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Abstract
It has been suggested that bone health in adulthood is programmed by development in utero. Most
previous investigations addressing this topic have focussed on bone mineral density or content, rather
than other indicators of bone health, such as biochemical markers of bone turnover. This study
investigated whether potential predictors, from different stages of life, influence bone resorption in men
aged 49-51 years in the Newcastle Thousand Families birth cohort. The cohort originally consisted of all
1142 births in the city of Newcastle upon Tyne, UK in May and June 1947. Detailed information was
collected prospectively during childhood, including birth weight and socio-economic circumstances. At
49-51 years of age, 574 study members completed a detailed ‘Health and Lifestyle’ questionnaire,
including the European Prospective Investigation of Cancer (EPIC) food frequency questionnaire and
412 study members attended for clinical examination, including 172 men in whom bone resorption was
assessed by measurement of serum β C-telopeptide of type 1 collagen (CTX).
A significant trend was seen between increasingly disadvantaged socio-economic status at birth and
increased bone resorption (p=0.04, r-squared 2.6%). However, birth weight, standardised for sex and
gestational age, was not associated with serum CTX (p=0.77, r-squared 0.05%). Significant trends were
also seen between increasing total energy intake (p=0.03, r-squared 2.9%), dietary intake of saturated fat
(p=0.02, r-squared 2.6%), protein (p=0.04, r-squared 2.5%) and carbohydrates (p=0.04, r-squared 2.6%)
and higher serum CTX. However, on adjustment for total energy intake, none of the other dietary
variables significant at the univariate level maintained significance.
Our findings suggest that early socio-economic disadvantage and later dietary factors may be associated
with increased bone resorption in middle aged men. However, as little of the variance in serum CTX was
explained by the variables included within this investigation, further longitudinal studies, with sufficient
statistical power, are required to assess predictors of bone resorption in adulthood and their relative
importance.
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Introduction
Bone health in adulthood has been proposed to be ‘programmed’ during development in utero, with
studies suggesting that poor fetal and infant growth is associated with decreased skeletal growth, low
bone mass and an increased risk of osteoporosis and fragility fractures in later life. [1-4] However, adult
lifestyle factors which affect the rate of bone loss and fracture risk, may be more important predictors of
adult bone health than fetal factors. [5] It is also possible that other factors in childhood, including socioeconomic deprivation, may affect future bone health, through programming of endocrine function or bone
turnover. [6]
While most previous lifecourse investigations of bone health have concentrated on bone mineral density
(BMD) or bone mineral content (BMC), measurement of the biochemical markers of bone turnover, such
as serum β C-telopeptide of type I collagen (CTX), may add to the understanding of the way in which
bone health may be influenced by a range of factors operating across the lifecourse.
Although most often used in the setting of clinical trials, where they can be used to assess the efficacy of
treatments for osteoporosis, markers of bone turnover are becoming of increasing interest, particularly as
assay precision improves, as a tool for the assessment of patients with bone disease. [7]. Biochemical
markers of bone resorption correlate well with the rate of bone loss, but they also predict fracture risk,
which has been shown, at least in part, to be independent of BMD. [8-9]
The Newcastle Thousand Families cohort provides an opportunity to investigate the fetal, childhood and
later life determinants of bone resorption, assessed by measurement of CTX, in male cohort members. A
previous analysis of the BMD data for this cohort at the age of 50 years showed no significant association
with birth weight, although associations were seen for a number of other factors operating at different
stages of life. [5] However, strong associations were seen in that study between birth weight and skeletal
size, as assessed by scan area. This study aimed to investigate whether a range of factors from fetal life
(birth weight, standardised for gestational age, socio-economic position at birth, position in family) ,
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infancy (duration breast-fed) and adulthood (smoking, achieved height and weight, diet, alcohol
consumption, socio-economic circumstances and physical activity) were related to CTX, as measured at
the age of 50 years in this cohort.

