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Objective: To study the association between change in the body mass index (BMI) at different ages and
the risk of a later total hip replacement (THR) due to primary osteoarthritis (OA).

Design: A total of 265,725 individuals who had two repeated measurements of weight and height were
included from national health screenings. These individuals were followed prospectively. The data were
matched with the Norwegian Arthroplasty Register and 4,442 of these individuals were identified as
having received a THR for primary OA. Cox proportional hazard regression was used to calculate sex-
specific relative risks for having a THR according to age at screening and BMI change.
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Hlijll) emiology Results: Men and women aged 20 years or younger at the first screening in the quartile with the greatest
Obesity BMI change per year had more than twice the risk of later having a THR compared with those in the
Weight gain quartile with the smallest BMI change per year. For men older than 30 years at the first screening, there

was no relationship between BMI gain, or weight gain, and later risk of THR. For older women, BMI gain
was associated with risk of THR, but to a lesser degree than in younger women.
Conclusion: There was a clear relationship between change in BMI and the risk of later THR in young men
and women, whereas the association was absent in older men and weaker in older women. It is
important to focus on weight control to prevent future OA, and the preventive strategy should be focused
on the young population.

© 2011 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.

Knowledge of the pathogenesis and risk factors for hip osteo-
arthritis (OA) is increasing. A strong hereditary component has
been identified'™, and high body mass index (BMI), and high
physical activity are established as strong risk factors®~'?, as is
previous joint injury >4,

BMI is a modifiable risk factor; therefore, studies of the effect of
weight change on development, progression and treatment of OA
would provide valuable information that could be used to advise
people about lifestyle changes to prevent future OA.

Weight reduction has proven effective in relieving pain in
symptomatic knee OA'>, and it has been associated with lower risk
of knee OA later in life'®. Weight gain from normal to obese weight
in adult life has also been shown to lead to a higher risk for needing

* Address correspondence and reprint requests to: H. Apold, Orthopaedic
Department, Oslo University Hospital, 0407 Oslo, Norway. Tel: 00-47-95-87-71.
E-mail address: hilde.apold@medisin.uio.no (H. Apold).

a total knee replacement!”. An increase in BMI in early adult life was
associated more strongly with later knee OA than an increase in
BMI in middle age'®.

Two studies have investigated the effect of weight change on the
risk of having a total hip replacement (THR). One study examined
the effect of spontaneous weight change between ages 34 and 47
years in 38,868 men and women and found no effect'. The Nurses’
Health Study included 93,442 female nurses and found a moderate
effect of weight gain from the age of 18 years until the date of THR,
and no effect of weight loss2°. A third study investigated the effect
of weight change between ages 20 and 49 years on self-reported
hip OA in 1,180 male physicians'®. This study found no effect of
weight change, but with only 26 men reporting hip OA, the power
to detect an association was limited.

In the Nurses’ Health Study, the recalled BMI at 18 years was
highly associated with later THR, more than BMI close to the date of
THR?. A large cohort study of almost 1.2 million individuals also
found that the impact of a high BMI on the risk of having a later THR
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was much higher at a young age®!, which indicates that the risk for
OA is established early in life.

Animal studies have revealed changes in the architecture and
collagen content of the cartilage during growth and maturation?.
The timescale of this maturation in humans is not elaborated. The
authors of the animal study indicate that regular physical exercise
with physiological loading at a young age may prevent future OA.

The current study investigates the effect of change in BMI on the
risk of having a THR for primary OA. Previous studies have found no
effect of weight gain in middle age'®, but a difference in the impact
of a high BMI between different age groups®!; therefore, this study
assesses the effect of weight gain in subgroups of patients according
to age. The study hypothesis is that weight gain in young adults is
more damaging to the hip joint than weight gain later in life.

Patients and methods

The National Health Screening Service (now the Norwegian
Institute of Public Health) has performed a series of population-
based health screenings in Norway, including a nationwide
compulsory tuberculosis screening during 1963—1975%3, and
numerous cardiovascular screenings from 1974 to 199924, In addi-
tion, population-based health screenings have been performed in
the city of Oslo?>, Tromsg?®, and the county of Nord-Trgndelag®’.

Information obtained in the screenings varies according to the
different purposes of the screenings. We gathered information from
these surveys on weight and height measured twice in 304,011
individuals. The first weight and height measurements were from
screenings performed between 1963 and 1975; the Tuberculosis
Screening®?, and the Oslo Study®’. The second weight and height
measurements were obtained from screenings performed between
1974 and 1997; the First and Second Cardiovascular Survey of
Oppland, Finnmark and Sogn og Fjordane, the Second and the Third
Tromse Study, the First Nord-Trendelag Health Study (HUNT), and
the 40-year Surveys. Body weight and height were measured in
a standardized way at a consultation in all the included screenings.
The second screening also included information on smoking habits,
which were classified as never smoker, former smoker, or current
smoker. Data from the health surveys were matched with the data
on THRs performed from the Norwegian Arthroplasty Register
using the national 11-digit personal identification code. The
Norwegian Arthroplasty Register was started in 1987 by the
Norwegian Orthopedic Association®®. The operating orthopedic
surgeon submits a standardized form to the register for each
arthroplasty performed. The form contains information about the
patient, the diagnosis that leads to the arthroplasty, the procedure
and the type of implant used. The Norwegian Arthroplasty Register
was fully operational from 1989. Data on death and emigration
were collected from the Norwegian Registry of Vital Statistics.

