing aggregated data, research-
ers must be cautious not to make an ecological fallacy during 
the interpretation of findings [31]. A lesser known feature of 
NINIS data was its ability to create new datasets at Ward level 
[2] linking multi-source information using geographical indica-
tors to conduct new neighbourhood effects research across NI. 
Building two original datasets was free, fast, and it rebuilt the 
current information's utility [32]. As NINIS data was spatially 
aggregated, a small degree of information loss exists due to 
NISRA aggregation procedures [2].

This study applied an interdisciplinary approach to push health 
science outside its discipline to address new transdisciplinary 
research questions (agro-ecological science). These new 
datasets have the resources to detect health inequalities and 
mortality patterns that may otherwise remain undiscovered. 
Ward-level data was appropriate for this study as individual-
level data cannot fully portray neighbourhood social envi-
ronmental dimensions [33]. NINIS aggregated area-level data 
provide benefits of efficiency and power. Conclusions drawn 
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from these multiple data sources are firmer and reduce the risk 
of error, in contrast to those drawn from only a single source.

5   |   Conclusions

This study is based on a socio-ecological model which ad-
dresses, amongst others, agro-ecological questions especially 
in relation to area-level Farming Intensity. This study's results 
(replicated on two occasions) improve our understanding of 
the key drivers of Ward-level mortality risk using available de-
cennial data [12]. Current results provide evidence in 2001 and 
2011 that the natural log of the population, 65 to 100+ year olds, 
LLTIs, and Farming Intensity Scores directly account for some 
of the variation in deaths between Wards of NI. Results provide 
evidence in 2011 that living alone and full-time hours directly 
account for some of the variation in deaths between Wards of 
NI. In line with earlier area-level research, results support the 
aggregated interpretation that higher levels of farming activ-
ity within a Ward increase the risk of mortality within those 
Wards. In conclusion, this research is the first of its kind in NI to 
provide additional support for the use of aggregated area-level 
data in explaining variation of mortality rates between areas.

The current study provides strong evidence that the linkage of 
population censuses with agricultural censuses from the NINIS 
data warehouse has a variety of benefits for NI [12], more than 
just being able to release nationally representative summary 
statistics earlier; it also facilitates a wide range of research pur-
poses. This study will encourage future researchers to merge 
the newest 2022 census information (once it is available online) 
with the current datasets to facilitate new 2022 cross-sectional 
and longitudinal research questions (2001–2011-2022) within NI 
wards. Future investigators could use this paper's methodology 
of Farming Intensity Scores as a contextual mechanism to in-
vestigate whether agriculturally saturated wards have a higher 
mortality risk than non-agriculturally wards of NI (2001; 2011; 
2022). Moreover, inter-disciplinary researchers could replicate 
these datasets for a comparative analyses at a small area level 
between countries (using NI, England, Scotland, Wales, or any 
European country that collects agricultural census informa-
tion). Results from this research would allow identification of 
agricultural areas with higher risk mortality and tailoring of 
educational strategies in targeted areas to help reduce farmers' 
injuries and death.
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