Materials and Methods
Study participants
The Newcastle Thousand Families study began as a prospective study of all 1142 children born in May
and June 1947 to mothers resident in Newcastle upon Tyne, UK. [10] The health, growth and
development of the cohort were followed in great detail up to age 15 years. Throughout the first years of
the children’s lives, all families were visited both on a routine (up to every six weeks during infancy and
at least quarterly until age five years) and ad hoc basis by the study team, which consisted of health
visitors and paediatricians. Children were formally examined by a paediatrician at the end of the 1st, 3rd
and 5th years During the school years, visits were made at least once a year to record height, weight and
any health problems up to the age of 15 years in 1962. Additional data were provided from GP and
hospital consultations, details of which were provided to the study team. Further follow-ups, of subsets of
the original cohort took place in 1969 and 1979.
The cohort underwent a major follow-up at age 49-51 years. Participants were members of the cohort who
were either traced through the National Health Service Central Register or contacted the study team in
response to media publicity. Between October 1996 and December 1998, health and lifestyle
questionnaires were sent out for completion and return and study members invited to attend for clinical
examination which took place over the same time period. The previous follow-ups had received ethical
approval from appropriate Local Research Ethics Committees, while this study received a favourable
ethical opinion from Newcastle and North Tyneside Local Research Ethics Committee.

Investigations at age 49-51 years
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Bone resorption was assessed by measurement of serum CTX on samples collected between 9.00 and
10.00 am after an overnight fast. All samples used in this investigation were collected between 1996 and
1998. Analysis of the samples was carried out in 2008, by electrochemiluminescence in a sandwich
immunoassay (Elecsys 2010, Roche Diagnostic Ltd, Lewes, UK). Inter assay imprecision at 0.15 ug/L
was <5%. [11] BMD, BMC and total bone area of the hip and lumbar spine were measured using a
Hologic QDR 2000 machine (Hologic Instruments, Waltham, MA, USA). [5] The scanning machine had
a coefficient of variation of 0.5% throughout the study period. Height and weight were also measured at
this time using a stadiometer.

Measurement of early life experience
Information on early life was recorded prospectively for all study members. [10] Birth weights, as
recorded by the midwife at the time of the child’s birth, were standardised for gestational age and gender.
[12] Socioeconomic status (SES) at birth (I to V, with I assumed to be the most advantaged and V the
least advantaged) was measured by paternal occupational social class at the time of the child’s birth.
Duration of breast-feeding was defined as the length of time a study member was at least partly breast
fed, as recorded by the health visitors. Position in family was calculated from the number of older
surviving siblings, including half-siblings at the time of the child’s birth.

Measurement of adult socioeconomic position and lifestyle
Social class, the number of pack-years of cigarettes smoked, alcohol consumption and dietary
information, were derived from the returned self-completion questionnaire data at age 49-51 years. [10]
Occupational details of the main wage earner in the household were coded according to the 1990 UK
Registrar General’s Standard Occupational Classification and hence social class was derived.
Four categories of alcohol consumption at were derived: No drinking; light drinking (up to ten units
/week of alcohol); moderate drinking (11-28 units) and heavy drinking (>28 units). In the UK, one unit is
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10ml or 8g of pure alcohol. The number of pack-years of cigarettes smoked (one pack-year = one pack of
cigarettes smoked per day for one year) was estimated from the study members’ smoking habits at ages
15, 25, 35 and 50, as ascertained at age 49-51 years. Total dietary energy intake and dietary intake of
vitamins C and D, protein, carbohydrate, cholesterol, iron, potassium, selenium, thiamine, saturated fats
and calcium at age 49-51 years were estimated from responses to the European Prospective Investigation
of Cancer and Nutrition (EPIC) food frequency questionnaire (FFQ),[13] included within the selfcompletion questionnaire. The EPIC FFQ asks how frequently certain food and drink items have been
consumed over the previous year, with responses converted to nutrient values. Physical activity
assessment at age 49-51 years was based on that used in the Medical Research Council’s National Survey
of Health and Development.[14] Subjects were classed as physically inactive at age 49-51 years if they
never walked more than one mile, did no heavy gardening, ‘do-it-yourself’, cycling, sports or vigorous
leisure activity, and if in work, did no strenuous activity.

Statistical analysis
How representative participants in this study were in relation to the original cohort was tested using chisquared tests. Physical activity was defined as a binary variable. Social class, position in family and
alcohol consumption were defined as ordinal variables and assessed for trend. Other explanatory
variables were treated as continuous linear variables. Relationships between bone resorption and potential
explanatory variables were estimated using multiple linear regression, with serum CTX as the dependent
variable. Dietary variables were included with adjustment for total energy intake within the linear
regression models.[15] The level of variation in serum CTX values explained by each of the independent
variables was assessed by the r-squared value when included within the model. Study members with
missing data were included in all analyses for which they contributed data, although hierarchical models
only used study members with complete data on the set of variables included. Regression coefficients (r),
denoting the increase in serum CTX for a unit increase in the explanatory variable, are presented with
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accompanying 95% confidence intervals (CI). Correlations between dietary variables and total energy
intake were assessed using Spearman Rank correlation. Models were checked for validity in terms of the
assumptions surrounding linear regression modelling, heteroskedasticity (using the Cook-Weisberg test),
omitted variables (using the Ramsey RESET test) and distributions of residuals assessed using normal
probability plots. All statistical analyses were done using the statistical software package Stata, version
10 (StataCorp, College Station, TX).