The start of follow up in this study was January 11989, except for
individuals who had their second weight measured in a health
survey performed later than January 1 1989. For these, the start of
follow up was the date of the second weight measurement. End of
follow up was February 1 2006. There is no information on THRs
performed before the start of follow up, except for 242 cases where
there is information on surgery performed before the start of follow
up that was given in connection with later surgery and is found in
the Norwegian Arthroplasty Register. These cases were excluded.

Inclusion: all individuals invited to the Tuberculosis Screening
or the Oslo Study who also participated in later screenings, and so
had their weight and height recorded twice, were included in the
study.

Exclusion: all individuals younger than 16 years at the first
screening (n = 29,764), or older than 80 years at the start of follow
up (n=2,816) were excluded. Individuals were also excluded if

they: had their second weight and height measurement after they
had received a THR (n = 133); had already received a THR before
start of follow up, according to the Norwegian Arthroplasty Register
(n=242), or had died or emigrated before start of follow up,
according to the Norwegian Registry of Vital Statistics (n = 4,864).
Also excluded were individuals who had information in the register
about revision surgery, but no information on primary surgery, and
individuals for whom there were irregularities in the data from the
Norwegian Arthroplasty Register (n = 467).

A total of 304,011 individuals had repeated measurements of
weight and height. Of these, 265,725 were eligible for the study
after exclusion.

BMI was calculated as weight (in kilograms) divided by height
(in meters) squared. Change in body stature was expressed as
change in BMI per year: the difference in BMI between the last and
the first screening divided by the number of years between the
screenings (ABMI/Year). The cohort was divided into quartiles
according to the change in BMI per year and the quartiles with
greater changes in BMI per year were compared with the quartile
with the least change in BMI per year (the reference quartile). There
are some limitations to the use of change in BMI per year as an
exposure variable. There is no information on how each individual’s
stature evolved between the two screenings, e.g., if he or she gained
weight rapidly during 1 year, or if the weight change was gradual
throughout the whole interval between the two screenings.
Because of this uncertainty, the analyses were also performed using
absolute weight change in kilograms between the two screenings.

The cohort was divided into strata of 10 years according to the
age at the first screening, and the results are presented accordingly.
For example, for the strata who were 20 years and younger at the
first screening, the effect of weight change between screenings was
studied at mean ages of 18 and 41 years (Table I). The cohort was
also stratified by sex.

Adjustments were made for the continuous variables age, BMI
and height at the first screening, and for the smoking habits
recorded at the second screening. Analyses were also performed
with BMI and height measured at the first screening, categorized
into sex-specific quartiles.

The analyses were performed as a survival study using the Cox
proportional hazard regression method, calculating hazard ratios
(hereafter called relative risks) for having a THR. The event was
defined as the first recorded THR performed for the diagnosis of
primary OA. Censoring occurred for THR performed for diagnosis
other than primary OA, for death, for emigration, and at end of
follow up.

Tests and visual inspection of plotted scaled Schoenfeld resid-
uals®® showed that the proportional hazard assumption of the Cox
model was satisfied. The analyses were performed using the
statistical program package SPSS version 16 (SPSS Inc., Chicago, IL,
USA), and the statistical software R, version 2.9.0 (R: A language and
environment for statistical computing. Foundation for Statistical
Computing, Vienna, Austria. ISBN 3-900051-07-0, URL http://www.
R-project.org).

The study was approved by the Data Inspectorate and the
Regional Committee for Research Ethics in Norway.

The numbers of individuals included in the tables may vary
slightly due to some missing values.

