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Relation between insulin-like growth factor-I
concentrations, osteoarthritis, bone density, and
fractures in the general population: the Chingford
study

Mark E Lloyd, Deborah J Hart, Dalbir Nandra, Timothy E McAlindon, Michael Wheeler,
David V Doyle, Tim D Spector

Abstract
Objective-To assess the association be-
tween serum insulin-like growth factor-I
(IGF-1) concentrations and osteoarthri-
tis, and bone mineral density, and
fractures in a large group of middle aged
women from the general population.
Methods-761 women aged 44-64 years
from the Chingford study had serum
IGF-I concentrations measured; hand,
hip, spine, and anteroposterior weight
bearing knee radiographs taken; and dual
energy x ray absorptiometry (DEXA)
scans of the hip and spine. X rays were
scored using the Kellgren and Lawrence
system. In addition knee x rays were
scored using a standard atlas for
individual features of osteophytes and
joint space narrowing (both graded 0-3).
IGF-I concentrations were adjusted for
the effects of age.
Results-In the osteoartbritis analysis
results were compared to a constant group
of 155 subjects with no evidence of
osteoarthritis at any site. There was no sig-
nificant difference in serum IGF-I between
these subjects and 606 subjects with
osteoartbritis at any site. When individual
sites were analysed, serum IGF-I was higher
in those cases with more severe bilateral
knee osteoartbritis and in those with distal
interphalangeal (DIP) joint disease. There
was no significant association between
serum IGF-I and other forms of osteoar-
thritis or milder forms ofknee osteoarthri-
tis. There was no correlation between IGF-I
concentrations and bone mineral density at
the spine or hip, nor any difference between
IGF-I concentrations in subjects with and
without a history ofnon-traumatic fracture
[22.8 (SD 6.6) v 23.1 (SD 6.6) nmol litre'1, P
= 0.6]
Conclusions-There is a modest association
between IGF-I concentrations and the
development of DIP osteoarthritis and
more severe or bilateral knee joint
osteoartbritis in women from the normal

population, but no association with other
forms of osteoarthritis, bone density, or
fractures.

(Ann Rheum Dis 1996;55:870-874)

Osteoarthritis and osteoporosis are age related
skeletal conditions characterised by an
imbalance between bone or cartilage formation
and breakdown. Insulin-like growth factor-I
(IGF-I) is an important growth promoting
peptide produced mainly by the liver which
mediates the effect ofgrowth hormone at tissue
level. Unlike growth hormone, IGF-I does not
have a diurnal rhythm and is therefore a
convenient index of growth hormone secretion
to study in large populations. Two lines of
research suggest that IGF-I concentrations
may be important in the development of osteo-
arthritis and osteoporosis. Firstly, IGF-I recep-
tors are abundant in bone and cartilage, and in
vitro work has suggested an anabolic effect of
IGF-I on chondrocytes and osteoblasts.1" Sec-
ondly, IGF-I appears to be involved in the
maintenance of body composition and muscle
strength. Cross sectional studies have shown
correlations between IGF-I concentrations,
strength, and physical fitness34 and an inverse
correlation with adiposity.5 Rudman et al also
showed that administration of recombinant
growth hormone to elderly men increased
muscle mass, reduced adiposity, and increased
bone density.6 As obesity is the strongest
known risk factor for knee osteoarthritis, and
weight is one of the most important variables
associated with bone density, IGF-I might be
expected to be important in both these condi-
tions. However, work looking at serum IGF-I
concentrations and osteoarthritis and oste-
oporosis has been inconclusive. High,7 low,8
and normal9"0 concentrations of IGF-I have
been reported in osteoarthritis, and low"-'"' and
normal'5 concentrations in osteoporosis.
We therefore aimed to study the relations

between IGF-I concentrations and osteoarthri-
tis, bone mineral density, and fractures, using a
large group ofmiddle aged women and data on
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Table 1 Characteristics of the subjects (n=761)

