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Abstract

Objectives: No study has yet investigated the association between intelligence quotient (IQ) and disability [i.e., difficulties in activities of daily living (ADL) or instrumental activities of daily living (IADL)] in the general population. The goal of this nationally representative study was to therefore analyze the potential IQ-disability relationship in England, and to identify influential factors in this association.
Methods: Cross-sectional data were analyzed from the 2007 Adult Psychiatric Morbidity Survey (n=6872). IQ was assessed using the National Adult Reading Test (NART), a test that consists of a list of 50 words and is scored by counting the number of errors made in reading out the words. Disability was defined as having difficulties in at least one of the seven domains of ADL and IADL. Regression and mediation analyses were conducted to analyze the association between IQ and disability, and to identify potential factors involved in this relationship. 
Results: The prevalence of disability increased from 27.7% in the IQ 120-129 group to 51.0% in the IQ 70-79 group. After adjusting for sex, age and ethnicity, compared to those with IQ scores of 120-129, scores of 110-119, 100-109, 90-99, 80-89, and 70-79 were associated with 1.22 [95% confidence interval (CI): 1.01-1.48], 1.42 (95%CI: 1.16-1.72), 1.86 (95%CI: 1.54-2.25), 2.41 (95%CI: 1.92-3.03), and 4.71 (95%CI: 3.56-6.17) times higher odds for disability, respectively. In addition, there was a positive association between a one SD decrease in IQ and disability (odds ratio=1.53, 95%CI: 1.43-1.63). Finally, income (mediated percentage=26.9%), social class (18.0%) and qualification (11.6%) were the strongest influential factors involved in the relationship between IQ and disability, and these socioeconomic factors collectively explained 37.1% of the association.
Conclusions: There was a positive association between low IQ and disability in England, and socioeconomic status explained more than one-third of this relationship.
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Introduction

More than one billion people were affected by some form of disability in the world in 2018 [1]. Because of population ageing and the increasing burden of chronic conditions, the worldwide prevalence of disability is likely to rise in the next decades. Disability is associated with unmet health care needs [2], impaired quality of life [3] and mortality [4]. Therefore, identifying new risk factors for disability is a public health priority.

To the best of our knowledge, to date, there are no studies investigating the association between intelligence quotient (IQ) and disability [i.e., difficulties in activities of daily living (ADL) or instrumental activities of daily living (IADL)] in the general population, despite the fact that previous research has shown that low IQ has a major impact on health. For example, a longitudinal study showed that low IQ was a significant predictor of early mortality in a US population sample followed for several decades, and this association was largely explained by socioeconomic status [5]. Another study conducted in North East Scotland found that low mental ability at age 11 years was a risk factor for decreased functional independence at age 77 years [6]. Finally, there was a positive correlation between IQ and quality of life in a sample of almost 100 elderly patients [7]. It is possible that IQ may lead to disability via structural changes in the brain [8], while several socioeconomic factors (e.g., income [9,10], social class [11,12], education [10,13]) may also play an important mediating role in the IQ-disability relationship. 

Given the lack of studies on IQ and disability, and the fact that disability is increasingly common in the UK [14], the goal of this nationally representative study was to investigate the association between IQ and disability in the English general population, and to quantify the extent to which this relationship can be explained by socioeconomic, physical, behavioral, and psychosocial factors.

Methods

Study participants
This study used data from 7403 people who participated in the 2007 Adult Psychiatric Morbidity Survey (APMS). Full details of the survey have been published elsewhere [15,16]. Briefly, this was a nationally representative survey of the English adult population (aged ≥16 years) living in private households. The National Center for Social Research and Leicester University undertook the survey fieldwork in October 2006 to December 2007 using a multistage stratified probability sampling design where the sampling frame consisted of the small user postcode address file, while the primary sampling units were postcode sectors. Participant information was obtained through face-to-face interviews where some of the questionnaire items were self-completed (with the use of a computer). Sampling weights were constructed to account for non-response and the probability of being selected so that the sample was representative of the English adult household population. The survey response rate was 57%. Ethical permission for the study was obtained from the Royal Free Hospital and Medical School Research Ethics Committee. All participants provided informed consent before their inclusion.