Results

A total of 124,894 men and 140,831 women were included in the
study. The mean time between the two screenings was 18.1 years
[standard deviation (SD) 4.8] and was somewhat longer in the
youngest age group (Table I). Mean follow-up time was 15.3 years
(SD 2.5). The mean increase in BMI between the two screenings was
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Table I
Background characteristics of the cohort of 265,725 participants according to age at the first screening
Age group at first screening (y)
<20 21-30 31-40 41-50 51-60
Men

No. 46,606 44,665 20,610 10,038 2,969
Age at first screening (1963—1975)* 17.8 (1.3) 244 (2.6) 35.6(2.8) 444 (2.6) 54.6 (2.6)
Years between screenings* 21.8 (3.5) 16.5 (3.3) 134 (4.5) 16.4 (4.5) 16.0 (1.5)
Age at second screening (1974—1997)* 40.2 (3.4) 41.3 (2.7) 49.5 (5.6) 61.3 (5.7) 71.1 (2.8)
Age at start of follow up (01.01.1989, or for persons with second 40.9 (1.6) 439 (3.1) 56.7 (3.9) 65.2 (3.0) 75.0 (2.7)
screening after 01.01.1989, date for second screening)*

Age at end of follow up (01.02.2006)* 54.6 (2.2) 60.2 (3.6) 73.1(3.6) 80.9 (2.5) 90.5 (2.4)

Women
No. 51,417 52,783 21,875 11,105 3,647
Age at first screening (1963—1975)* 17.9(1.4) 24.1 (2.6) 35.6 (2.8) 445 (2.6) 54.6 (2.6)
Years between screenings* 21.9 (34) 16.7 (3.3) 13.9 (4.7) 16.9 (4.2) 16.0 (1.5)
Age at second screening (1974—1997)* 40.3 (3.3) 41.3 (2.6) 50.0 (5.8) 61.9 (54) 71.1(2.8)
Age at start of follow up (01.01.1989, or for persons with second 41.0 (1.6) 43.8 (3.1) 56.9 (4.0) 65.4 (2.9) 75.1 (2.7)
screening after 01.01.1989, date for second screening)*
Age at end of follow up (01.02.2006)* 54.7 (2.3) 60.1 (3.7) 73.5 (3.5) 81.2 (2.6) 90.8 (2.4)

= Mean (SD).

2.45 kg/m? (SD 2.64) for men, and 1.76 kg/m? (SD 3.0) for women,
with a corresponding mean increase in weight of 8.4 kg (SD 8.4) in
men, and 5.1 kg (SD 8.3) in women (Table II). During follow up, 1,521
men, and 2,921 women received their first THR because of primary
OA. A total of 1,945 individuals were censored because they received
the prosthesis for a condition other than primary OA. The main
indications for surgery in these cases were dysplasia (n =705) and
sequelae after hip fracture (n=616). A total of 30,980 individuals
were censored because they died or emigrated during follow up.

The cohort was divided into groups according to age at the first
screening. Men aged 20 years or younger in the quartile with the
greatest BMI change per year had a more than double relative risk
of having a THR compared with men in the same age group in the
quartile with the smallest BMI change per year. The corresponding
relative risk in men aged 21—30 years at the first screening was 37%.
There was no statistically significant increased risk associated with
change in BMI in men aged over 31 years at the first screening
(Table III).

For women aged 20 years or younger at the first screening, the
relative risk of having a THR in the quartile with the greatest BMI
change per year was also more than double that in the quartile with
the smallest BMI change per year. An increased relative risk for
women in the quartile with the greatest BMI change per year
compared with that with the smallest BMI change per year was
found to a lesser degree in those aged 21—30 years, and 31—40
years at the first screening. In the oldest age group of women,

Table II
Change in BMI, weight and height for the 265,725 participants according to the age
at the first screening

Age at the first Change in BMI kg/m? Change in weight Change in height

screening (y) (mean; SD) kg (mean; SD) 'm (mean; SD)
Men
17-20 3.94 (2.64) 14.40 (9.15) 24 (34)
21-30 2.11(2.23) 6.92(7.17) 0.2(1.3)
31-40 0.95 (1.89) 2.66 (5.83) -0.3(1.4)
41-50 0.77 (2.05) 1.71 (6.30) -0.8(14)
51-60 0.30 (2.06) 0.05 (6.19) -1.0(14)
Women
17-20 2.49 (3.29) 7.59 (8.99) 1.1(1.5)
21-30 1.78 (2.80) 5.16 (7.56) 0.4 (14)
31-40 0.93 (2.54) 2.20 (6.56) -0.3(1.5)
41-50 0.68 (2.69) 0.96 (6.96) -1.0(1.6)
51-60 —0.35(2.84) —2.20(7.19) -1.5(1.8)

51-60 years at the first screening, the quartile with the greatest
BMI change per year had a statistically significant increased risk
compared with the quartile with the smallest BMI change per year
(Table IV).

Additional analyses were conducted with the covariates BMI
and height at the first screening, categorized into sex-specific
quartiles, and gave similar results (data not shown). Analyses
with BMI from the first screening categorized into quartiles specific
for each 10-year age group also showed comparable results.

The possibility of an interaction between the first measured BMI
and the change in BMI was investigated using an interaction term
and no interaction was found.

Multivariate analysis was conducted with BMI change per year
as a continuous variable (Table V). There was a six-fold increased
relative risk per 1 kg/m? increase in BMI per year for men aged 20
years or younger at the first screening. For men in the older age
groups there was no significant increase in risk. There was also
a markedly increased relative risk associated with BMI change per
year for women aged 20 years or younger at the first screening. The
relative risk associated with BMI change per year was also elevated,
but to a lesser degree, for women in the age groups 21—30 years,
3140 years and 5160 years.