Mean SD Range

Age (years) 54.2 6.0 44-67
Height (cm) 162 6.0 1.44-1.90
Weight (kg) 66.7 11.6 40.4-130
IGF-1 levels (nmol litre-') 23.0 7.0 3.1-66.8
Femoral neck BMD (g cm'3) 0.76 0.12 0.48-1.29
Lumbar spine BMD (g cm-') 0.97 0.16 0.54-1.53
Number ever smokers 346 (45%)
Number ever using HRT 178 (23%)
Number postmenopausal 463 (of 638 where status known = 61 %)
Number with history of knee injury 94 (of 668 where status known = 14%)

HRT, hormone replacement therapy

osteoarthritis obtained at several sites. The

knee was examined in detail using a system
which looked at the individual features of
osteoarthritis, in addition to the conventional
Kellgren and Lawrence scoring system.

Methods
Seven hundred and sixty one women from the
Chingford population had measurements of
IGF-I, hand, hip, spine and knee x rays, and
lumbar spine and femoral neck bone
densitometry. The subjects formed part of an

original cohort of 1003 women aged 45-64
years (mean age 54.2, SD 6.03) participating
in a population study drawn from a large gen-
eral practice in Chingford, north east London,
which has been described in detail previously.'6
Only subjects who had x rays and dual energy
x ray absorptiometry (DEXA) scanning at all
sites were included in the analysis. The
subjects in whom full data were available were
similar to those without full data in terms of
age (54.2 v 54.2 years, P = 0.9), weight (66.7 v

67.8 kg, P = 0.2 ), and height (161.7 v 161.4
cm, P = 0.6). The response rate at the initial
recruitment from an age/sex register at the
practice was 78%. The area is predominantly
middle class, 98% are white, and the
population similar to United Kingdom norms

in terms of heights and weights.
All x rays were performed at first visit, apart

from those of the hip, which were performed at
the second visit. Radiographs of the knee
(anteroposterior weight bearing), hand [in-
cluding proximal interphalangeal (PIP), distal
interphalangeal (DIP), and first carpo-

metacarpal (CMC) joints], and spine were

graded blind by a single observer (DJH)
according to the traditional Kellgren and Law-
rence method. Osteoarthritis was considered
to be present if a joint scored two or more. In
addition knee x rays were graded according to
a standard atlas."7 A scale of 0 to 3 is used, with
0 representing no disease, 1 mild disease, 2
moderate disease, and 3 severe disease. The
advantage of this technique over the Kellgren
and Lawrence system is that it allows grading
of the individual features of osteophytosis and
joint space narrowing, which previous studies
suggest may be of value in looking at the
association of IGF-I and osteoarthritis.79 Hip
osteoarthritis as graded by the Kellgren and
Lawrence method has particularly poor
reproducibility and therefore only an atlas defi-
nition (the presence of femoral osteophytes
and joint space narrowing grade 1 or more)
was used in the study. The intraobserver K
score using the atlas technique was over 0.8.18
At each site, IGF-I concentrations were

compared against a constant group of 155
cases with no evidence of osteoarthritis at any
site. Bone densitometry was performed at the
hip and spine using a Hologic QDR 1000
machine (in 20 healthy controls scanned twice,
precision at the spine was 0.8% and at the hip
1.6%). Details of fracture for the previous 10
years were obtained from self report and
validated by family doctor records for Colles
and hip fracture. For vertebral fracture,
radiographic criteria were used. All women had
a lateral thoracic and lumbar spine x ray at first
visit using standardised methods. A vertebral
fracture was defined as a three standard devia-
tion deformity using the criteria of McCloskey
et al,'9 used by us previously in the Chingford
study.20

After storage at -20°C, IGF-I concentra-
tions were measured using a standard
technique which involves a competitive double
antibody radio immunoassay, using mono-
clonal antibodies.2' The IGF-I results were
normally distributed. Exercise concentrations
were graded using a questionnaire which
assesses weekly walking distance, daily activity,
and sport, each graded on a scale of 1 to 4.
Knee injury was defined as injury severe

Table 2 Mean (SD) IGF-1 levels in cases are compared to the same group of 155 control cases with no evidence of knee,
hand (PIP, DIP, CMC-1), hip or spine osteoarthritis (OA). Results are in nmol litre' and adjustedfor age