Measures
Intelligence quotient (independent variable)
Verbal IQ was estimated using the National Adult Reading Test (NART). The NART, a brief measure administered only to native English speakers and widely used in the world, consists of a list of 50 words and is scored by counting the number of errors made in reading out the words [17]. The reliability of the NART has been assessed by a split-half technique (Cronbach α) which gave a reliability coefficient of 0.93 compared with the Wechsler Adult Intelligence Scale (WAIS). Previous research has also shown that NART scores are largely unaffected by psychiatric and neurological disorders, underlying the interest of this test in the context of the 2007 APMS [17]. There were 531 participants who were not administered the test (e.g., English not their first language, eyesight problems, dyslexia, refusal). The scores ranged from 70 to 130, and this variable was analyzed as a continuous (scores based on standard deviations), six-category (i.e., 70–79, 80–89, 90–99, 100–109, 110–119, 120–129) or dichotomous variable (i.e., ≤102.5, >102.5; 102.5=mean IQ of the weighted sample) [17]. Verbal IQ is referred to as IQ in this manuscript for the sake of brevity.

Disability (dependent variable)
Disability was assessed with seven questions about difficulties in ADL and IADL. Specifically, these questions were on personal care, getting out and about or using transport, medical care, household activities, practical activities, paperwork, and managing money (see Appendix 1 for details). Disability was used as a binary variable (at least one difficulty in one of the seven ADL/IADL domains: yes or no). 

Control variables
The present study controlled for sex, age and ethnicity (British White: yes or no).

Influential variables
These variables were selected from past literature [9–13,18–29].
Sociodemographic factors. These variables included marital status (married/cohabiting or single/widowed/divorced/separated), qualification (i.e., degree, non-degree, A-level, GCSE, other: yes or no), social class (i.e., professional occupations, managerial and technical occupations, skilled occupations – non-manual, skilled occupations – manual, partly skilled occupations, unskilled occupations, armed forces), and income (highest ≥£29826, middle £14057–<£29826 or lowest <£14,057; equivalized income tertiles). 
Obesity. Body mass index (BMI) was calculated as weight in kilograms divided by height in meters squared based on self-reported weight and height. Using the standard World Health Organization (WHO) definition, obesity was defined as ≥30 kg/m2.
Smoking status. Smoking was assessed by the question “Have you ever smoked a cigarette?” with answer options “yes” or “no”.
Alcohol dependence. Excessive alcohol consumption was screened using the Alcohol Use Disorders Identification Test (AUDIT). Alcohol dependence was assessed with the Severity of Alcohol Dependence Questionnaire (SADQ-C) in participants with an AUDIT score of 10 or above. Scores of four or above indicated alcohol dependence in the past six months [17].
Drug use. Each individual was asked if he/she had used in the past year one of the following drugs: cannabis, amphetamines, cocaine, crack, ecstasy, heroin, acid or LSD, magic mushrooms, methadone or physeptone, tranquilizers, amyl nitrate, anabolic steroids, and glues. Those who consumed any of these drugs were considered to be drug users.
Social support. This was assessed with a 7-item measure. Using answer options “not true” (score=0), “partly true” (score=1), and “certainly true” (score=2), participants responded to statements which inquired if family and friends did things to make them happy, made them feel loved, could be relied on no matter what, would see that they were taken care of no matter what, accepted them just the way they are, made them feel an important part of their lives, and gave them support and encouragement. Responses were added to create a scale score that could range from 0 to 14. The internal consistency of the scale was good: Cronbach’s a=0.89.