The analyses were also performed using absolute weight change
in kilograms (Table V). The results followed the same trends as
those observed for BMI change per year. An effect of weight gain in
men was only seen in those aged younger than 31 years at the first
screening. In the youngest age group, a 10 kg weight gain was
associated with a 33% increased risk of having a THR in men, and
a 24% increased risk in women.

As the first screenings were performed over a period of 12 years
(1963—1975), the analysis was repeated stratified to whether the
first screening was early or late in the period, dividing the period in
two by using the median. This did not have any effect on the results
(data not shown).

High BMI at the second screening was not in itself a risk factor
for needing a THR. The mean age at the second screening was 44.6
years. These findings concur with the findings in previous studies
where high BMI in the young had a greater impact on the risk for
needing a THR than high BMI in the older age?!.

Discussion

This study in a large cohort of men and women showed that
weight gain in young individuals increased the risk of later THR due
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Absolute and relative risk of THR due to primary OA according to BMI change per year in 124,894 men

Quartile of BMI change per year (kg/m?/year)

First <0.04 Second 0.04—0.12 Third 0.12—0.21 Fourth >0.21

17-20 years at first screening

No. of participants 4,578 9,879 14,989 17,148

Person—years 65,174 135,858 202,833 232,764

No. of THR 11 18 31 60

THR per 100,000 person—years (crude rate) 16.88 13.25 15.28 25.78

Crude relative risk 1 0.78 091 1.53

Multivariate-adjusted relative risk [95% confidence interval (CI)]* 1 1.00 (0.46—2.14) 1.23 (0.60—2.51) 2.15(1.10—4.20)
21-30 years at first screening

No. of participants 11,181 11,412 11,347 10,723

Person—years 184,574 186,172 184,335 174,341

No. of THR 90 78 91 94

THR per 100,000 person—years (crude rate) 48.76 41.90 49.37 53.92

Crude relative risk 1 0.86 1.01 1.11

Multivariate-adjusted relative risk (95% CI)* 1 1.05 (0.77—1.43) 1.30 (0.96—1.75) 1.37 (1.02—1.85)
31—40 years at first screening

No. of participants 8,823 5,032 3,662 3,087

Person—years 146,688 82,942 60,603 51,506

No. of THR 256 161 128 96

THR per 100,000 person—years (crude rate) 174.52 194.11 211.21 186.39

Crude relative risk 1 1.11 1.21 1.07

Multivariate-adjusted relative risk (95% CI)* 1 1.13 (0.93—-1.38) 1.23 (0.99-1.53) 1.06 (0.84—1.35)
41-50 years at first screening

No. of participants 5,001 2,466 1,574 995

Person—years 79,891 39,114 25,143 16,198

No. of THR 167 88 61 25

THR per 100,000 person—years (crude rate) 209.03 224.98 242.61 154.34

Crude relative risk 1 1.08 1.16 0.74

Multivariate-adjusted relative risk (95% CI)* 1 1.08 (0.83—1.41) 1.14 (0.85—1.54) 0.74 (0.48—1.13)
51—60 years at first screening

No. of participants 1,728 665 394 182

Person—years 28,889 11,080 6,577 3,038

No. of THR 35 15 10 5

THR per 100,000 person—years (crude rate) 121.15 135.38 152.05 164.58

Crude relative risk 1 1.12 1.25 1.36

Multivariate-adjusted relative risk (95% CI)* 1 1.19 (0.65—2.18) 1.38 (0.68—2.80) 1.49 (0.58—3.83)

%

to primary OA. The association was weak or absent in men and
women older than 30 years at the first screening.

One of the strengths of this study is the very large number of
participants. In the older age groups, the number of events was
particularly large, lending the analyses a high statistical power to
detect a possible effect of weight gain. This supports our conclusion
that weight gain is more damaging in the young.

The Norwegian Arthroplasty Register is functioning well, with
a reporting rate of more than 97%3C. The register was shown to have
a very high validity when compared with local records from one
hospital’!; therefore, the number of undetected events in the
current study population within the follow-up period is likely to be
insignificant.

Body weight and height were measured in a standardized way at
a consultation. This standardized measurement circumvented the
problems associated with self-reporting weight and height. These
problems vary systematically with BMI: individuals with a high BMI
tend to under-report their weight and over-report their height>2.

A substantial proportion of individuals aged over 80 years may
have medical conditions that render them unfit for surgery, and may
not receive a THR even if they have severe symptomatic OA;
therefore, all individuals aged over 80 years at the start of follow up
were excluded from the analysis. As some of the individuals might
have received a THR before the start of follow up (1989), the risk set
at the time of an event could be overestimated. This would have the
greatest effect on the oldest age groups, resulting in too low pros-
thesis rates. Accordingly, caution should be exercised when
comparing rates across age categories; however, the effect within
age categories would be small and the Cox regression analyses valid.

