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Abbreviations 

BMI body mass index 

Cl confidence interval 
GDS10 10-item Geriatric Depression Scale 

HSE Health Survey for England 

IU international unit 
LIDNS Low Income Diet and Nutrition Survey 

NDNS National Diet and Nutrition Survey 

NDNSB National Diet and Nutrition Survey-on benefits 

NDNSNB National Diet and Nutrition Survey-Not on benefits 

OR odds ratio 
PTH parathyroid hormone 

RCT randomized controlled trial 

RNI recommended nutrient intake (United Kingdom) 
UVB ultra-violet B radiation 
VDR vitamin D receptor 
WHO World Health Organisation 

25(OH)D 25-hydroxyvitamin D 

1,25(OH)2D calcitriol 
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Glossary of terms 

Body composition 

Body mass index 

Nutritional intake 

Obesity/obese 

Over nutrition 

Overweight 

Under nutrition 

Underweight 

proportions of fat, muscle and fluid 

index of weight in relation to height (weight (kg)/height (m2)) 

intake of nutrients from all sources including food and 
supplements 

classified as a BMI of Z 30kg/m2 

a result of an excessive food intake and/or restricted or 
limited activity 

classified as a BMI of 25 - 29.9kg/m2 

a result of an inadequate food intake and/or the presence of 
metabolically active disease 

classified by WHO as a BMI of <18.5kg/M2. 
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I Abstract 

Vitamin D deficiency affects many population groups; but there are some groups that are 

at increased risk such as older people. It has been shown that obesity may influence 

vitamin D status. There is also emerging evidence linking poor vitamin D status to obesity 

related chronic diseases. This collation of original published work submitted in this thesis 

includes studies focusing on older people and deprived groups in areas of current public 
health concern and presents the prevalence and trends in vitamin D status among older 

people, examines the influence of poor vitamin D status with deprivation, obesity and 

other health outcomes such as depression. It also examines prevalence and trends in 

overweight and obesity and associated risk factors among older people. 

Particular issues that have been identified in this collation of research are that older 

people, especially those living in institutions are at a high risk of vitamin D deficiency and 
that there have been no improvements in vitamin D status among older people living in 

the community since 1994. The research also shows that poor vitamin D status is 

associated with obesity among older people living in the community, and prevalence of 

obesity is increasing among this group. Poor vitamin D status is associated with many risk 
factors including season, ethnicity, poor health status and depression in older people. It 

has also been identified that the low income/deprived population is another group at high 

risk of poor vitamin D status and findings from this study show inverse associations 
between 25(OH)D levels and body mass index. 

Overall the thesis shows that there are population groups at high risk of vitamin D 

deficiency and obesity. Both of these areas are of public health concern that can impact 

health outcomes. There is some potential to address and improve the situation through 

public health policies such as appropriate vitamin D supplementation and food 

fortification, interventions for the prevention and management of overweight and obesity, 

and optimising the management of chronic diseases. Policies that include strategies to 

prevent and address these areas of concern have the potential to improve the quality of 
life, reduce morbidity and mortality, can be cost effective for the health service and can 
have an impact particularly on groups at risk. 
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2 Introduction 

Although there are commonly used definitions to classify the 'older population', there is no 
general agreement on the age when individuals can be classified as 'old' since this differs 

according to country or context, e. g. the World Health Organisation (WHO, 201 1) uses the 

definition of aged 60 and over. In the UK, the Office of National Statistics (ONS, Bayliss 

and Sly, 2010) uses the age 50 and over, but age 65 and over is the definition commonly 

used in the context of 'pensionable age'. Despite differences in the definition, globally the 

proportion of older persons (aged 60 and over), has risen from 8% in 1950 to 11 % in 

2007, and is expected to reach 22% in 2050 (United Nations, 2009). In the UK the ageing 

population is increasing rapidly and this trend is likely to continue (Bayliss and Sly, 2010). 

Age is by far the biggest risk factor for a wide range of clinical conditions that are 

prevalent today influenced by environmental and lifestyle factors (Kirkwood, 2008). Ageing 

is associated with physical, mental, social and environmental changes (Gariballa and 
Sinclair, 1998) as well as age-related functional decline of many physiological systems 
that can affect the nutritional status (Ahmed and Haboubi, 2010). 

Vitamin D deficiency affects many population groups; the older population is especially 

vulnerable to poor vitamin D status due to reduced capacity to synthesise vitamin D from 

sunlight (Maclaughlin and Holick, 1985), lack of sun exposure as well as lowered renal 
conversion of vitamin D to its active form (Holick et aL, 1989; Holick, 2006). Dietary intake 

and supplement use are also low among older people in the UK (Finch et a/., 1998). It 

was also important to look at vitamin D status among the low income or deprived 

population, since there are many factors that may affect their vitamin D status. 

The prevalence of overweight and obesity is increasing in all age groups, including among 
older people (Han et al., 2011). There are direct negative effects of obesity on vitamin D 

status, since vitamin D is stored in the adipose tissue: there is reduced bioavailability with 
increased fat mass (Wortsman et al., 2000). Serum levels of 25(OH)D and 1,25(OH)2D 

are inversely correlated with body mass index (BMI) and fat mass in populations 
(Konradsen et a1., 2008; Lagunova et a!., 2011). Both obesity and poor vitamin D status 
can be associated with chronic health outcomes, (Stein and Colditz 2004; Holick, 2004; 
Holick, 2006) disability, (Zamboni, 2002) as well as depression (Lee et a!., 2010) and other 
mental health problems (Dening and Barapatre, 2004). 
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The increase in the ageing population predicts an overwhelming demand on social and 

health care systems that is likely to increase substantially in the future (Wanless, 2004; 

Gariballa and Sinclair, 1998). Research into prevention of and interventions for age- 

related nutrition related conditions to improve the quality of life are important (Franco et al, 
2009) The purpose of this thesis was to evaluate the vitamin D status of people in the 

community and institutions, examine trends in vitamin D status and look at associations 

with risk factors. It also investigates the influence of low income/material deprivation on 

vitamin D status and examines the associations of poor vitamin D status with depression. 

It also looks at the prevalence and trends in overweight and obesity and associated risk 
factors among older people. 
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3 Literature review 

The following literature review provides a summary of vitamin D metabolism, prevalence 

of vitamin D status, impacts of vitamin D status on health, and other nutritional risk factors 

such as obesity. 