Cases Controls P

(i) OA knee (OA grade)
Keligren and Lawrence grade 2 or more either knee 24.2 (8.9) (n=96) 22.2 (7.7) (n=155) 0.1
Kellgren and Lawrence grade 2 or more both knees 27.5 (10.8) (n=41) 22.6 (7.7) (n=155) 0.002
Unilateral knee osteophytes grade 1 or more 21.5 (6.1) (n=56) 22.5 (7.7) (n=155) 0.4
Unilateral knee narrowing grade 1 or more 23.5 (7.1) (n=102) 22.7 (7.7) (n=155) 0.4
Unilateral knee osteophytes or narrowing grade 2 or more 21.9 (6.0) (n=13) 22.9 (7.7) (n=155) 0.7
Bilateral knee osteophytes grade 1 or more 25.3 (10.2) (n=50) 22.6 (7.7) (n=155) 0.06
Bilateral knee narrowing grade 1 or more 24.1 (8.0) (n=189) 22.6 (7.7) (n=155) 0.1
Bilateral knee osteophytes grade 2 or more 27.3 (11.1) (n= 14) 22.8 (7.7) (n=155) 0.05
Bilateral knee narrowing grade 2 or more 30.0 (14.2) (n=19) 22.9 (7.7) (n=155) 0.001
Bilateral knee narrowing or osteophytes grade 2 or more 24.8 (9.7) (n=61) 22.7 (7.7) (n=155) 0.1
Bilateral knee narrowing and osteophytes grade 2 or more 29.7 (18.3) (n=8) 22.9 (7.7) (n=155) <0.0001

(i4 IGF-1 levels at other sites (site)
DIP joint 24.4 (6.9) (n=106) 22.2 (7.7) (n=155) 0.006
PIP joint 24.7 (5.6) (n=33) 22.6 (7.7) (n=155) 0.2
CMC-1 joint 22.8 (6.7) (n=122) 22.3 (7.7) (n=155) 0.6
Spine 23.2 (6.5) (n=487) 22.5 (7.7) (n=155) 0.2
Hip 23.4 (7.9) (n=10) 22.9 (7.7) (n=155) 0.8
Any site 23.2 (6.8) (n=606) 22.5 (7.7) (n=155) 0.3
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enough to require at least one week's rest.
Smoking history and hormone replacement
therapy (HRT) use were defined on the basis of
whether the subjects had ever smoked or had
used HRT for more than six months.

Analysis of covariance using SPSS software
was used to compare IGF-I concentrations in
groups with each osteoarthritis feature against
a constant group of controls from the
population with no evidence of osteoarthritis at
any of the sites studied. There was a strong
negative correlation between IGF-I concentra-
tions and age (r2 = -0.2, P = <0.001) and

Table 3 IGF-1 concentrations in osteoarthritic (OA) knee and otherjoints. IGF-1
concentrations (SD), nmol litre-', in cases compared with the same group of 155 controls
adjustedfor age; age and bone mineral density (BMD); age, BMD, weight and height