Adjusted for age, BMI, and height at first screening, and for smoking at second screening.

Death is a competing risk when studying the need for THR, and
could lead to an overestimate of the risk for needing a THR,
particularly in the oldest age group. There was no difference in the
number of deaths in the different quartiles in the same age group.
Again, caution should be exercised when comparing rates across
age categories, but within age categories, the Cox regression anal-
yses should be valid.

The mean time between the last weight and height measure-
ments and THR was 14.9 years (SD 5.2). With such a long interval it is
unlikely that weight gain in patients who later received a THR was
caused by early OA symptoms inducing a sedentary lifestyle. To
double check this, further analyses excluded all participants who
had a THR performed before 1995, thus allowing for an even longer
mean time between the weight measurements and surgery. These
analyses gave similar results. Other studies have shown that obesity
precedes the development of OA of the knee joint'®>3. Among those
who had their second weight measurement before the start of
follow up, the time between the weight change and the start of
follow up varied. Analyses were conducted including only the
individuals who had their second weight measurement after
January 1 1989, i.e., there was no time gap between the weight
change and start of follow up (127,183 individuals). The results were
no longer statistically significant; however, the trends in the results
were the same (data not shown). The cohort study of 38,868 indi-
viduals that failed to find an effect of weight change between the age
of 35 and 47 years included some of the same individuals in our
cohort, using health surveys performed in Norway'®. The majority of
the individuals from that study are represented in the age group
3140 years at their first screening in our study. Like the previous
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Table IV

Absolute and relative risk of THR due to primary OA according to BMI change per year in 140,831 women

Quartile of BMI change per year (kg/m?/year)

First <—0.01 Second —0.01 to 0.08 Third 0.08—0.18 Fourth >0.18

17-20 years at first screening

No. of participants 9,677 13,018 14,416 14,303

Person—years 138,795 177,885 193,476 191,981

No. of THR 27 52 49 69

THR per 100,000 person—years (crude rate) 19.45 29.23 25.33 35.94

Crude relative risk 1 1.50 1.30 1.85

Multivariate-adjusted relative risk (95% CI)* 1 1.88 (1.17-3.02) 1.75 (1.08—2.84) 2.38 (1.51-3.75)
21-30 years at first screening

No. of participants 11,596 12,621 13,991 14,570

Person—years 190,854 205,548 226,175 234,724

No. of THR 136 144 141 200

THR per 100,000 person—years (crude rate) 71.26 70.06 62.34 85.21

Crude relative risk 1 0.98 0.87 1.20

Multivariate-adjusted relative risk (95% CI)* 1 1.29 (1.02—1.64) 1.21 (0.94—1.54) 147 (1.17-1.83)
31—40 years at first screening

No. of participants 6,917 5,284 4,660 5,005

Person—years 113,703 85911 75,578 81,818

No. of THR 350 287 254 295

THR per 100,000 person—years (crude rate) 307.82 334.07 336.08 360.56

Crude relative risk 1 1.09 1.09 1.17

Multivariate-adjusted relative risk (95% CI)* 1 1.23 (1.05—1.44) 1.23 (1.04—1.45) 1.26 (1.08—1.47)
41-50 years at first screening

No. of participants 4,031 2,900 2,352 1,821

Person—years 63,140 44,510 36,244 28,543

No. of THR 230 232 164 122

THR per 100,000 person—years (crude rate) 364.27 521.23 452.49 427.43

Crude relative risk 1 143 1.24 1.17

Multivariate-adjusted relative risk (95% CI)* 1 1.46 (1.21-1.75) 1.24 (1.01-1.52) 1.14 (0.91-1.43)
51—60 years at first screening

No. of participants 1,858 847 583 358

Person—years 30,267 13,625 9,485 5,715

No. of THR 81 44 18 26

THR per 100,000 person—years (crude rate) 267.62 322.94 189.77 454.94

Crude relative risk 1 1.21 0.71 1.70

Multivariate-adjusted relative risk (95% CI)* 1 1.20 (0.82—1.73) 0.71 (0.42—1.18) 1.64 (1.05—-2.56)

= Adjusted for age, BMI, and height at first screening, and for smoking at second screening.

study, there was no effect of weight gain for men in this age group,
although there was some effect for women. The present study has
a greater population, and the follow up period is longer; therefore,
this study captured THRs that were missed in the previous study.
This may explain the difference in the results for women.