3.1 Vitamin D metabolism 

There are two main forms of vitamin D: vitamin D3 (cholecalciferol) and vitamin D2 

(ergocalciferol). From this point onwards reference to vitamin D includes both forms. 

Vitamin D is transported to the liver and metabolised to 25-hydroxyvitamin D (25 (OH)D) 

the major circulating form of vitamin D and the form measured in most assays. A second 
hydroxylation takes place in the kidney to the active form 1,25-dihydroxyvitamin 

(1,25(OH)2)D, also known as calcitriol. Therefore, impaired renal function results in 

reduced production of 1,25(OH)2 D and can effect vitamin D metabolism. The activated 
form of vitamin D and has three main functions: enhancing absorption of calcium and 

phosphate from the small intestine, inhibiting parathyroid hormone synthesis and 

secretion and mineralising the bone matrix (Holick, 2007, Figure 1). 
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Figure 1- Metabolism and sources of vitamin D 
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Over the past decade there has been an increase in the understanding of the many 
biological actions for the active form of vitamin D (1,25(OH)2 D). Vitamin D receptors 
(VDR) have functions both in the cell nucleus as a transcriptional factor to influence the 

human genome, and in the plasma membrane as a modulator of signal transduction 

pathways (Norman and Bouillon, 2010). VDRs have the enzymatic actions to convert the 

primary circulating form of vitamin D, 25(OH)D, to the active form (Holick, 2007). VDRs 

are expressed throughout the body, including major organs such as the brain, heart, 

muscle, skin and pancreas, the immune system (both the innate and adaptive), and more 

classical target tissues such as the intestines and bone (Norman and Bouillon, 2010). 

This suggests wide-ranging influences for health. Figure 2 below shows the physiological 

systems, biological responses and vitamin D-deficient related diseases that are 

associated with an inadequate vitamin D status. 

Figure 2- Physiological systems, biological responses and vitamin D deficiency 
related diseases 

PHYSIOLOGICAL BIOLOGICAL 
SYSTEMS RESPONSES 

ALL CELLS f--' 

CALCIUM 
HOMEOSTASIS 

--º 

IMMUNE SYSTEM 
INNATE 

................... 
ADAPTIVE 

Cell cycle regulation 
........................ 
Cell proliferation inhibition 

Intestinal calcium absorption 
8 

Bone remodeling 

Stimulate macrophage 
function & synthesis of 
antimicrobial peptides 

......................... 
Dendritic and T-cell function 

-º PANCREAS ß Cells -º 

--º 
HEART & 

CARDIOVASCULAR 

-º MUSCLE 

-º BRAIN 

I Facilitate insulin secretion 

Renin-angiotensin regulation, 
coagulation, fibrinolysis, 

heart muscle function 

Promote normal skeletal 
muscle development; 

Improve muscle strength 

In progress 
Brain has VDR & 
I a-Hydroxylase 

Source: adapted from Norman and Bouillon, 2010 
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3.2 Assessment of Vitamin D Status 

Vitamin D status is considered to be reliably determined by assay of serum 25(OH)D 

concentration as it reflects both synthesis in the skin and that which is absorbed from the 
diet, a process which is not regulated (Weaver and Fleet, 2004). The half-life of 25(OH)D 

was previously thought to be in the order of 3 months (Preece et al., 1975) but more 
recently serum 25(OH)D has been shown to have a half-life of 15 days. Levels of 
1,25(OH)2D have a shorter half-life of only 15 hours, therefore 25(OH)D is a better marker 
for the measurement of vitamin D status (Jones, 2008). 

While population-based reference ranges for 25(OH)D have been used for defining 

vitamin D status, it is more appropriate to define vitamin D status using clinical or 
functional markers of health risk, because vitamin D status varies so much between 

countries and populations (being dependent on UV exposure, vitamin D intake, and other 
factors). There is no consensus on interpretive criteria to define the minimum 

concentration of 25(OH)D associated with maximal risk reduction. Estimated cut-offs for 
25(OH)D concentration are generally based on studies that include case control and 
cohort studies, randomized controlled trials and small metabolic studies. Although there 
has been a poor consensus in defining vitamin D status, the following cut-offs have been 

used (Pearce and Cheetham, 2010, Table 1). 

Table I Serum 25 (OH) D concentrations, health and disease 

Serum 25 (OH)D concentrations, 
health and disease 

Vitamin D status Manifestation 

<25 nmol/L. Deficient Osteomalacia 
Rickets 

25-50 nmol/L Insufficiency Associated with disease risk 
50-75 nmol/L Adequate Healthy 
>75 nmol/L Optimal Healthy 

ource: Pearce and Cheetham 2010. 
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3.3 Prevalence of vitamin D status 

Vitamin D deficiency is the most common nutritional deficiency worldwide (Holick, 2007). 

Prevalence is dependent on the definition of vitamin D deficiency that is used. Serum 25 

(OH)D levels below 75 nmol/L are common in most populations. The percentage of the 

population with vitamin D insufficiency (25(OH)D concentrations between 25nmol/I and 

50nmol/I) is high or very high in most European countries (Mithal et al., 2009). A large 

proportion of the UK population (about 50% in spring) have vitamin D insufficiency 

(Hyppönen and Power, 2007). The prevalence of vitamin D deficiency in the UK (based 

on the current definition of plasma 25(OH)D concentration <25nmol/L) is a common 

problem among all population groups, as shown in Figure 3 (Gregory et al., 1995; Finch 

et al., 1998; Gregory and Lowe, 2000; Ruston et al., 2004), but is severe among ethnic 

minority groups (Lawson and Thomas, 1999; Das et al., 1999; Ladhani et al., 2004; Bodnar 

et al., 2007; SACN, 2007) and older populations. It is particularly severe among older 

people living in institutions, (Finch et al., 1998). 

Figure 3: Prevalence of Vitamin D deficiency, by sex and age groups: (data from the 
NDNS: Gregory et al., 1995; Finch et al., 1998; Gregory and Lowe, 2000; Ruston et al., 
2004) 
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The National Diet and Nutrition Survey (NDNS) shows that mean serum 25(OH)D 

concentrations in older people in the UK are around 55 nmol/L among those living in the 

community and 33 nmol/1 in institutions (Finch et a/., 1998). A high prevalence of vitamin 
D deficiency in older people is also shown in other countries (Haller, 1999; Passed et al., 
2003). Concerns over vitamin D deficiency worldwide have prompted the WHO to 

produce guidelines on vitamin D and supplementation (WHO, 2004). In the UK there is 

renewed government interest in healthy lifestyles (Department of Health, 2008), the role 

of vitamin D in prevention of osteoporosis (SACN, 2007) and initiatives to achieve 

adequate vitamin D status in older people (Department of Health, 1998). 