OA gradeltype

Kellgren and Lawrence grade 2 or more either knee

Kellgren and Lawrence grade 2 or more both knees

Unilateral osteophytes grade 1 or more

Unilateral narrowing grade 1 or more

Bilateral osteophytes grade 1 or more

Unilateral osteophytes or narrowing grade 2 or more

Bilateral narrowing grade 1 or more

Bilateral osteophytes grade 2 or more

Bilateral narrowing grade 2 or more

Bilateral narrowing or osteophytes grade 2 or more

Bilateral narrowing and osteophytes grade 2 or more

DIP OA

PIP OA

CMC-1 OA

Spine OA

Hip OA

Any form of OA

Cases

24.2 (8.9)
(n=96)
24.2
23.6
27.5 (10.8)
(n=41)
26.8
27.5
21.5 (6.1)
(n=56)
21.4
20.9
23.5 (7.1)
(n=102)
23.6
23.5
25.3 (10.2)
(n=50)
25.5
24.8
21.9 (6.05)
(n=13)
23.0
23.6
24.1 (8.0)
(n= 189)
24.0
23.9
27.3 (11.1)
(n= 14)
27.1
25.0
30.0 (14.2)
(n= 19)
30.0
29.7
24.8 (9.7)
(n=61)
24.8
24.3
39.6 (18.3)
(n=8)
39.6
38.8
24.4 (6.9)
(n=106)
24.3
24.2
24.7 (5.6)
(n=33)
24.5
24.4
22.8 (6.7)
(n=122)
22.8
22.7
23.2 (6.5)
(n=487)
23.2
23.2
23.4 (7.9)
(n= 10)
23.3
22.9
23.2 (6.8)
(n=606)
23.2
23.5

Controls

22.2 (7.7)
(n=155)
22.2
22.6
22.6 (7.7)
(n=155)
22.8
22.6
22.5 (7.7)
(n=155)
22.6
22.8
22.7 (7.7)
(n=155)
22.6
23.5
22.6 (7.7)
(n=155)
22.5
22.8
22.9 (7.7)
(n=155)
22.8
22.8
22.6 (7.7)
(n=155)
22.7
22.9
22.9 (7.7)
(n=155)
22.9
23.1
22.9 (7.7)
(n=155)
22.9
22.9
22.2 (7.7)
(n=155)
22.7
22.8
22.9 (7.7)
(n=155)
22.9
22.9
22.2 (7.7)
(n=155)
22.2
22.2
22.6 (7.7)
(n=155)
22.6
22.7
22.3 (7.7)
(n=155)
22.3
22.4
22.5 (7.7)
(n=155)
22.5
22.5
22.9 (7.7)
(n=155)
22.9
22.9
22.5 (7.7)
(n=155)
22.5
22.6

p

0.1

0.1
0.4
0.002

0.02
0.003
0.4

0.3
0.1
0.4

0.3
0.4
0.06

0.06
0.2
0.7

0.9
0.7
0.1

0.1
0.2
0.05

0.07
0.4
0.001

0.001
0.003
0.1

0.1
0.3
< 0.0001

< 0.0001
<0.0001
0.006

0.06
0.09
0.2

0.2
0.3
0.6

0.6
0.7
0.2

0.2
0.2
0.8

0.9
0.9
0.3

0.3
0.3

therefore all results were adjusted for the
effects of age. Partial correlation analysis was
performed to assess the association between
IGF-I concentrations and bone mineral
density, again with adjustment for age. In addi-
tion subjects were also divided into quartiles of
bone mineral density and IGF-I concentra-
tions compared in the highest and lowest quar-
tiles using analysis of covariance.

Results
The characteristics of the subjects are shown in
table 1. The mean age was 54.2 years. There
was an association between IGF-I concentra-
tions and the more severe grades of knee osteo-
arthritis: bilateral Kellgren and Lawrence
grades of 2 or more; osteophytes graded 2 or
more either side or bilaterally; and joint space
narrowing graded 2 or more either side or
bilaterally. The strongest association was seen
in eight subjects with bilateral narrowing and
osteophytes graded 2 or more. There was also
an association between IGF-I concentrations
and DIP joint disease graded 2 or more (table
2). When IGF-I concentrations were adjusted
for bone mineral density, height, and weight as
well as for age, the difference between cases
and controls was lost in those cases with osteo-
phytes graded 2 or more and in those with DIP
disease (table 3).
Crude correlations showed a modest positive

relation between IGF-I concentrations and
lumbar spine bone mineral density (r' = 0.1, P
= 0.006) but not between IGF-I concentra-
tions and femoral neck bone mineral density (r'
= 0.06, P = 0.08) (table 4). After adjustment
for age, the correlation between IGF-I and
lumbar spine bone mineral density was no
longer significant (r' = 0.03, P = 0.5) and the
correlation between IGF-I and femoral neck
bone mineral density became less significant (r2
= -0.01, P = 0.7). There was no significant
correlation between IGF-I concentrations and
weight, height, smoking history, exercise, or
knee injury.