Statistical analyses
Differences in the sample characteristics by disability (absent versus present) and IQ (≤102.5 versus >102.5) were tested with Chi-squared tests for categorical variables and Student’s t-tests for continuous variables. 
We conducted logistic regression analyses to assess the association between IQ (independent variable: continuous and six-category variable) and disability (dependent variable). These analyses were adjusted for sex, age and ethnicity. Sex and ethnicity were included as categorical variables in the model, while age was included as a continuous variable. 
A mediation analysis was further conducted to assess the specific contribution of each potential influential factor in the association between IQ and disability. The khb (Karlson Holm Breen) command in Stata was used for this analysis. This method can be applied in logistic regression models and decomposes the total effect of a variable into direct and indirect effects. Using this method, the percentage of the main association explained by the influential factor can also be calculated (mediated percentage). The mediation analysis was adjusted for sex, age and ethnicity.
The sample weighting and the complex study design were taken into account in all analyses. The level of statistical significance was set at p <0.05. All analyses were performed with Stata version 13.1 (Stata Corp LP, College Station, Texas, USA).

Results

This study included 6872 participants [mean age (SD) 46.9 (18.9) years; 51.8% of women]. The prevalence of disability was 32.5% in the overall sample, and mean IQ (SD) was 102.4 (15.4). The characteristics of the population are shown in Table 1. Single/widowed/divorced/separated, no qualification, low income, obesity, and smoking were significantly more common among those with a disability or low IQ, while social support was also lower in these two groups. The prevalence of disability increased from 27.7% in the IQ 120-129 group to 51.0% in the IQ 70-79 group (Figure 1). After adjusting for sex, age and ethnicity, compared with those with IQ scores of 120-129, scores of 110-119, 100-109, 90-99, 80-89, and 70-79 were associated with 1.22 [95% confidence interval (CI): 1.01-1.48], 1.42 (95%CI: 1.16-1.72), 1.86 (95%CI: 1.54-2.25), 2.41 (95%CI: 1.92-3.03), and 4.71 (95%CI: 3.56-6.17) times higher odds for disability, respectively (Figure 2). In addition, there was a positive association between a one SD decrease in IQ and disability [odds ratio (OR)=1.53, 95%CI: 1.43-1.63; data only shown in the text). Finally, income (mediated percentage=26.9%), social class (18.0%) and qualification (11.6%) were the most influential factors in the relationship between IQ and disability (Table 2). Collectively, these socioeconomic factors explained 37.1% of the association (data only shown in text).

Discussion

Main findings
We found in this nationally representative study including almost 6900 adults from England that the prevalence of disability ranged from around 28% in the IQ 120-129 group to 51% in the IQ 70-79 group. Furthermore, after adjusting for sex, age and ethnicity, there was a significant and negative association between IQ and disability. Finally, approximately 37% of the association between IQ and disability was explained by socioeconomic status (i.e., income, social class, qualification). To the best of our knowledge, this is the first study that investigates the association between IQ and disability (i.e., difficulties in ADL and IADL) in the general population. 

Interpretation of the findings
In line with previous studies showing that socioeconomic factors are major mediators in the association between IQ and health, we observed that these factors explained a substantial share of the IQ-disability relationship. A meta-analysis of 16 studies found that a one SD increase in cognitive test scores undertaken in youth led to a 24% lower risk of all-cause mortality later in life, and that controlling for adult socioeconomic status significantly attenuated the association by 34% [30]. A study conducted among more than 700 individuals from Luxembourg further revealed that childhood intelligence positively predicted functional, subjective and physical health in adulthood, and that this association was entirely mediated by socioeconomic status and education [31]. Finally, it was reported in an UK cohort of more than 17,000 participants followed for several decades that the adjustment for markers of socioeconomic position reduced the strength of the association between high cognitive ability in childhood and healthy diet in adulthood [32]. 