3.4 Sources of vitamin D 

3.4.1 Sun exposure 

The primary source of vitamin D is synthesis in the skin under the influence of sunlight. 
The amount of sun exposure necessary to meet vitamin D requirements depends on 
factors such as age, latitude, season, time of day, time of year, clothing and skin 

pigmentation (Holick, 2003). As a result of limited sunlight exposure and reduced capacity 

of the skin to produce vitamin D, deficiency may occur in healthy older people (Lips et al., 
2001). 

3.4.2 Dietary Vitamin 

In the UK, there are a few dietary sources of vitamin D: these include oily fish (e. g. 

salmon, mackerel, sardines). Smaller amounts are available from red meat and egg yolks. 
Other sources of vitamin D are from fortified foods e. g. margarines in which fortification 

with vitamin D is mandatory (Department of Health, 1998), in order to increase the vitamin 
D concentration of margarines closer to that naturally found in butter. Some low fat and 
dairy spreads, low fat milk, powdered milks and breakfast cereals are also fortified with 

vitamin D but this is not mandatory. The UK Reference Nutrient Intake (RNI) is 10Ng/day 

(400 international units (IU)) for men and women over 65 years. However dietary intake is 

shown to play a small part in vitamin D status. The NDNS for people aged 65 and over 
found that vitamin D intake was well below requirements in both men and women at 
3.4ug/day (Finch et at, 1998). 

14 



3.4.3 Supplement use 

Vitamin D is currently prescribed and also available without prescription as a dietary 

supplement. The vitamin D present in supplements contains both vitamin D2 and vitamin 
D3, but vitamin D3 has been shown to be more potent than vitamin D2 (Armas et aL, 
2004). Most commercial multivitamins contain vitamin D, and many vitamin D 

supplements are found in combination with calcium, which can have adverse side effects 

such as constipation. 

The UK Government (Department of Health, 1998) recommends that all adults over 65 

years should consume 400 IU (lOpg) of vitamin D daily. More recently the Scientific 

Advisory Committee on Nutrition (SACN, 2007) reiterated this advice and further 

recommended that all adults over 65 years should take a vitamin D supplement to enable 
them to meet the requirement of 10{ßg vitamin D daily. Even though there is clear 

evidence to support this recommendation, there is concern that these recommendations 

are being overlooked by both health professionals and the general public (SACN, 2007). 

It has been recommended by the International Osteoporosis Foundation (IOF) in their 

2010 position paper that 800 to 1,000 IU of vitamin D per day for people age 60 years and 

older (Dawson-Hughes et al., 2010) is sufficient to achieve serum 25(OH)D levels at a 
threshold of 75 nmol/I, optimal for fall and fracture reduction. In contrast to this, recently, 
the Institute of Medicine (IOM, 2010) recommended that for older people, a vitamin D 

intake of 600-800 IU/day is adequate to achieve a threshold of 50 nmol/I. There is clearly 

some controversy regarding doses of vitamin D Intakes that are recommended. 
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3.5 Risk factors for poor vitamin D status 
In the UK (as mentioned in section 2.3), older people, particularly those living in 

institutions, are at higher risk of vitamin D deficiency in comparison with other age groups 
(Figure 3). This may be because of a decline in efficiency of vitamin D synthesis due to 

decreasing concentrations of 7-dehydrocholesterol (vitamin D precursor) in the skin 
(Maclaughlin and Holick, 1985) and lowered renal conversion to its active form as people 
become older (Holick et a/., 1989; Holick, 2006). It has been suggested that the lower 

vitamin D status of older age groups is predominantly due to decreased sun exposure, for 

example being housebound or institutionalised (Web et al., 1990; Wolpowitz and Gilchrist, 

2006). Low endogenous production during winter months can be compensated for by 

dietary intake and supplement use, but vitamin D intake among older people is also low in 

the UK (Finch et al., 1998). 

Older people living in institutions or in hospital long term are at high risk of vitamin D 

deficiency due to other factors such as malabsorption (Holick, 2007; Bhutto and Morley, 

2008), liver/kidney disease, and use of antiepileptic agents (secondary 

hyperparathyroidism with these drugs) and glucocorticoids, which can affect vitamin D 

status (Holick and Chen, 2008). 

3.5.1 Season, Climate and Latitude 

Synthesis of vitamin D3 in the body depends upon solar radiation of the skin. Factors that 

affect solar radiation include atmospheric ozone, angle of the sun, ground elevation, and 

cloud cover. At greater latitudes, sunlight reaches the earth at a more oblique angle, 

thereby reducing the potential for vitamin D synthesis; this effect becomes more 

pronounced as latitude increases, particularly in winter months (Holick, 2004). In most 

locations in the world around the equator (between latitudes 42°N and 42°S), 

approximately 30 minutes of skin exposure (without sunscreen) of the arms and face to 

sunlight can provide adequate vitamin D (WHO/FAO, 2004). However, in many regions of 

Britain, above latitudes of 370 N, the sun is not strong enough to provide any vitamin D in 

winter. Even during the remainder of the year, cloud cover can block up to 99% of vitamin 

D production (Engelson et a1., 2005). The literature reports strong evidence that vitamin D 

insufficiency is greater in winter months in the UK (Hyppönen and Power, 2007). Climate 

and other environmental conditions such as air pollution can also affect dermal vitamin D 

synthesis. 
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3.5.2 Sun exposure, Sunscreen and Clothing 

Sunscreen use (Matsuoka et a/., 1998), urban living associated with an indoor lifestyle, 

being housebound or deliberately avoiding the sun due to either a preference for fair skin 

or awareness of advice for skin cancer prevention reduces dermal synthesis of vitamin D. 

The link between excessive sunlight exposure and skin cancer risk has been clearly 

established. Campaigns to reduce skin cancer risk in the UK (Cancer Research UK, 

2009) may have contributed to reduced opportunities for sun exposure to ensure optimal 

vitamin D status. These campaigns have advised regular use of sunscreen which may 
have adversely influenced skin synthesis of vitamin D and vitamin D status among groups 

at risk of poor vitamin D status. Cancer Research UK recognises the need to balance skin 

cancer prevention with generation of adequate vitamin D, and has now specified that 'little 

and often' sun exposure is best i. e. for a few minutes around the middle of the day every 
day without using sunscreen (Cancer Research UK, 2009). Cultural practices such as 

complete clothing cover effectively minimise sun exposure (Matsuoka et al., 1999); veiled 

women have low vitamin D concentrations (Gannage-Yared et al., 2000). 