Subjects were also divided into highest and
lowest quartiles of bone mineral density. No
significant differences in IGF-I concentrations
were seen at the lumbar spine [23.3 (SD 6.6) v
22.4 (6.5) nmol litre', P = 0.2] or femoral neck
[23.0 (7.3) v 23.5 (6.8) nmol litre'1, P = 0.5]
between the subjects in the highest and lowest
quartiles.
A positive association was found between the

presence of osteoarthritis at any site and bone
mineral density after adjustment for age,
weight, height, and IGF-I concentrations.
Osteoarthritis cases (n = 606) had higher bone

Table 4 Crude correlations ofIGF-1

Variable r5 p

Age -0.2 <0.001
Weight + 0.02 NS*
Height + 0.007 NS
Femoral neck BMD + 0.06 NS
Lumbar spine BMD + 0.1 < 0.01
Smoking history + 0.03 NS
Exercise levels 0.006 NS
Knee injury - 0.06 NS
* (NS = P > 0.01).
BMD, bone mineral density
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mineral density than controls with no osteoar-
thritis (n = 155) at the lumbar spine [0.97
(0.16) v 0.94 (0.16) g cm-', P = 0.003] and
femoral neck [0.76 (0.13) v 0.74 (0.1 1) g cm-',
P = 0.04]. The significant difference in bone
mineral density was also present without
adjusting for serum IGF-I.
IGF-I concentrations were also analysed in

relation to confirmed vertebral and peripheral
fractures not related to road traffic injuries sus-
tained in the previous 10 years. In the 73 sub-
jects who had sustained such fractures, IGF-I
concentrations were similar to those subjects
who had not suffered fractures, after adjusting
for age [22.8 (6.6) v 23.1 (7.1) nmol litre-', P =
0.6].

Discussion
Our study shows a modest association between
higher serum IGF-I concentrations and the
presence of DIP joint osteoarthritis and more
severe grades of knee osteoarthritis. At the
knee the fact that the significance increased
with more severe and bilateral grades of
osteoarthritis and was present using two grad-
ing systems suggests that it is unlikely to be a
chance finding due to multiple testing. Why an
association was found at these two sites and not
at others, nor for the group with any form of
osteoarthritis, is not clear. One possibility is
that knee and DIP osteoarthritis represent a
subgroup of osteoarthritis with a different
pathological basis. To explore this further,
IGF-I concentrations were also analysed in the
41 subjects with Kellgren and Lawrence knee
osteoarthritis graded 2 or more bilaterally who
also had DIP joint osteoarthritis graded 2 or
more, and compared to the control group with
no osteoarthritis. IGF-I concentrations were
significantly higher in the group with both
forms of osteoarthritis [27.5 (7.7) v 22.6
(10.8) nmol litre'1, P = 0.02]. This may
support the concept of "generalised osteoar-
thritis"; possibly IGF-I plays a greater role in
this subgroup. It is noteworthy that the
addition of height and weight (a measure of
obesity) reduced the significance of the relation
between IGF-I concentrations and DIP
osteoarthritis and knee osteoarthritis. This
may be related to the important relation
between osteoarthritis and obesity.22 Indeed,
patients with osteoarthritis at these sites had
significantly higher body mass indices than the
controls [30.9 v 24.6 kg m-', P = < 0.001, for
bilateral grade 2 or more osteophytes, and 26.0
v 24.2 kg m-2, P = < 0.001, for DIP
osteoarthritis].
Our findings partly support the work of