Low IQ may have a substantial impact on several socioeconomic factors. Previous research showed that cognitive ability at age 11 was correlated with educational achievement at age 16, and accounted variances ranged from 58.6% in Mathematics to 18.1% in Art and Design [13]. IQ at age 12 was further found to have significant effects on occupational status and individual income 40 years later, and between 32% and 48% of this association was mediated by education [33]. Moreover, in a large cohort of Norwegian men, those with low IQ (below 85) were found to have a 4.1-fold increased risk for dropping out of work before the age of 35, and this risk was multiplied by three in the presence of mental health problems [34]. In addition, a study conducted among older persons in China suggested that attending primary school protected against the transition from no disability to disability, and this relationship may have involved a high level of leisure activities [35]. Furthermore, it was observed in another study that four socioeconomic factors (i.e., personal income, average income for the area, income inequality for area, education) significantly predicted disability in several domains (i.e., self-care, hearing, vision, ambulatory function, cognitive function, independent living) [10]. The income-disability relationship may be explained by barriers to care, unhealthy behaviors and perceived stress, while educated individuals may be less likely to develop disability because of a better understanding of health information and the making of informed decisions regarding health.
 
That being said, more than 60% of the association between intelligence and limitations in ADL and IADL was not explained by these socioeconomic factors. Moreover, the other variables included in the mediation analysis (i.e., marital status, obesity, smoking status, alcohol dependence, drug use, social support) explained less than 10% of this relationship. Thus, it is likely that IQ has a direct effect on disability or that there are other mediators which were not assessed in this current study. For example, physical injuries may be an important mediator in the association between IQ and disability. One cohort study including more than 1,109,000 Swedish men found that a one SD decrease in IQ in early adulthood led to a 1.15-fold increase in the risk of any unintentional injury [36]. This association may involve lower processing skills, lack of psychomotor coordination and unhealthy behaviors. On the other hand, the prevalence of impairments and disabilities is high in survivors of severe physical injuries [37]. Besides, we believe that several unhealthy behaviors not available in the 2007 APMS dataset may be key players in the IQ-disability relationship. It was observed in a cohort from the UK that childhood mental ability was significantly associated with adulthood dietary patterns, and that children with low IQ were less likely to consume vegetables or fruits and were more likely to have a higher intake of chips, cakes or biscuits later in life than those with high IQ [32]. Moreover, a recent French cohort study including elderly persons living in the community showed that, compared with an healthy diet, eating biscuits and snacking led to an increase in the subsequent risk of restricted mobility and IADL limitations in men and of ADL limitations in women [38]. Regarding physical activity, another longitudinal study with approximately 5300 participants found that there was a positive relationship between youth IQ and moderate cardiovascular activity and strength training at middle age [39], while doing exercise or playing sports protected against the risk for ADL difficulties in a five-year survey conducted in Japan [40].

Clinical implications and directions for future research
We found that people with low IQ may be at a particular risk for disability and ADL and IADL limitations. Before going further, one has to bear in mind that IQ is rarely assessed in the general adult population. Nevertheless, this score is frequently measured in youths with developmental problems and adults affected by psychiatric conditions. One key measure to prevent disability in low IQ individuals is to act on education and to allow these individuals to receive appropriate health-related information even if they do not attend high school or college. In addition, people with low cognitive abilities should be offered employment suited to their skills, and they should be regularly followed by occupational physicians. Regarding future research, studies of longitudinal design are warranted to corroborate our results. Additional analyses are also needed to investigate the potential influential factors that were not available in the dataset used in this study (e.g., physical injury, dietary behavior, physical activity). Finally, randomized controlled trials should be conducted to assess the effects of educational interventions on the risk of disability in people with low IQ. These educational interventions may be implemented at different levels (e.g., individual, community), while these programs may rely on various channels (e.g., booklets, face-to-face, internet) [41].

Strengths and limitations
The use of nationally representative data and the large sample size are two strengths of this study. However, although these findings are of particular interest, there are several limitations that should be acknowledged. First, verbal IQ, which was measured with the NART, was used as a proxy of intelligence, and other components (e.g., numerical, spatial, logical) were not investigated. Second, disability was assessed with seven questions on ADL and IADL only, and there was no data on the type or the severity of disability. More detailed information would have allowed a better estimation of the association between IQ and disability. Third, since this was a cross-sectional study, it was not possible to determine causality or the temporal association of the IQ-disability relationship. Of note, mediation and confounding are distinguishable only on conceptual and not on statistical grounds [42], and thus it was not possible to determine if covariates were mediating or confounding factors.

