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Objective. To detennine the vitamin 0 status of older

'coloured' South Africans who had not sustained a

fracture.
Design. Cross-sectional analytic study.

Methods. A random sample of 200 non-institutionalised

subjects in Cape Town aged ~ 65 years was drawn using

a two-stage cluster design. Trained fieldworkers

interviewed subjects to obtain demographic, dietary and

lifestyle data, to draw fasting blood samples for the

analysis of serum 25-hydroxyvilamin 0 (25(OH)O) and
other biochemical parameters. and to take anthropometric

measurements.
Resuhs. Seventeen per cent of the subjects (95% Cl:

11.4 - 22.6%) had serum 25(OH)D levels in the deficient

range for the elderly « 10 nglml); 7.5% (95% Cl: 3.6­

11.4%) had concentrations in the moderately severe range

of deficiency « 8 nglml). Sixty-three per cenl of Ihe

subjects had raised serum alkaline phosphatase
concentrations. Regression modelling showed neither a

sex difference in 25(OH)D levels nor a sex-age interaction;
however, a negative association with age was found

(r = -0.18; P < 0.05). Mean oral vitamin 0 intake was low

(3.6 (SO =2.7) ~g and 2.8 (SO =1.7) ~g for men and
women, respectively), but no association between dietary
vitamin D intake and serum 25(OH)D was found.

Conclusions. The prevalence of suboptimal vitamin D
status was high. However, the interpretation of the data,

with regard to bone health, is limited by the cross­

sectional design of the study. Further investigation is
required to detennine the potential benefits of intervention

in this age group.

S Afr Med J 1996; 86: 1406-1410.

In South Africa, 1.7 million people are aged 65 years and
over, a figure projected to rise to more than 7 million by the
year 2035.1 Bone heatth is a major determinant of quality of
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life in the elderlY' and certainly a major financial drain on
health care resources.] In this regard, it has been estimated
that more than 1.5 million Americans sustain fractures
relating to osteoporosis at an annual cost of $10 biltion,4 an
expenditure which, it is projected, will more than double in
the next 30 years.]

Decreased bone mass is an important factor predisposing
to bone fragility. Apart from nutrition, bone mass is also
influenced by age, genetics, gonadal honnone status,
physical activity, lifestyle and pharmacological agents.s Bone
health throughout life is primarily dependent on the complex
interrelationship between parathyroid hormone (PTH),
vilamin 0 and ils metaboliles (25-hydroxy (25(OH)D) and
1.25-dihydroxy vilamin 0 (1.25(OH),D)), as well as calcium;'
other important nutrients associated with bone health
include vitamin C, protein, trace elements and vitamin K.

Vitamin D' 8 and calcium~12 status is known to be adversely
affected by age. Although marginal status of these nutrients
has frequently been reported in the elderly,1J the populations
studied tend to be biased towards institutionalised elderly,
hospitalised patients, or patients who present with specific
medical conditions such as osteoporosis and fractures.
Such information has, however, not been documented in
non-institutionalised elderly 'coloured' (mixed ancestry)
South Africans who have not sustained a fracture.

Methods
A sample of 200 non-institutionalised coloured subjects (104
women; 96 men) aged 65 years and older and resident in
Cape Town was recruited for a cross-sectional analytic
study using a two-stage cluster sampling technique. The
study area consisted of suburbs in Cape Town, spanning
four magisterial districts, BeJlville, Goodwood, Cape Town
and Wynberg. ApproXimately 18 500 coloured elderly lived in
this area, which was subdivided into 21 sub-areas,
according to the enumeration areas of the 1991 Population
Census data. 14 A random sample of 10 of the sub-areas was
selected, proportional to the number of elderly living there.
At the second sampling stage ten random starting points
were selected in each sub-area. The fieldworker started at
each point and systematically screened the households in a
prescribed way until an elderly man or woman was found.
Exclusion criteria included institutionalisation and mental
confusion, assessed on the basis of a subject's inability to
answer three questions relating to his/her name, address
and the current year. The study formed part of the
International Union of Nutritional Sciences Committee on
Nutrition and Ageing's cross-cultural studies on food habits
and health in later life.15 Written informed consent was
obtained from all participants and the study was approved
by the Ethics and Research Committee of the University of
Cape Town and Allied Teaching Hospitals.