Results
Of the original cohort, 832 (86% of the surviving sample of 967 children whose families remained in
Newcastle for at least the first year of the study) were traced at age 49-51 years. Of these, 574 completed
the health and lifestyle questionnaire and 412 attended for clinical examination, including assessment of
BMD which has been previously reported. [5] Within this group were 172 men for whom bone resorption
was estimated. Mean serum CTX was 0.11µg (sd 0.07).

This sample did not differ significantly (p>0.05) from the 411 male members of the original cohort not
included in this analysis in terms of any of the factors in early life. Descriptive statistics for all continuous
variables are given in table 1 and for categorical variables in table 2. UK recommended reference nutrient
intakes (RNI) are also given alongside median and inter-quartile ranges for the dietary data included
within this study. [16] Serum CTX showed little correlation with BMD, BMC or bone area of either the
hip, with all correlations between -0.1 and 0.004 and with p-values ≥0.15 (table 3).

Early life
Although standardised birth weight was not associated with bone resorption (unadjusted p=0.77, rsquared 0.05%), a significant trend was seen between increasingly disadvantaged socio-economic status
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at birth and increasing CTX (p=0.04, r-squared 2.6%) (table 4). No significant associations were seen
with position in family or with duration breast-fed.

Adult life
Significant trends were seen between increasing levels of total dietary energy intake (p=0.03, r-squared
2.9%) dietary intake of saturated fat (p=0.02, r-squared 2.6%), carbohydrates (p=0.04, r-squared 2.6%)
and protein (p=0.04, r-squared 2.5%) and increasing levels of CTX. No other adult variables, including
social class at age 50 showed significant associations at the univariate level. On adjustment for total
dietary energy intake, none of the other dietary variables significant at the univariate level maintained
significance. Due to the high level of correlation between total dietary energy and fat intakes (r=0.81,
p<0.0001), neither was significant when included in the same regression model. Total dietary intake was
significantly correlated with each of the dietary variables considered in this investigation (p<0.001).
Thirty percent of study members reported dietary energy intakes relative to predicted basal metabolic rate
of less than 1.1 (indicative of under-reporting) [17] Over half of the study members included in this
analysis reported greater than recommended daily intakes, as defined by RNI, of vitamin C, protein
calcium cholesterol and potassium, while over half reported less than recommended daily intakes of total
energy, , saturated fat, carbohydrate and selenium.
In a model including both social class at birth and total dietary energy intake at age 49-51 years, only
energy intake remained a significant predictor of serum CTX (p=0.02, with p=0.34 for social class at
birth). This model did not show significant evidence of heteroskedasticity, non-normality of residuals or
omitted variables.

Discussion

Summary of findings
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Socio-economic status early in life and dietary saturated fat in adulthood were identified as significant
predictors of a marker of bone resorption in a cohort of males at age 49-51 years. However, neither
explained more than 3% of the variance in serum CTX, suggesting that more important factors not
included within this investigation, including genetic, epigenetic and environmental factors must also have
a role.

Strengths and limitations
An obvious limitation of this study is the small sample size, although it should be noted that in effectively
the same sample of men a number of significant associations have previously been reported in relation to
BMD and bone area. [5] Nevertheless, the possibility that a lack of statistical power may have obscured
some potentially interesting findings remains. The study sample was comparable for all explanatory
variables in early life included in this investigation. In addition, inclusion of cohort members who had
moved out of the study region increased the representativeness of the population studied. Only men were
included within this study due to the perimenopausal status of many of the female cohort members at the
time of sample collection. The possibility of our findings being due to chance rather than a true biological
effect remains, as does the possibility that residual confounding due to factors not available for this
analysis may play a role in explaining our significant findings.
The samples used in this investigation were collected between 1996 and 1998 and analysed in 2008.
Although stability of serum CTX measurements after three years storage as frozen samples has been
demonstrated, [18] it is possible that some degradation of the samples may have occurred during this
longer period of storage. However, degradation is unlikely to have been related to the potential predictors
included in this investigation. Diurnal variation of serum CTX has also been demonstrated previously.
[19] However, as all serum samples were fasting samples obtained between 9 and 10am, this is unlikely
to have influenced our findings. There is also day to day variation in bone turnover markers, which could
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potentially weaken the strength of any association. [20] Reassuringly, inter assay imprecision for serum
CTX at 0.15 ug/L was <5%. [11]