In the present study, THR was used as a marker of OA, and
enabled identification of participants who developed severely
symptomatic OA, who wanted a joint replacement, and who did not
have contraindications to surgery. This may have introduced a bias
as severe obesity is a relative contraindication to surgery. Such

Table V
Multivariate adjusted relative risk of THR due to primary OA per unit of BMI change
per year, and per 10 kg increase in weight

Age at the first
screening (y)

Relative risk/kg/m?/
year (95% CI)*

Relative risk/10 kg
weight gain (95% CI)*

Men
17-20 5.98 (1.79-20.01) 1.33 (1.10-1.60)
21-30 1.82 (0.94—3.53) 1.16 (1.01-1.6.34)
31-40 1.23 (0.77-1.96) 1.10 (0.97—-1.26)
41-50 1.40 (0.66—2.97) 1.03 (0.87-1.23)
51-60 5.05 (0.80—32.00) 1.33 (0.90—1.95)
Women
17-20 3.66 (1.71-7.83) 1.24 (1.09-1.41)
21-30 1.86 (1.27-2.72) 1.17 (1.07—-1.28)
31-40 1.41 (1.09—-1.83) 1.14 (1.05-1.23)
41-50 1.31 (0.88—1.96) 1.08 (0.97-1.19)
51-60 241 (1.02-5.73) 1.22 (0.99-1.51)

*

Adjusted for age, BMI, and height at first screening, and for smoking at second
screening.

a bias would presumably work independently of age, and should
not distort the association between age, weight gain, and later THR.

The difference in findings between men and women, with
women also having a possibly higher risk of THR with weight gain
at older age, may be due to a more complex association between OA
and weight in women. Hormonal and reproductive factors have
been shown to affect the risk of THR in women. Although there are
conflicting results on the effect of estrogens on the cartilage,
increasing parity and early menopause have been shown to
increase the risk of THR?>.

Another possible explanation for the increased risk of THR
among the young weight gainers is that their hip joints suffered
a high load for more years than in those who gained weight later in
life. More measurements of each participant in the current study
would have been needed to accurately evaluate this hypothesis. A
biological explanation of the findings is that the hip joint cartilage
has a changing susceptibility to load throughout life. Wolff's law
states that bone adapts to different types of loading with a change
in its architecture®®, and similar adaptation to load has been
demonstrated in cartilage®”. Animal studies have shown that the
cartilage during maturation responds to regular loading with
a positive effect on the collagen architecture®®. Loads beyond
a certain threshold, however, will exceed the tissue’s ability to
adapt. Such excess load may induce permanent weakening of the
cartilage. It is possible that in the hip joint this threshold is not
constant throughout life. If the threshold is lower during the first
decades of life, overweight at this age would increase the risk of hip
OA more than overweight in old age. In the current study, there has
been no adjustment for other known risk factors for THR like



814 H. Apold et al. / Osteoarthritis and Cartilage 19 (2011) 809—815

physical activity, family history of OA, and previous joint injury. It
could be that young participants appeared to be more affected by
weight gain only because they were more physically active. A
strong relationship between low physical activity and obesity is
well documented®. As a high level of physical activity is unlikely
among the overweight, it is not considered to be a major cause for
hip OA in this group.

There is already good evidence that a high BMI increases the risk
of later THR due to primary hip OA%%2!. To our knowledge this is the
first study that also demonstrates an adverse effect on the hip joint
of a BMI increase, and that this effect is most significant when the
weight gain occurs at a young age. This concurs with our previous
study in which THR was shown to have no association with BMI
changes that occurred during the fourth and fifth decades of life'®.

Obesity is spreading, and the young population is severely
affected?%4!. We have found that weight gain during early adult-
hood is particularly associated with severely symptomatic OA of the
hip. This indicates that addressing early obesity and weight gain is
particularly important in preventing the development or progres-
sion of OA.

Contributions

H. Apold; conception and design of the study, analysis and
interpretation of the data, drafted the article.

H. Meyer; conception and design of the study, analysis and
interpretation of the data, revised the article for important intel-
lectual content.

B. Espehaug; statistical expertise, analysis and interpretation of
the data, critically revised the article for important intellectual
content.

L. Nordsletten; obtaining of funding; conception and design of
the study, critically revised the article for important intellectual
content.

L.I. Havelin; conception and design of the study, critically
revised the article for important intellectual content.

G.B. Flugsrud; conception and design of the study, interpretation
of the data, critically revised the article for important intellectual
content.

All the authors have given their final approval of the version
submitted.

H. Apold and G.B. Flugsrud take responsibility for the integrity of
the work as a whole.

Funding sources

The work is in part supported by grants from Dr Trygve Gyth-
feldt og frues forskningsfond, from Helse Ser-@st Artrose, and from
The Norwegian Orthopedic Association. These sponsors have no
involvement in any parts of the study itself.

Conflict of interest
The authors have no conflict of interest.

STROBE statement

We adhered to the strengthening of reporting of observational
studies in epidemiology guidelines for cohort studies.