Trained fieldworkers interviewed subjects in their homes to
obtain demographic, dietary and lifestyle data, to draw
blood samples and to take anthropometric measurements.
Physical activity levels were assessed by asking the
subjects to estimate the duration of time spent performing
five common activities (walking, light and heavy housework,
gardening and participating in a sport) during the week prior
to the interview. Dietary intake was assessed using a
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validated quantified food frequency questionnaire, using the
past month as the reference period; the dietary methods are
described elsewhere. 16

Height and weight were recorded and body mass index
(BMI) was calculated as weight (kg)/height squared (m').
Fasting blood samples were drawn from all consenting
subjects (N:=: 191) for the determination of serum albumin,
calcium, alkaline phosphatase, phosphate, urea, creatinine
and electrolytes (Hitachi 747 auto-analyser) and serum
25-hydroxyvitamin D (25(OH)D) values"

Differences bet'vveen the variables according to sex were
tested using the Wilcoxon 2-sample test. Regression
modelling was used to investigate the association between
25(OH)D concentrations and sex and age. The associations
between 25(OH)D and oral vitamin 0 intake, BMI, serum
calcium and serum alkaline phosphatase levels by sex were
investigated using Spearman correlation coefficients.

Results
The mean age of the subjects was 73.7 years (SO :=: 5.9;
range 65 - 92 years). The age distribution of the sample
was similar to that of the national coloured population aged
65 years and older, 1~ for both sexes. The mean serum values
and percentile distribution for the measured biochemical
parameters relating to bone health (serum calcium,
phosphate, alkaline phosphatase and 25(OH)D) are shown in
Table I. All mean values were within the normal laboratory
ranges except for alkaline phosphatase, which was marginally
above the upper limit of normal (> 70 lUll). Hypocalcaemia
« 2.1 mmoVI) was not seen in any of the subjects, whereas
marginal hypophosphataemia (> 0.63 - < 0.80 mmol/l) was
recorded in 5 men and hypercalcaemia (> 2.6 mmolJl) in 2
women. In contrast, 63% of the subjects had raised serum
alkaline phosphatase concentrations; 22% had serum
alkaline phosphatase levels which exceeded 100 lUll, and
2% had levels exceeding 200 lUll. Alkaline phosphatase
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levels were not associated with age in either sex, and were
negatively correlated with 25(OH)D levels in men (r:=: -0.28;
P < 0.05) and women (r = -0.40; P < 0.0001). Serum
electrolyte, urea and creatinine concentrations were within
the laboratory normal range in all subjects. Mean serum
gamma-glutamyl transferase (GGT) concentrations fell within
the normal range for both men and women (32 (49) and 23
(24) lUll, respectively); however, GGT was raised (> 40 lUll) in
13 (14%) men and 7 (7%) women tested. In 3 of the men
with this derangement, the mean corpuscular volume of red
cells was increased, suggesting excessive alcohol intake
even though these subjects also had marginal increases of
serum alkaline phosphatase activity. In most cases, the
derangement of GGT was accompanied by mild
derangements in serum alkaline phosphatase activity.
Reported alcohol intake was low for both men and women
(3.0 (7.4) and 0.3 (1.4) g/day, respectively).