Conclusions
There was a positive association between low IQ and disability in England, and socioeconomic status explained more than one-third of this relationship. Studies of longitudinal design are warranted to corroborate our findings, and future research should focus on additional potential factors involved in this association.
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Table 1. Sample characteristics (overall, by disability, and by intelligence quotient)



	
	
	
	Disability
	Intelligence quotienta

	Characteristics
	Category
	Overall
	Absent
	Present
	P-valueb
	≤102.5
	>102.5
	P-valueb

	Sex
	Male
	48.2
	49.2
	46.0
	0.019
	48.7
	47.7
	0.452

	
	Female
	51.8
	50.8
	54.0
	
	51.3
	52.3
	

	Age (years)
	Mean (SD)
	46.9 (18.9)
	43.0 (16.4)
	55.0 (21.2)
	<0.001
	43.8 (19.6)
	49.7 (17.6)
	<0.001

	British White
	No
	8.2
	9.0
	6.7
	0.003
	10.5
	6.2
	<0.001

	
	Yes
	91.8
	91.0
	93.3
	
	89.5
	93.8
	

	Marital status
	Single/widowed/divorced/separated
	36.9
	33.9
	43.2
	<0.001
	43.9
	30.5
	<0.001

	
	Married/cohabiting
	63.1
	66.1
	56.8
	
	56.1
	69.5
	

	Qualification
	No
	23.7
	16.7
	38.2
	<0.001
	33.9
	14.4
	<0.001

	
	Yes
	76.3
	83.3
	61.8
	
	66.1
	85.6
	

	Social class
	Professional occupations
	5.0
	6.1
	2.8
	<0.001
	2.3
	7.5
	<0.001

	
	Managerial and technical occupations
	31.6
	35.0
	24.6
	
	20.1
	42.2
	

	
	Skilled occupations – non-manual
	21.5
	21.7
	21.2
	
	20.6
	22.4
	

	
	Skilled occupations – manual
	17.2
	14.8
	22.2
	
	22.6
	12.3
	

	
	Partly skilled occupations
	15.0
	13.8
	17.6
	
	20.1
	10.3
	

	
	Unskilled occupations
	4.2
	3.2
	6.2
	
	6.9
	1.7
	

	
	Armed forces
	0.3
	0.3
	0.1
	
	0.2
	0.3
	

	
	Not applicable
	5.1
	5.1
	5.2
	
	7.2
	3.2
	

	Income
	Highest
	36.8
	43.3
	23.2
	<0.001
	24.8
	47.0
	<0.001

	
	Middle
	32.8
	33.0
	32.3
	
	33.8
	31.9
	

	
	Lowest
	30.4
	23.7
	44.6
	
	41.4
	21.2
	

	Obesity
	No
	82.2
	84.9
	76.6
	<0.001
	80.8
	83.5
	0.008

	
	Yes
	17.8
	15.1
	23.4
	
	19.2
	16.5
	

	Smoking status
	Never
	33.2
	35.6
	28.3
	<0.001
	31.2
	35.1
	0.004

	
	Quit/Current
	66.8
	64.4
	71.7
	
	68.8
	64.9
	

	Alcohol dependence
	No
	91.9
	91.9
	92.0
	0.975
	91.0
	92.8
	0.021

	
	Yes
	8.1
	8.1
	8.0
	
	9.0
	7.2
	

	Drug use
	No
	90.5
	90.6
	90.1
	0.528
	88.7
	92.0
	<0.001

	
	Yes
	9.5
	9.4
	9.9
	
	11.3
	8.0
	

	Social supportc
	Mean (SD)
	13.2 (1.9)
	13.4 (1.6)
	12.9 (2.4)
	<0.001
	13.0 (2.1)
	13.4 (1.6)
	<0.001





