References

1. Ingvarsson T, Stefansson SE, Gulcher JR, Jonsson HH, Jonsson H,
Frigge ML, et al. A large Icelandic family with early osteoar-
thritis of the hip associated with a susceptibility locus on
chromosome 16p. Arthritis Rheum 2001;44:2548—55.

2.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Bijkerk C, Houwing-Duistermaat ]JJ, Valkenburg HA,
Meulenbelt I, Hofman A, Breedveld FC, et al. Heritabilities of
radiologic osteoarthritis in peripheral joints and of disc
degeneration of the spine. Arthritis Rheum 1999;42:1729—35.

. MacGregor A], Spector TD. Twins and the genetic architecture

of osteoarthritis. Rheumatology 1999;38:583—8.

. Lanyon P, Muir K, Doherty S, Doherty M. Assessment of

a genetic contribution to osteoarthritis of the hip: sibling
study. BMJ 2000;321:1179-83.

. Flugsrud GB, Nordsletten L, Espehaug B, Havelin LI, Meyer HE.

Risk factors for total hip replacement due to primary osteo-
arthritis: a cohort study in 50,034 persons. Arthritis Rheum
2002;46:675—82.

. Liu B, Balkwill A, Banks E, Cooper C, Green ], Beral V, et al.

Relationship of height, weight and body mass index to the risk
of hip and knee replacements in middle-aged women. Rheu-
matology (Oxford) 2007;46:861—7.

. Bourne R, Mukhi S, Zhu N, Keresteci M, Marin M. Role of

obesity on the risk for total hip or knee arthroplasty. Clin
Orthop Relat Res 2007;465:185—8.

. Vingdrd E. Overweight predisposes to coxarthrosis. Body-mass

index studied in 239 males with hip arthroplasty. Acta Orthop
Scand 1991;62(2):106—9.

. Vingdrd E, Alfredsson L, Malchau H. Lifestyle factors and hip

arthrosis. A case referent study of body mass index, smoking
and hormone therapy in 503 Swedish women. Acta Orthop
Scand 1997;68:216—20.

Oliveria SA, Felson DT, Cirillo PA, Reed ]I, Walker AM. Body
weight, body mass index, and incident symptomatic osteoar-
thritis of the hand, hip, and knee. Epidemiology 1999;10:161—6.
Wendelboe AM, Hegmann KT, Biggs ]J, Cox CM, Portmann AJ,
Gildea JH, et al. Relationships between body mass indices and
surgical replacements of knee and hip joints. Am ] Prev Med
2003;25:290-5.

Lohmander LS, Gerhardsson M, Rollof ], Nilsson PM, Engstrom G.
Incidence of severe knee and hip osteoarthritis in relation to
different measures of body mass. A population-based prospec-
tive cohort study. Ann Rheum Dis 2009;68:490—6.

Cooper C, Inskip H, Croft P, Campbell L, Smith G, McLaren M, et al.
Individual risk factors for hip osteoarthritis: obesity, hip injury,
and physical activity. Am ] Epidemiol 1998;147(6):516—22.
Gelber AC, Hochberg MC, Mead LA, Wang NY, Wigley FM,
Klag M]J. Joint injury in young adults and risk for subsequent
knee and hip osteoarthritis. Ann Intern Med 2000;133:321—8.
Christensen R, Astrup A, Bliddal H. Weight loss: the treatment
of choice for knee osteoarthritis? A randomized trial. Osteo-
arthritis Cartilage 2005;13:20—7.

Felson DT, Zhang Y, Hannan MT, Naimark A, Weissman B,
Aliabadi P, et al. Risk factors for incident radiographic knee
osteoarthritis in the elderly: the Framingham Study. Arthritis
Rheum 1997;40:728—33.

Manninen P, Riihimaki H, Heliovaara M, Suomalainen O.
Weight changes and the risk of knee osteoarthritis requiring
arthroplasty. Ann Rheum Dis 2004;63:1434—7.

Gelber AC, Hochberg MC, Mead LA, Wang NY, Wigley FM,
Klag M]. Body mass index in young men and the risk of
subsequent knee and hip osteoarthritis. Am ] Med
1999;107(6):542—8.

Flugsrud GB, Nordsletten L, Espehaug B, Havelin LI, Meyer HE.
Weight change and the risk of total hip replacement. Epide-
miology 2003;14:578—84.

Karlson EW, Mandl LA, Aweh GN, Sangha O, Liang MH,
Grodstein F. Total hip replacement due to osteoarthritis: the
importance of age, obesity, and other modifiable risk factors.
Am ] Med 2001;114:93-8.



21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

H. Apold et al. / Osteoarthritis and Cartilage 19 (2011) 809—815

Flugsrud GB, Nordsletten L, Espehaug B, Havelin LI,
Engeland A, Meyer HE. The impact of body mass index on later
total hip arthroplasty for primary osteoarthritis. Arthritis
Rheum 2006;54:802—7.