The percentages of men and women with nutrient intakes
of less than 100% and 67% of the RDN B are shown in
Fig. 1. Mean dietary vitamin 0 intake fell below the RDNs of
5 ~g/day (3.6 (SD = 2.7) ~g and 2.8 (SD = 1.7) ~g for men
and women, respectively; P < 0.05). Mean dietary calcium
intake, which did not differ between the sexes, was
490 mg/day (Le. 61 % of the RDA). Mean daily protein
intakes of 1.1 (0.5) g/kg body weight for men and
1.0 (004) g/kg for women were assumed to indicate an
adequate dietary intake. '9 No association was found
between dietary vitamin 0 intake and serum 25(OH)D.

Seventeen per cent of the subjects (95% Cl: 11.4 ­
22.6%) had serum 25(OH)D levels in the deficient range for
the elderly (i.e. < 10 ng/ml) (19.3% and 15.6% for men and
women, respectively);7 7.5% (95% Cl: 3.6 - 11.4%) had
serum levels which were in the moderately severe range of
deficiency « 8 ng/ml).2Q Regression modelling showed no
sex difference or sex~age interaction in 25(OH)D levels;
however, an age effect was found (P < 0.05). A combined
correlation for both sexes was therefore performed for age
and 25(OH)D, which yielded a weak negative association

Table I. Summary statistics for serum albumin, calcium, 25(OH)D, phosphate and alkaline phosphatase

Parameter No. Reference range Mean SO 0, Median 0, Q~ - °1
Albumin (g/I)

Men 93 35 - 60 45 3.9 43 45 47 4
Women 97 44 3.7 42 44 47 5
Total 190 44 3.8 42 45 47 5

Calcium (mmolll)
Men 93 2.10 - 2.60 2.38 0.09 2.31 2.38 2.44 0.13
Women 97 2.39 0.12 2.30 2.38 2.47 0.17
Total 190 2.38 0.11 2.30 2.38 2.45 0.15

Phosphate (mmotll)
Men 92 0.80 - 1.40 1.04 0.17 0.92 1.04 1.17 0.25
Women 95 1.14 0.15 1.03 1.14 1.24 0.21
Total 187 1.09 0.16 0.97 1.08 1.21 0.24

25(OH)D (ng/ml)
Men 83 > 10 14.5 4.7 10.4 14.2 18.0 7.6
Women 90 15.1 5.1 11.5 15.6 18.2 6.7
Total 173 14.8 4.9 10.9 14.9 18.1 7.2

Alkaline phosphatase (lUll)
Men 93 30 - 70 87 52 61 77 96 35
Women 97 93 65 65 79 98 33
Total 190 90 59 64 78 98 34

Q, 0; 25th pefCentl1e: Q, " 75th percefltile: 0, - C, "'- interquartile range.
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Discussion

Serum 25(OH)D was found to be positively associated
with BMI in men (r = 0.39; P < 0.0005); however, no
association was found for women. BMI decreased
significantly with age in women (r = -0.25; P < 0.05), but no
age effect was found for men. The reported time spent
performing outdoor physical activities was low. In most
cases, subjects spent less than an hour a week either
walking, gardening or participating in a sport

This study found, for the first time, that the elderly coloured
population of Cape Town has a high prevalence of
suboptimal vitamin 0 status, as determined by serum
25(OH)D levels. In addition, the prevalence of raised serum
alkaline phosphatase concentrations (> 100 IU/Q was found
to be 22% and was not associated with gender.

The low serum 25(OH)D levels found in this sample of
elderly subjects are consistent with findings from studies of
elderly populations in other countries. In North America and
Scandinavia, nearly 25% of healthy elderly subjects have
low values in the winter but fewer than 5% have low levels
throughout the remainder of the year.21

-
26 In the UK, 7% of

925 elderly subjects studiedB were found to have very low
serum 25(OH)D levels « 5 nglml); similarly, in New Mexico,
USA, 15% of healthy, free-living elderly subjects had low
serum 25(OH)D concentrations « 8 nglml);" the greatest
frequency of low levels occurred during the late winter and
early spring. In the present study in Cape Town Oatitude
35°S), blood samples were collected during the late winter
months of August and September.