3.5.3 Ethnicity I Skin pigmentation 

A genetic influence on dermal vitamin D synthesis is natural skin pigmentation, with 

melanin acting as a natural sunscreen (Holick, 2004). Therefore, people with darker skin 

require a longer period of UVB exposure to produce an equivalent amount of vitamin D 

than a fairer skinned person (Matsuoka at al., 1991), but the capacity to produce vitamin 
D is not different in Asian than in white skin (Lo et al., 1986). It has also been suggested 
that altered vitamin D metabolism i. e. increased 25(OH)D -24 hydroxylase activity may be 

responsible for the high prevalence of low 25(OH)D concentration observed in South 

Asians (Awumey et al., 1998). 

3.5.4 Vitamin D and toxicity 

Vitamin D toxicity is rare. There is evidence that up to 250 pg (10,000 IU) per day of 

vitamin D can be tolerated, (Vieth, 1999) but controversy exists regarding the strength and 

adequacy of the evidence supporting this conclusion. Ingestion of excessively high doses 

(>50,000 IU per day) can be associated with hypercalcemia and hyperphosphatemia 

(Holick, 2007). In the UK, the Expert Group on Vitamins and Minerals (FSA, 2003) 

concluded that a level of 25pg per day (1,000 IU) of supplementary vitamin D would not 
lead to adverse effects when consumed regularly over a long period. At present, there is 

concern about the lack of knowledge and limitations in the available evidence regarding 

vitamin D toxicity. 
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3.6 Vitamin D and health outcomes 

The importance of vitamin D for bone health is well known. Prolonged vitamin D 

deficiency in adults clinically manifests itself as osteomalacia and osteoporosis. A growing 
body of evidence suggests that people who are deficient in 25(OH)D have higher risks for 

numerous chronic medical conditions (Holick, 2007). Table 2 provides a summarised 

overview of recent meta-analyses examining the associations between vitamin D and 
health outcomes such as musculoskeletal conditions, cardiovascular diseases, and 

cancer. 
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Vitamin D and falls and fractures 

Evidence from meta -analysis of fall prevention trials, among older individuals (aged 65 or 

more) showed that vitamin D supplementation at doses of 700-1,000 IU per day reduced 
falls (Bischoff-Ferrari et a/., 2009; Kalyani et al., 2010) and 25(OH)D levels of 75-112nmol/L 

were required for non-vertebral fracture prevention (Bischoff-Ferrari at aL, 2009) Vitamin D 

at doses of 10pg with calcium significantly reduced the risk of fracture (Abrahamsen et a/., 
2010). 

Evidence from a meta-analysis of RCTs does not support the effect of vitamin D 

supplements on muscle strength and function in the elderly with baseline 25(OH)D greater 
than 25 nmol/L, but in a limited number of studies an increase in proximal muscle strength 

was shown in adults with vitamin D deficiency (Stockton et a/., 2010). 

CVD and other health conditions 

Evidence from meta-analysis among older people (Parker et a/., 2010) shows a significant 

association between high levels of vitamin D and a decreased risk of developing 

cardiovascular disease (33% reduction compared with low levels of vitamin D), type 2 

diabetes (55% reduction) and metabolic syndrome (51 % reduction). Another meta-analysis 
by Pittas et at., (2010), shows association between vitamin D status and cardiometabolic 

outcomes to be uncertain with no clinically significant effect of vitamin D supplementation at 
the dosages given, which varied between the studies. There is weak evidence to support the 

effect of vitamin D on blood pressure (Pittas et aL, 2010; Burgaz et a/., 2010; Wu et a1., 2010). 

Mortality 

Older adults living in the community with low serum 25(OH)D levels are at higher risk of all- 
cause and cardiovascular disease mortality (Autier and Gandini, 2007; Ginde et al., 2009). 

Ginde et a/. (2009) highlighted that randomised controlled trials of vitamin D supplementation 
in older adults are warranted to determine whether this association is causal and reversible. 

Cancer 

Table 2 shows overall that low vitamin D status is associated with a higher risk of colorectal 

cancer (Gandini at al., 2010), but the evidence is contradictory for breast cancer (Yin et al., 
2010; Gandini et al., 2011) and there is a lack of association for prostate cancer (Gandini et 
al., 2011). A pooled analysis of 10 cohort studies found that levels of 25(OH)D >75nmol/L 
do not reduce the risk of uterine, oesophageal, stomach, kidney or ovarian cancers, nor non- 
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Hodgkin lymphoma, (Helzlsouer, 2010) but a high 25(OH)D concentration (Z100nmol/L) was 
associated with a two-fold increased risk of pancreatic cancer (Stolzenberg et aL, 2010). 

Vitamin D and depression 

Cohort and cross-sectional studies (Hoogendijk et aL, 2008; Ganji et aL, 2010) have shown 
that depression may be associated with vitamin D deficiency. This may reflect influences of 
depressive states on sunlight exposure, diet and nutritional supplementation. However, there 

are also plausible biological pathways for a role of vitamin D deficiency in the pathogenesis 

of depression, including effects on nerve growth factor synthesis, (Wion et aL, 1991) and a 

variety of potential neurotransmitter targets (Stumpf, 1995). 

Other diseases 

Other diseases considered to be related to vitamin D deficiency include multiple sclerosis in 

younger people aged 18-48 years, (Mungar et a/., 2006), lower respiratory diseases such as 
influenza and pneumonia (Cannell et al., 2008), and septicaemia (Jeng et a/., 2009). A 

disease with limited support is dementia, based in part on studies on mood and cognitive 
impairment (Wilkins, 2006; Llewellyn et al., 2009). 
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3.6.1 Changes in body composition among older people 

Aging causes a decline in the basal metabolic rate (mainly due to decreased fat-free mass), 
total body weight, height, and skeletal mass (Roberts and Rosenberg, 2006). This can result 
in a loss of up to 3 kg of lean body mass per decade after the age of 50 (Prentice and Jebb, 
2001). 