Rieppo ], Hyttinen MM, Halmesmaki E, Ruotsalainen H,
Vasara A, Kiviranta I, et al. Changes in spatial collagen content
and collagen network architecture in porcine articular carti-
lage during growth and maturation. Osteoarthritis Cartilage
2009;17:448—-55.

Waaler HT. Height, weight and mortality. The Norwegian
experience. Acta Medica Scandinavica — Suppl 1984;679:1—56.
Tverdal A, Hjellvik V, Selmer R. Heart rate and mortality from
cardiovascular causes: a 12 year follow-up study of 379,843
men and women aged 40—-45 years. Eur Heart ]
2008;29:2772—81.

Leren P, Askevold EM, Foss OP, Froili A, Grymyr D, Helgeland A,
et al. The Oslo study. Cardiovascular disease in middle-aged
and young Oslo men. Acta Medica Scandinavica — Suppl
1975;588:1-38.

The Tromsg Study. http://tromsoundersokelsen.no.

The Nord-Trendelag Health Study. http://www.ntnu.no/hunt/
english.

Havelin LI, Engesaeter LB, Espehaug B, Furnes O, Lie SA,
Vollset SE. The Norwegian Arthroplasty Register: 11 years and
73,000 arthroplasties. Acta Orthop Scand 2000;71:337—-53.
Grambsch PM, Therneau TM, Fleming TR. Diagnostic plots to
reveal functional form for covariates in multiplicative intensity
models. Biometrics 1995;51:1469—82.

Espehaug B, Furnes O, Havelin LI, Engesater LB, Vollset SE,
Kindseth O. Registration completeness in the Norwegian
Arthroplasty Register. Acta Orthop 2006;77:49—56.
Arthursson AJ, Furnes O, Espehaug B, Havelin LI, Soreide JA.
Validation of data in the Norwegian Arthroplasty Register and
the Norwegian Patient Register: 5,134 primary total hip
arthroplasties and revisions operated at a single hospital
between 1987 and 2003. Acta Orthop 2005;76:823—8.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

815

Nawaz H, Chan W, Abdulrahman M, Larson D, Katz DL. Self-
reported weight and height: implications for obesity research.
Am ] Prev Med 2001;20:294-8.

Manninen P, Riihimaki H, Heliovaara M, Makela P. Overweight,
gender and knee osteoarthritis. Int J Obes Relat Metab Disord
1996;20:595—7. Journal of the International Association for
the Study of Obesity.

de Klerk BM, Schiphof D, Groeneveld FPMJ, Koes BW, van
Osch GJVM, van Meurs ]B], et al. Limited evidence for
a protective effect of unopposed oestrogen therapy for oste-
oarthritis of the hip: a systematic review. Rheumatology
(Oxford) 2009;48:104—12.

Liu B, Balkwill A, Cooper C, Roddam A, Brown A, Beral V, et al.
Reproductive history, hormonal factors and the incidence of
hip and knee replacement for osteoarthritis in middle-aged
women. Ann Rheum Dis 2009;68:1165—70.

Wolff J. Das Gesetz der Transformation der Knochen. Berlin:
Verlag von August Hirschwald; 1892.

Helminen HJ, Hyttinen MM, Lammi M], Arokoski ]JP,
Lapvetelainen T, Jurvelin J, et al. Regular joint loading in youth
assists in the establishment and strengthening of the collagen
network of articular cartilage and contributes to the preven-
tion of osteoarthrosis later in life: a hypothesis. ] Bone Miner
Metab 2000;18:245—57 (Review) (129 refs).

Brama PA, Holopainen |, van Weeren PR, Firth EC,
Helminen HJ, Hyttinen MM. Effect of loading on the organi-
zation of the collagen fibril network in juvenile equine artic-
ular cartilage. ] Orthop Res 2009;27:1226—34.

Ching PL, Willett WC, Rimm EB, Colditz GA, Gortmaker SL,
Stampfer MJ. Activity level and risk of overweight in male
health professionals. Am ] Public Health 1996;86:25—30.
WHO Chron. WHO. Obesity and Overweight. www.who.int/
dietphysicalactivity/publications/facts/obesity/en/

Lobstein T, Baur L, Uauy R, IASO International OT. Obesity in
children and young people: a crisis in public health. Obes Rev
2004;5(Suppl 104):4—85.


http://tromsoundersokelsen.no
http://www.ntnu.no/hunt/english
http://www.ntnu.no/hunt/english
http://www.who.int/dietphysicalactivity/publications/facts/obesity/en/
http://www.who.int/dietphysicalactivity/publications/facts/obesity/en/

	 Weight gain and the risk of total hip replacement a population-based prospective cohort study of 265,725 individuals
	 Patients and methods
	 Results
	 Discussion
	 Contributions
	 Funding sources
	 Conflict of interest
	 STROBE statement
	 References