Seasonal variations in plasma concentrations of 25(OH)D
have been well documented.8.21

-29 In South Africa, these
seasonal variations in plasma levels in the elderly have been
associated with the prevalence of fractures of the femoral
neck, in spite of an abundance of sunlight in the-eountry.30 In
this regard, a recent in vitro stUdy demonstrated a significant
seasonal variation in the production of vitamin 0 from its
precursor in the skin, 7-dehydrocholesterol, through sunlight
exposure in Cape Town; minimal vitamin 0 was formed
during the winter months of May to September inclusive.31 It
may therefore be assumed that the distribution of serum
25(OH)D levels found in the present study probably
represents lower values than those expected in the summer
months of the year and implies a greater reliance on dietary
sources of vitamin 0 in winter months. A decrease in the
seasonal variation of 25(OH)D concentrations in older British
subjects with age has been demonstrated and has been
attributed to an accompanying decrease in outdoor physical
activity levels.6Although the majority of the subjects in the
present study reported high levels of mobility and an
absence of physical disability,16 the time spent performing
outdoor physical activities was very low. However, the
questions relating to physical activity levels lacked sensitivity
in assessing habitual exposure to ultraviolet light and further
analyses in this regard were not warranted.

Obesity has been shown to be associated with lower
25(OH)D levels.32 The mechanism for this remains unknown;
it is hypothesised that there is a greater uptake of vitamin 0
by adipose tissue or that its metabolic clearance is
increased. In contrast to the findings of previous studies,
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Fig. 1. Percentage of subjects with nutrient intakes below 100%
and 67% of the RDA - men (above) and women (below).

(r ~ -0.18; P < 0.05) (Fig. 2). Mean 25(OH)D levels,
according to the age categories 65 - 74 years and 75+
years, were 15.0 (4.8) nglml and 13.6 (0.6) nglml for men
and 16.1 (5.2) nglml and 13.4 (4.6) nglml for women,
respectively.

Fig. 2. Association between age and serum 25(OH)O.
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BMI was positively associated with 25(OH)D levels in men in
the present study; no association was found in women, Age
appears to be a confounding factor in this association since
BMI decreased significantly with age in women but not in
men,

Dietary intake of vitamin D in this study was low,
consistent with the dietary trends reported for other elderly
populations.5

.:>:l.34 However, in contrast to these studies, no
association was found between oral vitamin D intake and
serum 25(OH)D concentrations, In the elderly vitamin D
status may be compromised not only by an inadequate
dietary vitamin 0 intake but also by the age-related decline
in the absorption of the vitamin,~ by gastro-intestinal surgery
and malabsorption, as well as by impaired hepatic
metabolism associated with liver disease or anticonvulsant
therapy,36

Vitamin D has complex effects on bone metabolism and
the exact role and implications of various serum levels
across the normal range are uncertain in elderly populations.
In the elderly, hYPovitaminosis D is associated with an
elevation in serum alkaline phosphatase levels.34

.
37 ,3a Although

the concentration of the latter is known to increase with
age3 / and with hepatic dysfunction,3a the concomitant high
prevalence of suboptimal serum 25(OH)D levels in this study
may be indicative of early underlying bone disease. It may
be argued that the hypophosphataemia seen in a small
number of the subjects supports this interpretation, since
serum calcium and phosphate alterations vary, depending
on the stage of severity of osteomalacia, and do not
significantly decrease until serum 25(OH)D concentrations
decrease to below 2 ng/ml.39 Certainly in this regard, mean
serum calcium, although within the given normal range, was
nevertheless significantly (P < 0.01) lower in the group of
subjects with serum 25(OH)D concentrations of < 8 ng/ml.
The interpretation of these findings is, however, severely
hampered by the lack of serum PTH measurements in this
study. With regard to other causes of raised alkaline
phosphatase concentrations, it is noteworthy that the level
of GGT, a sensitive but somewhat nonspecific marker of
hepatocyte dysfunction, was increased in 10% of subjects,
which is likely to be related to an excessive alcohol
consumption. Although reported alcohol intake was low, the
analyses of GGT, together with high identified prevalences of
macrocytosis, raised serum ferritin levels and folate
deficiency in the men,'6 suggest that habitual alcohol intake
was probably under-reported.