Schouten et al.' In a longitudinal study they
found that both the growth and the size of
osteophytes were associated with IGF-I
concentrations, although cartilage loss was not.
Just over half their subjects were women, with a
mean age of 58 years at the start of the 12 year
follow up. In contrast, a smaller study by
Denko et al showed lower concentrations of
IGF-I in 34 elderly white males and females
with osteoarthritis (defined with particular
regard to osteophytes) than in the same
number of age matched controls. Paradoxi-

cally, they also found osteoarthritis to be asso-
ciated with raised growth hormone concentra-
tions.8 A previous study showed no association
between severity of individual features of
osteoarthritis and IGF-I concentrations in 78
elderly subjects (mean age 72 years) compared
to 78 age and sex matched individuals.'" There
are several differences between this study and
ours: the subjects were older and fewer in
number, with more severe disease, and
included men. Hochberg et al used an alterna-
tive knee osteoarthritis grading system similar
to ours to examine 101 women of similar age to
ours, and again found no significant
association between serum IGF-I and osteoar-
thritis, although after adjustment for age, con-
centrations were non-significantly higher in
both sexes in subjects with osteoarthritis.9 It is
possible that the larger numbers in our study
allowed us to show a modest association where
this study did not.
The natural experiment of acromegaly

suggests a causal association between
supraphysiological IGF-I concentrations and
osteoarthritis, although the high incidence of
osteoarthritis in the condition has recently
been challenged. However, against IGF-I con-
centrations being involved in skeletal
development in normal subjects is our finding
that there was no relation with height or
weight, as one would expect subjects with
higher concentrations to attain greater adult
stature. It is possible, though speculative, that
some individuals may maintain their peak
IGF-I concentrations longer into middle age
and thus be prone to more florid osteoarthritic
changes. This might explain the relation
between osteophyte growth rather than
cartilage loss seen by Schouten, although we
were unable to show a clearer association with
osteophytosis over joint space narrowing. Why
both cartilage loss and osteophytes should be
associated with serum IGF-I is not clear; it is
possible that the anabolic effect of IGF-I is
more potent in relation to bone than to
cartilage. Middleton and Tyler2` showed
upregulation of IGF-I gene expression in carti-
lage from osteoarthritic joints, and an explana-
tion for raised IGF-I concentrations in subjects
with osteoarthritis may be local production
from affected joints. However, if local produc-
tion contributed significantly to serum concen-
trations we would have expected IGF-I
concentrations to be higher in the large group
of subjects with any form of osteoarthritis.
No association was seen between serum

IGF-I and bone density in our subjects, nor did
we find an association with fractures. In adults
with growth hormone deficiency, IGF-I
concentrations have been shown to correlate
with bone density,24 and treatment with growth
hormone leads to an increase in bone
density.25 26 The picture is less clear, however, in
otherwise normal adults with osteoporosis.
Four previous studies have suggested that
IGF-I concentrations are low in patients with
osteoporosis"-" and one has shown no
difference compared to normal individuals.'5
These studies focused on individuals with the
severest disease and used different disease defi-
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nitions. Our study examined a much larger
number of women and avoided the difficulties
of defining osteoporosis by arbitrary bone den-
sity concentrations. Nevertheless, by compar-
ing serum IGF-I in those subjects with the
lowest and highest bone mineral densities in
addition to looking at fracture we would still
expect to include subjects with very low bone
density. There is no obvious reason (apart from
possible publication bias) why our results differ
from these previous studies.

In view of the attractive indirect evidence for
a role of IGF-I in the development of osteoar-
thritis and osteoporosis, it is perhaps surprising
that we failed to find a stronger association
between either disease and IGF-I concentra-
tions. There are several possible explanations
for this. Firstly, tissue concentrations of IGF-I
may not correlate with serum concentrations.
Dequeker et al 2 have shown that the presence
of hand osteoarthritis correlated with iliac
bone concentrations of IGF-I. However,
adjustment for age was not made and the
authors point out that other potentially impor-
tant factors not under the control of growth
hormone, including IGF-II and transforming
growth factor 0 (TGFP), were also raised in the
same cases. IGF-I activity is also affected by
the presence of binding proteins which we did
not measure.28 In addition, bone and cartilage
turnover is under the control of a number of
other local factors, including local cytokines,
all of which may have cumulative and
interactive effects.29

In summary, we have found that serum
IGF-I concentrations do not reflect a systemic
tendency to osteoarthritis, osteoporosis or
fractures in this population. There is a sugges-
tion that they are associated with severe or
bilateral knee osteoarthritis and hand
osteoarthritis, which may be a secondary
phenomenon.
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