Overweight and obesity 

Overweight or obesity occurs when energy intake exceeds energy expenditure (through 

metabolism and daily physical activity). Older people expend less energy as a result of lower 

metabolic rates and changes in lifestyle with increased levels of sedentary behaviour 

(Phillips, 2003) resulting in weight gain. Obesity has additional problems which are of 
particular concern for older people as ageing results in sarcopenia (loss of muscle mass). 
Older people who are obese can develop sarcopenic obesity and this is a major determinant 

of poor health status in older people (Zamboni et al., 2007). 

Sarcopenia and vitamin D 

Sarcopenia is also associated with a reduction in muscle strength (Thomas, 2007). Vitamin 
D has direct effects on muscle strength modulated by specific vitamin D receptors present in 

human muscle tissue (Bischoff-Ferrari et al., 2004). Myopathy from severe vitamin D 
deficiency has been shown to be reversible with vitamin D supplementation (Glerup et at., 
2000). A meta-analysis of trials in older people with vitamin D deficiency has shown that 

vitamin D supplementation improved proximal muscle strength (Stockton et al., 2010). 

Obesity and vitamin D 

Vitamin D is fat soluble therefore some of it is stored in the adipose tissue. An inverse 

correlation exists between body fat content and serum 25(OH)D concentrations in healthy 

older men and women (Arunabh et al., 2003; Lucas et aL, 2005; Bolland et al., 2006; 
Lagunova et al., 2011). In the obese, adipose tissue may serve as an 'irreversible sink' for 

vitamin D (Wortsman et al., 2000; Holick, 2004). Wortsman and colleagues (2000) showed 
that obesity affects the release of vitamin D into the circulation. This association may 
exacerbate the reported relationships between low vitamin D status and common chronic 
conditions which occur more commonly in obesity (Field et a/., 2001). 
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3.6.2 Prevalence of overweight, obesity and underweight in older people 
Prevalence of obesity 

The global prevalence of obesity has been increasing rapidly in all age groups, including 

older people, and is a cause for major concern (Haslam, 2006). The World Health 

Organisation has described the situation as an epidemic (WHO, 2011). In England in 2009, 

66% of men and 57% of women were either overweight or obese (Craig and Hirani, 2010) It 
has been reported that England has some of the highest levels of obesity in Europe 

(Foresight, 2007) but recently there are indications that the trends in obesity may be levelling 

off in adults and even declining in children (Craig and Hirani, 2010). 

Association with health outcomes 

Obesity is an important public health burden among older people due its association with 

poor health and well-being (Kopelman, 2000) reduced life expectancy (Corrada et aL, 2006) 

and premature death (Jonsson et aL, 2002) due to associated co-morbidities such as 

cardiovascular disease (CVD), diabetes, hypertension, stroke, and certain forms of cancer 
(Stein and Colditz 2004). The literature shows quite conflicting associations between obesity 

and mortality in older people (Janssen et al., 2005; Corrada et a/., 2006); Flegal and 
Graubard, 2009). A systematic review (Heieat et aL, 2001) showed the overall association 
between BMI and all-cause mortality in people over 65 as a flat-bottomed U-shape curve, 

with increased mortality in those with BMI above 30-31 kg/m2. It has also been suggested 
that associations of BMI with mortality are at least in part due to confounding factors such as 
physical activity, diet, body composition or fat distribution, so it is difficult to isolate the causal 

effects (Candiff, 2006; Flegal, 2006). 

A recent meta-analysis has shown that there is very little research on the benefits of weight 
reduction in older obese people, though intentional weight loss has been shown to reduce 

all-cause mortality in males aged 56-75 years (Witham and Avenell, 2010). There seem to 
be a limited number of good quality studies of older people that have compared diet and 

exercise interventions with diet alone but the greater benefits of combined diet and exercise 

regimes found in this analysis were consistent with studies using a similar design in younger 

subjects. Studies with specific goals achieved greater weight reduction though no significant 
improvements in exercise capacity, physical function, quality of life or in cardiovascular 

events or risk factors emerged from the meta-analysis (Witham and Avenell, 2010). 
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A previous systematic review (Bales and Buhr, 2008) that included weight reduction studies 
for a short duration showed probable clinically beneficial outcomes in physical activity, 

osteoarthritis and hypertension and possibly also in type 2 diabetes and coronary heart 

disease. This review excluded studies in which the weight loss achieved was <2kg or 3% of 
baseline over 6 months, suggesting that achieving greater weight loss is more likely to have 

significant benefits. However the benefits shown in shorter duration studies may not be 

sustainable. 
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3.6.3 Assessment of overweight and obesity 

Body mass Index (BMI) and waist circumference (WC) 

Body Mass Index (BMI) is a widely accepted measure of weight for height. 

The WHO (WHO, 2000) and the National Institute for Health and Clinical Excellence 

guideline (NICE, 2007) classifies BMI into the following groups (Table 3): 

Table 3 BMI classification 

BMI (kg/m2) Description 
Less than 18.5 Under-weight 
20 to less than 25 Normal 
25 to less than 30 Overweight 
30 or more Obese 

0 or more I Morbidly obese 

Source: WHO (2000) and NICE (2007) 

There is currently no consensus on an appropriate cut off for underweight in people aged 
a65. Less than 20 kg/m2 is often used to define underweight in older people (Price et al., 
2006). 

Waist circumference 
Despite BMI being regularly used to in the assessment of nutritional status, it is a crude 

marker that does not take into consideration body composition or where fat is stored. This is 

important as visceral abdominal fat (i. e. fat stored around the abdominal area) is associated 

with increased risk of cardiovascular disease and type 2 diabetes (Cook et a/., 2005). It has 

therefore been postulated that waist circumference may be a better measure than BMI to 

identify those with a health risk from their body shape (WHO, 2000). Waist circumference 

can be considered an appropriate indicator of body fatness and central fat distribution 

(Pouliot et aL, 1994). Among older people, the fat distribution changes considerably and 

abdominal fat tends to increase with age (Kyle et al., 2001). The definition of raised WC is, in 

accordance with the ATP (Adult Treatment Panel) III (National Institutes of Health, 2001), 

>102cm in men and >88cm in women. 
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3.6.4 Common factors affecting nutritional status 

Low income 

In 2008/2009,22% of the UK population were living in poverty, defined as living below 60% 

of the median net disposable household income before housing costs (ONS, 2010). 