The role of vitamin 0 deficiency in the aetiology of
osteoporosis is not well established; however, the available
evidence indicates that an adequate vitamin D status (as
determined by dietary intake or vitamin 0 supplementation)
is inversely related to age-related bone loss, its prevention
and the prevalence of fractures. oIO

.41 Whether the beneficial
preventive effect of the vitamin is because it facilitates
adaptation to marginal dietary calcium intake, or because of
direct extra-intestinal effects of the vitamin and its
metabolites, is not clear at present. A consensus seems to
be emerging that the prevention of vitamin D deficiency in
the elderly, who are unable or unwilling to obtain adequate
sunlight exposure, requires oral vitamin 0 supplementation.;t2
The lower seasonal fluctuation in serum 25(OH)D shown in
the elderly in the USA versus older adults in European
countries provides further evidence that dietary factors are
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important in the maintenance of optimal vitamin D status.
Both older and younger adults in the USA have a higher
vitamin D intake than in Europe due, in part, to the vitamin D
fortification of dairy products and higher eral
supplementation.~2 This is of particular relevance to the
population studied since, although the prevalence of
osteoporosis and the incidence of fracture rates are
unknown, the appendicular bone mass of coloured South
Africans has been shown to be significantly lower than that
of sex- and age-matched Caucasians.43

In conclusion, although the cross-sectional design of the
present study limits the interpretation of the data on vitamin
o status in respect of bone health, the relative health risks of
low serum 25(OH)D concentrations in the elderly are well
documented in the literature. Randomised controlled trials
are required to evaluate the potential benefits of any
intervention in this age group. The importance of genetics to
bone mineral density is undisputed; however, preventive
measures such as physical exercise, moderate alcohol and
caffeine consumption, smoking cessation, and eating
sufficient calcium- and vitamin D-rich foods are known to
influence the attainment of peak bone mass, the onset of
bone loss and the rate of bone loss and its consequences,
as manifested in fractures.
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Bone marrow and
chelatable iron in patients
with protein energy
malnutrition

Objectives. To examine the iron status of malnourished

children by comparing bone marrow iron deposits in
children with protein energy malnutrition with those in

well-nourished controls, and measuring chelatable urinary
iron excretion in children with kwashiorkor.

Design. Bone marrow iron was assessed histologicaHy in
postmortem specimens from children with kwashiorkor or
marasmus, and from controls. Twenty-four-hour urinary

iron was measured in children with severe kwashiorkor,
half of whom received 10 mg/kg of intramuscular
desferrioxamine (DFO) on admission.

Setting. Red Cross War Memorial Children's Hospital,
Cape Town.

Subjects. Thirteen children with kwashiorkor, 6 with

marasmus and 16 well-nourished children underwent bone

marrow examination. Urinary iron excretion was assayed
in 17 children with kwashiorkor.

Results. Stainable iron was present in the bone marrow

of half the children with kwashiorkor but in only 1 child in

each of the other groups. The median iron excretion was
945.5 IJgl24 hours in the DFO group compared with

28.5 ~g/24 hours in the non-DFO group.

Conclusions. There is an apparent excess of iron which
may predispose to bacterial infections and free radical­
mediated injury in children with kwashiorkor.
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Iron acts as a catalyst in Haber-Weiss and Fenton-type
reactions, causing the production of noxious tissue­
damaging hydroxyl-free radicals associated with diseased
states,l.2 Free radicals are thought to be important in the
genesis of kwashiorkor, There is evidence that iron for the
promotion of .free radicals may be available in patients with
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