Disability was assessed with seven questions about difficulties in activities of daily living (ADL) and instrumental activities of daily living (IADL) and referred to having difficulty in at least one of the seven items.
a Intelligence quotient (IQ) scores were dichotomized based on the mean IQ of the weight sample (≤102.5 versus >102.5).
b P-values were based on Chi-squared tests except for age and social support (t-tests).
c The variable on social support ranged from 0 to 14, with higher scores representing higher levels of social support.
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Table 2. Influential factors in the association between intelligence quotient (independent variable) and disability (dependent variable)
	
	Total effect
	Direct effect
	Indirect effect
	

	
	OR [95%CI]
	P-value
	OR [95%CI]
	P-value
	OR [95%CI]
	P-value
	%Mediated

	Marital status
	1.54 [1.44,1.64]
	<0.001
	1.49 [1.39,1.58]
	<0.001
	1.04 [1.03,1.05]
	<0.001
	8.4

	Qualification
	1.52 [1.43,1.63]
	<0.001
	1.45 [1.35,1.56]
	<0.001
	1.05 [1.03,1.08]
	<0.001
	11.6

	Social class
	1.53 [1.43,1.63]
	<0.001
	1.42 [1.32,1.52]
	<0.001
	1.08 [1.05,1.10]
	<0.001
	18.0

	Income
	1.56 [1.45,1.68]
	<0.001
	1.39 [1.28,1.49]
	<0.001
	1.13 [1.10,1.16]
	<0.001
	26.9

	Obesity
	1.52 [1.42,1.63]
	<0.001
	1.51 [1.41,1.61]
	<0.001
	1.01 [1.00,1.02]
	<0.001
	2.4

	Smoking status
	1.53 [1.44,1.63]
	<0.001
	1.52 [1.43,1.62]
	<0.001
	1.01 [1.00,1.01]
	0.008
	1.4

	Alcohol dependence
	1.53 [1.43,1.63]
	<0.001
	1.53 [1.43,1.63]
	<0.001
	1.00 [1.00,1.00]
	0.828
	NAa

	Drug use
	1.54 [1.44,1.64]
	<0.001
	1.54 [1.44,1.64]
	<0.001
	1.00 [0.99,1.01]
	0.922
	NAa

	Social support
	1.53 [1.44,1.64]
	<0.001
	1.49 [1.40,1.59]
	<0.001
	1.03 [1.02,1.04]
	<0.001
	6.1


Abbreviations: OR Odds ratio; CI Confidence interval.
Intelligence quotient (IQ) was assessed using the National Adult Reading Test (NART). The standardized continuous IQ variable was used as the exposure variable. Thus, the OR represents the change in OR associated with a 1 standard deviation decrease in IQ scores.
Disability was assessed with seven questions about difficulties in activities of daily living (ADL) and instrumental activities of daily living (IADL) and referred to having difficulty in at least one of the seven items.
Model was adjusted for sex, age and ethnicity.
a Mediated percentage was only calculated when the indirect effect was significant (P<0.05).






Figure 1. Prevalence of disability by intelligence quotient (IQ) score. 
IQ was assessed using the National Adult Reading Test (NART). 
Disability was assessed with seven questions about difficulties in activities of daily living (ADL) and instrumental activities of daily living (IADL) and referred to having difficulty in at least one of the seven items.


[image: ]
Figure 2. Association between intelligence quotient (IQ) and disability estimated by adjusted logistic regression. 
Abbreviations: OR, odds ratio; CI, confidence interval. 
IQ was assessed using the National Adult Reading Test (NART). Reference category is IQ 120-129. 
Disability was assessed with seven questions about difficulties in activities of daily living (ADL) and instrumental activities of daily living (IADL). Disability was used as a binary variable (“0” coded as “0” and “≥1” coded as “1”). 
[bookmark: _GoBack]The model was adjusted for sex, age and ethnicity.
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