Although the level of older people living in poverty has fallen in the past decade, 17% of 

pensioners continue to live in poverty (ONS, 2010). This age group suffers declining health 

and poor nutritional status, as identified in the Low Income Diet and Nutrition Survey (LIDNS, 

Nelson et aL, 2007). Further analysis of the LIDNS data found that older men and in 

particular those who live alone may be at even more risk of an inadequate diet (Holmes et 

al., 2008). Diet has been known for many years to play a key role as a risk factor for chronic 
diseases such as cardiovascular disease, hypertension and some forms of cancer that can 

continue into later life (WHO, 2003). 

Dental Health 

Dental health affects the nutritional status of older people. Studies using data from the 
National Diet and Nutrition Survey (NDNS) showed the effects of being edentulous on 

nutritional status among older people. Intakes of non-starch polysaccharides, protein, 

calcium, iron, niacin and vitamin C were significantly lower in the edentulous individuals, 

(Sheiham et al., 2001) and having few or no natural teeth was associated with a greater risk 
of both being underweight and obese (Sheiham et a/., 2002). Another study among older 
people using the HSE 2000 data showed strong associations between dental status and 
cognitive impairment, important determinants of nutritional status (Stewart and Hirani, 2007). 

Depression 

Depression in older people is common and substantially disabling (Moussavi et a/., 2007). It 
is associated with worse general health, probably both as a cause and consequence (Prince 

et at, 1998). Micronutrient deficiencies (whether relatively low levels or clinical deficiency 

states) are related to depression (Moussavi et al., 2007; Jacka et al., 2009) and are likely to 
be particularly important in older people because of higher levels of morbidity and frailty. 

However it is not known whether a nutritional deficit is the cause or the consequence of 
impaired cognition (Del Parigi et a/., 2006). 
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4 Aims and objectives 

4.1 Aim 
To investigate vitamin D status and obesity and identify the extent of these public 

health problems among population groups 

4.2 Objectives 

1. To determine the prevalence of poor vitamin D status among older people in England 

living in institutions and in the community 
2. To examine trends in vitamin D status in older people in the community since 1994. 

3. To examine vitamin D status in low income groups 
4. To examine associations of poor vitamin D status with other risk factors 

5. To examine overweight and obesity and risk factors among older people: 

a. trends in obesity 1993-2008 

b. obesity and risk factors for chronic diseases 

6. To highlight the policy implications of the findings 
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5 Methods 

In this section, an overview of surveys will be provided, followed by a brief description of the 

sample (Table 4). Common factors in all these surveys are that they are based on a random 

probability sample of private household addresses (except that HSE 2000 also included 

institutions) using multi-stage stratified sampling. Data on socio-demographic information 

was collected by face-face computer aided personal interviewing (CAPI) in the household. 

The study methods for original papers (I-V) are described in detail in the papers. Further 

information can be found in the Appendices 2-7. 
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5.1.1 HSE 2000 (I) 

The HSE 2000 (Prior et al., 2002) was designed to provide data at both national and regional 
level from a sample of older people (aged 65 and over). For the institution sample, 677 care 
homes were selected. Interviews were achieved with 1,217 residents. The private household 

sample (6,800 addresses) was drawn from the Postcode Address File (PAF). 1,677 

residents aged 65 and over were interviewed. A blood sample was obtained from 61 % of the 

total institution sample (1,217) and 64% of the private household sample (1,677) aged 65 

and over. A valid 25(OH)D sample was obtained from 1,766 participants (708 men and 
1,058 women). 

5.1.2 HSE 2005 (II, IV and V) 

In 2005, the HSE included a nationally representative general population sample of English 

people aged a65, living in private households: 1,897 men and 2,372 women were 
interviewed (Craig and Mindell, 2007). The sampling design included the PAF as the primary 

sampling frame. It comprised a core (general population) sample and a boost sample 
(interviewers screened households to increase the sample of people aged Z65). The overall 

response rate was 71% in the general population sample and 74% in the boost sample. 

Data collection (l, II, IV and V) 

Interviewers collected data from participants by computer-aided personal interview (CAPI) 

on socio-demographic aspects (e. g. age, sex, ethnicity and region), health behaviours (e. g. 

general self-reported health, smoking etc) and doctor-diagnosed health conditions 
(ischaemic heart disease, stroke and diabetes). In HSE 2005 (II and IV) additional measures 

about depressive symptoms were included using the 10-item Geriatric Depression Scale 

(GDSIO), with a score of three or more defined as case level, according to usual practice 
(Yesavage, 1998; Stewart et al., 2001). Height and weight measurements were taken 

according to the HSE standardised protocol (see Appendix 7) to calculate BMI. 

After the interview, those who agreed had a nurse visit. Nurses collected information 

including current medication and vitamin supplement usage; took measurements such as 

waist circumference, demi-span, and blood pressure; and obtained non-fasting blood 

samples (see Appendix 6). Generalised obesity refers to BMI 2: 30 kg/m2 and abdominal 

obesity was defined in accordance with the ATP (Adult Treatment Panel) III (National 

Institute of Health, 2001) as WC >102cm in men and >88cm in women M. 

Detailed information on data collection can be found in Appendix 4. 
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Non-response weighting 

Non-response occurs when selected individuals or households decline to take part in the 

study or cannot be contacted. This can introduce bias as some groups are more likely to 

decline than others. Additionally, those who are not eligible (e. g. unable to give informed 

consent or to understand and answer the questions, due to cognitive or language problems) 

are also defined as non-responders in HSE. Non-response weighting is a statistical 

calculation that improves the precision of survey estimates, giving greater confidence that 

the estimate presented is reflective of the general population. In 2003, the HSE introduced 

non-response weighting for the first time. Data from HSE 2003 onwards are weighted for 

non-response (different weights are applied for non-response to each stage i. e. for the 

interviewer, nurse visit and blood samples). However, non-response weights are not 

available for previous HSE data sets (1993 -2002). 

The detailed methods and further information for HSE 2000 can be found in Appendix 3, and 
HSE 2005 in Appendix 4. 
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5.1.3 NDNS (I, II, III) 

The NDNS sample design included using all postal sectors within mainland Britain. In Paper 

II, the NDNS sample included participants aged 65 and over living in private households. It 

included analyses of serum 25(OH)D concentrations for (927 people: 476 men and 451 men) 

and). The NDNS was carried out from October 1994 to September 1995. 