The use of serum CTX as a predictor of bone health
CTX is one of a number of biochemical markers for bone turnover to have been developed. No
correlation was found between serum CTX and any of BMD, BMC or bone area in this study. However,
two studies, in French women, have shown significant positive associations, independent of BMD,
between CTX and risk of hip fracture. [21-22] However, a study of French men aged 50 years or over
found that, while CTX was positively associated with bone mineral loss, there was no association with
fracture risk. [23] Although widely used in clinical trials for assessing the efficacy for treatments of
osteoporosis, [24] CTX is becoming of increasing interest for use in the assessment of patients with bone
disease. However, it is likely that only with increased assay precision and more consistent evidence as to
the association with outcomes, such as bone loss and fracture risk, that CTX will become more widely
accepted for use in clinical practice.

Comparison with previous findings
We have previously shown BMD in the same men at the same age to be associated with family position
and vitamin C intake in adulthood. Neither was associated with bone resorption in this study.
Future risk of osteoporosis has been suggested to be, at least partly, programmed during early life.[1-3]
No association was found in this study between birth weight and bone resorption, nor was one found in
our previous study of BMD. [5] Further, in both studies, the amount of variation in bone outcomes
explained by birth weight was very small. Experiencing childhood in a post-war environment, including
rationing of food, may have resulted in reduced dietary variability than in pre-war birth cohorts. This is of
particular relevance for birth weight for which there was no socio-economic gradient at birth in this
cohort. [25] However, we did find a relationship between SES at birth and bone resorption in this study,
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with increasing resorption being associated with decreasingly advantaged socio-economic status. This
was not independent of later total dietary energy intake, but it is likely that SES at different stages of life
may influence dietary intake in adulthood. While SES at birth or in early life has, like birth weight, been
associated with a range of adverse health outcomes and mortality, [26] we are unaware of previous
studies suggesting a link between early SES and later bone resorption.
A small number of studies have demonstrated associations between bone resorption and dietary factors,
including vitamin C, [27-28] soy isoflavones [29] and potassium, [27] although conflicting results have
also been reported. [30] While univariate associations were seen between serum CTX and dietary intakes
of carbohydrates, protein and saturated fats, none of these associations were independent of total dietary
energy intake. While such an adjustment may be problematic in terms of multi-collinearity, it is also
likely to serve as control for confounding and extraneous variation in dietary nutrient intakes. [15] A
previous investigation using data from this cohort suggested that the dietary questionnaire may have
resulted in the under-reporting of dietary energy intake. We have previously shown that thirty percent of
study members reported dietary energy intakes relative to predicted basal metabolic rate of less than 1.1
(indicative of under-reporting) [17] Other studies have conversely noted an over-reporting of energy
intake, [31-32] suggesting that results concerning self-reported dietary intake should be viewed with
caution. Further, even if the association between serum CTX and energy intake is a true association, our
results suggest that energy intake explains less than 3% of the variation in CTX and a 100Kcal change in
energy intake would only lead to a 0.001µg change in CTX. This corresponds to a change of around one
seventieth of a standard deviation change. It is possible that dietary factors not included within this
investigation may also play a role.

Conclusion
Our findings suggest that, while birth weight does not appear to influence bone resorption, early socioeconomic disadvantage may be associated with increased resorption in adult life, although this may be
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mediated through later dietary influences. As little of the variance in CTX was explained by the variables
included within this investigation, further larger longitudinal studies are required to assess the lifecourse
predictors of bone resorption in adulthood and their relative impacts.
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Table 1.Descriptive statistics for continuous variables
Variable

N

Mean (SD)

Range

Birth weight (kg)a

172

3.38 (0.49)

1.92 to 4.65

Standardised birth weight

172

-0.33 (0.99)

-3.49 to 2.18

Duration of breast fed (months)

170

3.97 (3.94)

0 to 13.7

Lifetime cigarette smoking (pack years) b

112

24.7 (18.3)

0.10 to 101

Height (m)

172

1.73 (0.07)

1.51 to 2.01

Weight (kg)

172

81.0 (12.6)

52.1 to 130.6

Median (IQR)

Range

RNI

Fetal, infancy and childhood life

Adulthood ( measured at age 49-51 years)