In paper III, the NDNS sample included people aged 19-64 years (excluding pregnant or 
breastfeeding women). Data were collected 2000-2001. There were 3,704 eligible 

respondents; 61% completed the dietary interview. Participants were asked to provide 

measurements, including anthropometry, blood pressure, and urine sample. Blood samples 

were obtained from 61 % of men and 59% of women in the dietary sample. A valid serum 

25(OH)D sample was obtained from 592 men and 705 women. 

5.1.4 LIDNS (III) 

Data were collected 2003-2005. Participants aged Z19 years consisted of 1,048 men and 
2,019 women. Of these, 96% started the individual questionnaire or the first of four dietary 

recalls. Ninety percent agreed to be visited by a nurse, 81% were successfully revisited. 

The detailed methods and further information on areas regarding sample design, protocols 

etc. for the NDNS and LIDNS can be found in the Appendix 5. 
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5.2 Vitamin D analysis (I, II, III, IV) 

5.2.1 Laboratory analysis of the serum 25(OH)D 

Vitamin D analyses in HSE and LIDNS were carried out at the Royal Victoria Infirmary (RVI) 

in Newcastle upon Tyne using the DiaSorin radio immunoassay (RIA) kit (DiaSorin Inc., 

Stillwater, MN, USA, formerly known as INCSTAR). The vitamin D analysis for the NDNS 

was carried out using the same methods. Quality control procedures comprised both 

internal and external procedures. Detailed information on internal and external quality control 

procedures are available in the reports (Finch et al., 1998; Ruston et al., 2004, FSA 2004, 

Craig and Mindell, 2007). 

Internal quality control (IQC) 

The purpose of internal quality control (IQC) was to ensure reliability of an analytical run, 
identify, and prevent the release of any errors in an analytical run. 

The laboratory obtains a supply of quality control materials, usually at more than one 

concentration of the analyte. Target (mean) values and target standard deviations (SD) are 

assigned for each analyte. Target assignment includes evaluation of values obtained by the 

laboratory from replicate measurements (over several runs) in conjunction with target values 

provided by manufacturers of IQC materials. The standard deviation and the coefficient of 

variation (CV) are measures of imprecision. Internal QC values are assessed against an 
acceptable range for the analyte. 

External quality assessment (EQA) 

The laboratories performing the 25(OH)D analyses took part in the Vitamin D External 

Quality Assessment Scheme (DEQAS). EQA permits comparison of results between 

laboratories measuring the same analyte. An EQA scheme for the analyte distributed 

aliquots of the same samples to participating laboratories, which were blind to the 

concentration of the analyte. Samples were assayed shortly after arrival to the laboratory. 

Results were returned to the scheme organisers, who issued a laboratory specific report. 

Tables 5A -14A in Appendix 8, show internal and external quality assessment results for 

vitamin D in the NDNS (1994/95 and 2000/2001), the HSE 2000, the HSE 2005 and the 
LIDNS. The assayed values for each of the surveys were assessed from the quality 
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assurance parameters. The CV for assays in the NDNS in waves 1-4 (1994/95) ranged from 

12.1%-17.1% and in the NDNS 2000/2001 ranged from 7.2% -16.7%. In the HSE 2000, 

HSE 2005 and the LIDNS, analyses was carried out monthly, CV ranged from 0.3%-20.6% 

in HSE 2000, from 4.4%-21.9% in HSE 2005 and 5.3%-21.9% in LIDNS (Tables 9A, 11A 

and 13A, Appendix 8). 

Cut-offs and optimal levels of 25(OH)D (1,11,111,10) 

In Papers I, II and IV, vitamin D deficiency was defined as serum concentrations 25(OH)D 

<25nmol/L (Department of Health 1998). Two other deficiency states are defined as levels 

less than 50 nmol/L (hypovitaminosis), which has been associated with slightly high serum 

parathyroid hormone concentration and mildly high bone turnover (Zitterman, 2003; Holick, 

2006) and optimal levels, which are currently considered to be 75 nmol/L or greater (Vieth et 

a/., 2007). In paper II, both <25nmol/L and < 50 nmol/L was considered when looking at 

prevalence of vitamin D status; < 50 nmol/L was the cut-off used as the dependant variable 
in the multivariate analysis. In paper III, serum 25(OH)D concentrations were considered as 

a continuous outcome measure in simple and multiple regression analyses used to model 
the relationships between serum 25(OH)D and covariates including age group, ethnicity, 

sex, region of residence, dietary intake, and dietary supplements use. In paper IV, it was 
decided to consider definitions of low vitamin D levels separately (<25.0 nmol/L, <50 nmol/L, 

<75 nmol/L) as independent variables. There is also a difference in the preference of units 
that are used for presenting 25(OH)D concentrations in different countries, in the UK, more 

commonly, nmol/L are used, but for example in paper IV that was published in an American 

journal, the preferred units are ng/mL (2.5 nmol = Ing). 

5.3 Research ethics approval and written consent 

Ethical approval for the HSE was obtained from North Thames (I, V, VI) and London (11, IV) 

Multi-centre Research Ethics Committee (MREC) and from all Local Research Ethics 

Committees (LRECs) in England. The NDNS survey (I, III) was approved by the South 

Thames MREC and National Health Service LRECs. The LIDNS survey (III) was approved 
by the North London MREC. Participants gave verbal consent for the interview and 

measurements and written consent to have blood samples taken. 
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6 Statistical analysis 

6.1 Data analysis 

Data was analysed using various versions of SPSS (v10 (I and IV), v15.0 (II, IV, V) and 
Stata v10 (l, V) and v9 (II and IV). The statistical methods used in the original papers (I-V) 

are described in detail in the papers. In all the publications, data was checked for normality 

using the appropriate statistical methods. 

Mean levels (SD) and prevalence were described for the HSE, NDNS and LIDNS data. 

Categorical data were described using percentages and 95% confidence intervals when 

applicable. The appropriate statistical tests were used to assess statistical differences 

between groups e. g the t-test was used to test the difference between two means and one 

way Analysis of Variance (ANOVA) was used to assess differences in mean serum 25(OH)D 

across more than two different groups (used in papers I and II). The chi-square test was 

used to examine the association between the categorical data e. g. used to test differences in 

prevalence of vitamin D deficiency by sex-and age group. 

Regression models were used to investigate the relationship between the dependant and 
independent factors, adjusting for confounders such as socio-demographic and lifestyle 

factors. Linear regression was used where the variables were continuous and logistic 

regression was used when there were binary outcomes. 