N
Total dietary daily energy intake (Kcal)

167

2220 (1699 to 2588)

578.5 to 5044

2500

Total adult dietary daily vitamin C intake (mg)

167

95.9 (65.8 to 131.2)

19.6 to 499.0

40

Total adult dietary daily vitamin D intake(µg)

167

3.04 (2.13 to 5.12)

0.58 to 13.3

-

Total adult dietary daily protein intake (g)

167

87.7 (71.3 to 102.2)

21.7 to 175.8

55

Total adult dietary daily saturated fat intake (g)

167

29.7 (22.8-39.3)

6.62 to 100.8

30

17

Total adult dietary daily calcium intake (mg)

167

959 (744-1254)

165.6 to 2063

700

Total adult dietary daily carbohydrate intake (g)

167

246 (198-301)

83.0 to 616.2

300

Total adult dietary daily cholesterol (g)

167

284 (226-385)

72.2 to 770.2

250

Total adult dietary daily potassium (mg)

167

3873 (3210-4524)

1102 to 7918

3500

Total adult dietary daily selenium (µg)

167

55.3 (43.2-71.9)

21.0 to 140.2

75

a

Birth weight standardised for gestational age and sex in all analyses, but unstandardised summary given in this table.

b

Excluding 58 study members who had never smoked.

SD – Standard deviation
IQR – Inter-quartile range
RNI – Recommended nutrient intake [16]
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Table 2. Descriptive statistics for categorical variables
Variable

Number

%

I,II

21

12.6

III

96

57.5

IV,V

50

29.9

1st

89

51.7

2nd

53

30.8

3rd

15

8.7

≥4th

15

8.7

I,II

79

48.1

III

65

39.6

IV,V

20

12.2

Alcohol consumption at age

None

12

7.1

49-51 years

Light

68

40.0

Moderate

70

41.2

Heavy

20

11.8

Physically inactive at age 49- Yes

14

8.2

51 years

156

91.8

Social class at birth

Position in family

Social class at age 49-51 years

19

No

Table 3. Correlations between serum CTX and BMD, BMC and total bone area at age 49-51 years.
Hip

20

Spine

r

p

r

p

BMD

-0.05

0.53

-0.11

0.15

BMC

-0.06

0.42

-0.08

0.30

Bone area

-0.02

0.83

0.004

0.96

Table 4. Unadjusted regression coefficients (and corresponding 95% confidence intervals) relating
lifecourse factors to serum CTX (µg) in men at age 49-51 years
Source

r (95% CI)

p-value

r-squared
(%)

Early life
Standardised birth weight

0.002 (-0.01, 0.01)

0.77

0.1

Social class at birth

0.01 (0.001, 0.03)

0.04

2.6

-0.001 (-0.004, 0.002)

0.63

0.1

-0.004 (-0.02, 0.01)

0.56

0.2

0.001 (-0.003, 0.01)

0.18

0.5

-0.0002 (-0.007, 0.001)

0.66

0.1

0.008 (-0.006, 0.02)

0.27

0.7

0.01 (-0.01, 0.02)

0.22

0.2

0.001 (0.0002, 0.003)

0.029

2.9

0.002 (-0.01, 0.02)

0.81

0.03

0.002 (-0.002, 0.006)

0.30

0.06

Duration of breast fed (per
30 days)
Position in family

Adulthood (measured at age 49-51 years)
Social class at age 49-51
years
Lifetime cigarette smoking
(pack-years)
Alcohol consumption
Physical activity
Total adult dietary daily
energy intake (per 100
Kcal)
Dietary daily vitamin C
intake (per g)
Dietary daily vitamin D
intake (per µg)

21

Dietary daily protein intake

0.04 (0.001, 0.1)

0.04

2.5

0.01 (0.001, 0.01)

0.02

2.6

calcium

0.02 (-0.01, 0.05)

0.13

1.4

Total adult dietary daily

0.01 (0.001, 0.02)

0.04

2.6

0.001 (-0.00003, 0.001)

0.06

2.1

0.007 (-0.003, 0.02)

0.18

1.1

0.27 (-0.1, 0.7)

0.21

1.0

(per 100 g)
Dietary daily saturated fat
intake (per 10 g)
Dietary

daily

intake (per g)

carbohydrate intake (per
100 g)
Total adult dietary daily
cholesterol (per 10 g)
Total adult dietary daily
potassium (per g)
Total adult dietary daily
selenium (per mg)

22