42 



7 Results 

7.1 Prevalence of vitamin D status among older people in the 
community and in institutions HSE 2000 (I) 

The results show that in institutions, the prevalence of vitamin D deficiency was similar in 

both men and women (30.2% in men and 32.5% in women), while in private households 

women were significantly more likely to be deficient than men (15.0% vs 9.6%). Full results 

for paper I can be found on pages 2-3. 

7.2 Trends in vitamin D status among older people in the community 
since 1994 (1,11) 

Figure 4 shows that there have been no significant improvements in vitamin D status among 

older people since 1994/95. Full results for paper II can be found on pages 64-66. 

Figure 4- Prevalence of age standardized vitamin D deficiency (<25 nmol/L) and 
hypovitaminosis (<50 nmol/L) in private households by sex in NDNS, HSE 2000 and 
HSE 2005. 
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Vitamin D status among low income groups: in the community (III) 

The full results for Paper III, can be found on pages 761-762. Among all age groups in the 

National Diet and Nutrition Survey-on benefits (NDNSB) sample and the LIDNS sample, 

mean 25(OH)D levels were significantly lower than among the National Diet and Nutrition 

Survey-not on benefits (NDNSNB) sample (Figure 5). 

Figure 5- Mean vitamin D concentrations among people aged 19-64 years living in 
private households in LIDNS, NDNSB, NDNSNB. 
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7.3 Associations of vitamin D status with risk factors among older 
people in Institutions and the community (I, II, 111 IV) 

Vitamin D deficiency and possible risk factors, in the institution and private 
household sample of older people in HSE 2000 (I) 

See full results for paper I on pages 2-3. 

Season (paper//) 

Seasonal differences in serum 25(OH)D levels <50nmol/I are shown in Figure 6. HSE 2005 

participants with blood samples collected in the winter had lower serum 25(OH)D levels than 

those collected in the spring or summer. This was also shown in the multivariate analysis for 

the associations between vitamin D deficiency and hypovitaminosis D, respectively (papers 

I, ll). See full results for paper I page 3 and paper II on pages 65. 

Figure 6-Seasonal variations in serum 25(OH)D levels (II) 
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There was also marked seasonal variation in all three populations: LIDNS, NDNSB and 

NDNSNB (III), with the mean levels being approximately 50% higher for blood samples 

collected in July-September compared with January -March (Figure 7). Full results can 

be found in paper III, pages 761-762. 

Figure 7-Seasonal variations in mean serum 25(OH)D levels in LIDNS, NDNSB and 
NDNSNB samples (III) 
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The results from multivariate analysis showed that association between vitamin D status 

and depression was not modified when adjusting by season. See results section in paper 
IV, page 2 for detailed results. 
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7.4 Vitamin D and BMI (I, 11111, IV) 

Findings from papers I and II show that vitamin D was associated with normal/under 

nutrition and obesity. In study I, participants from both private households and institutions 

with a BMI <25 kg/m2 were at a higher risk of vitamin D deficiency than those with a BMI 

above 25 kg/m2. In contrast, with study II, participants who were obese were at a higher 

risk of hypovitaminosis D than those that had a 'normal' BMI. In addition, an inverse 

association was found between 25(OH) D levels and BMI (adjusted regression 

coefficient -0.6 (-0.9, -0.2) for participants from the materially deprived population from 

the LIDNS sample (III)). In study III, participants with a normal BMI (18.5-24.9 kg/m2) had 

higher mean 25(OH)D levels (49.3 nmol/l) than those in the other categories (p=0.03); 

those with a BMI of 30-34.9 kg/m2 had the lowest levels (41.8 nmol/l). In paper IV (see 

section 7.6) there were marked reductions in the strength of association between 

depression and low vitamin D status (<25 nml/L) when adjusted by BMI, suggesting that 

BMI affects both depression and vitamin D levels (Tables 2 and 3, paper IV, page 3). 
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7.5 Vitamin D and depression (IV) 

Prevalence of depressive symptoms was 22.6% among 85% of participants with 
25(OH)D levels below 75 nmol/I (30ng/ml); in participants with 25(OH)D levels below 50 

nmol/I (20ng/ml, 51.4%), prevalence of depression was 25.8%; and in participants with 
25(OH)D levels below 25 nmol/I (10ng/mI, 9.8%), prevalence of depression was 35.0%. 

See results for paper IV on pages 2-3. 

7.6 Obesity and risk factors for chronic disease in older people (V) 

In 2005, the HSE focussed on older people. 72% of men and 68% of women aged over 
65 were either overweight or obese. Prevalence of raised WC was higher in women 
(58%) than in men (46%). Generalised obesity and abdominal obesity increased among 

men and women from 1993 to 2008. See detailed results for paper V on pages 3-6. 
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8 Discussion 

8.1 Vitamin D status among older people in the community and 
institutions (1,11) 

These original research papers included secondary analysis of the HSE datasets. Data on 

vitamin D among older people was collected for the first time in the HSE series in 2000. The 

annual HSE report had not included the findings on this topic even though they were very 

important and the results had not been disseminated elsewhere. Paper I presenting results 

from the HSE 2000 captured a sample of care home residents, a group often under- 

represented. The evidence showed widespread vitamin D deficiency in older adults, and 

despite a number of initiatives (Department of Health, 1998, Department of Health, 2008) 

there had been no improvement since the previous large study in the UK, the NDNS in 

1994/95 (Finch et al., 1998). 

This research was initiated because it was an important and much needed area of 
investigation. A report on the NDNS among older people had presented results on this topic 

but there had been no further investigation into vitamin D status in older people since 

1994/95, nor examination of associations of vitamin D status with health outcomes. It was 

shown in paper I that vitamin D deficiency existed at worrying levels among people aged Z65 

living in the community and is even higher among people living in institutions. Comparisons 

with the earlier 1994/95 NDNS data (Finch et a/., 1998) showed similar findings. However, 

even with the recognition that this problem existed, no improvement in prevalence was 
found. The multivariate logistic regression analysis in paper I showed that vitamin D 

deficiency (levels below 25 nmol/L) was more common in women than men and among 
those in manual social classes. It was also associated with limiting longstanding illness and 

poor general health: those with poor health may have limited mobility, being unable to go 

outdoors and therefore lacking exposure to sunlight. Overall it highlighted that older people 
from poor socioeconomic backgrounds and poor physical health are at risk of vitamin D 

deficiency. 
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