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Abstract
Summary We wanted to determine if there are any associations between birth factors and adult fracture risk. For women 
only, shorter birth length was associated with lower relative fracture risk. For women and men, individuals who were long 
at birth as well as tall in adulthood had a substantially higher relative fracture risk.
Purpose We aimed to examine associations between birth anthropometry and adult fracture risk and to investigate if devel-
opmental mismatch is associated with fracture risk.
Methods We included 4635 participants (476 women and 4159 men; born 1921–1950) with hospital and national registry-
based data on birth anthropometry and adult fractures (≥ 50 years). We tested associations by Cox proportional hazards 
regressions and present hazard ratios (HR) with 95% confidence intervals.
Results In total, 1215 (26%) suffered ≥ 1 fracture during a mean observation period of 26 years. In women, unadjusted analy-
ses indicated that both higher birth weight (HR 1.42 per kg (1.10–1.84)) and birth length (1.10 per cm (1.05–1.17)) were 
associated to higher adult fracture risk. After adjustment (year of birth and gestational age), statistical significance remained 
only for birth length, HR 1.10 per cm (1.04–1.17). For men, no associations were apparent. We found no associations between 
developmental mismatch (lower birth weight followed by higher adult weight) and adult fracture risk. However, for both 
sexes, being born tall and staying tall into adulthood was associated with a markedly higher (55–105%) relative fracture 
risk (HR women 2.09 (1.18–3.68), men 1.55 (1.19–2.03)) compared to being born short and remaining short in adulthood.
Conclusion In this study, being born shorter and lighter was associated with a lower risk for fractures ≥ 50 years in women. 
However, analyses indicated that tall adults who were also long at birth may be at markedly higher risk of fractures; this 
warrants further examinations.
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Introduction

Studies on birth weight and subsequent adult fracture risk 
have shown conflicting results. Byberg et al. studied the 
association between birth weight and fractures at the ages 
50–94 years in two Swedish cohorts and were unable to 
find an association with incident fractures [1]. However, 
in a recent large study from the UK Biobank, including 
approximately 500,000 individuals, a Mendelian randomi-
zation analysis found that higher birthweight was causally 
associated with increased fracture risk [2].

Birth length as a determinant of fracture risk has only 
been investigated in a few studies. A study from New Zea-
land reported that birth length, but not birth weight, was 
positively associated with a prepubertal fracture risk ratio 
of 1.3 per standard deviation unit increase in birth length 
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[3]. Another study from Brazil found that children with a 
higher birth length had a higher fracture risk (OR 1.6–1.8) 
from birth until 11 years of age compared to children with a 
shorter birth length [4].

According to the mismatch hypothesis, if the environ-
ment in early life including in utero is different from the 
environment encountered in later life, a developmental mis-
match may occur and risks for certain cardiometabolic traits 
and diseases are increased, e.g., diabetes type 2 and obesity 
[5]. This is especially true for the antenatally low energy 
environment causing low birth weight later replaced by a 
postnatally high energy environment [5]. The fetal uterine 
environment has also been suggested to have an impact on 
adult bone health and fracture risk, e.g., by the programming 
of fracture risk and through epigenetic influences [6, 7].

Purpose

The aim of this observational, longitudinal study was to 
determine if there is an association between birth factors 
and fractures later in life and if developmental mismatch is 
associated to fracture risk.

Methods

Participants

In this study, participants from the Malmö Preventive Pro-
ject (MPP) and the Malmö Diet and Cancer study (MDCS) 
with available birth parameters were included, please see the 
study flowchart in Fig. 1.

The Malmö Preventive Project (MPP)

The Malmö Preventive Project is a cohort study that has been 
described in detail previously [8]. Between 1974 and 1992, 
men and women aged between 32 and51 years, and living in 
the city of Malmö, were invited to a screening examination 
including physical examination (e.g., weight (kg) and height 
(cm)), a self-administered questionnaire, laboratory tests, 
and mammography for all women over 45 years of age [8]. 
In total, 21,911 men and 8676 women attended the baseline 
screening with an overall attendance rate of 71.2%. Men 
were mostly screened during the first period of the study 
interval and women during a later period [8].

The Malmö Diet and Cancer Study (MDCS)

The prospective Malmö Diet and Cancer Study is another 
cohort study that has been described in full detail previ-
ously [9]. Between 1991 and 1996, inhabitants in the city 

of Malmö born between 1923 and 1950 (n = 74 138) were 
invited to participate in the study. Of the invited individu-
als, a total of 30,446 accepted the invitation that was sent 
out by postal mail and also via advertisements in newspa-
pers and public places [9]. The baseline study included a 
questionnaire and a physical examination, e.g., measure-
ment of weight (kg), height (cm), and measurements of 
waist and hip circumference (cm) [10]. The participants 
were given information about the study at a first visit dur-
ing group meetings, and following signed informed con-
sent anthropometric variables were measured individually 
[11]. Fourteen days later the participant returned with the 
filled-in questionnaire and went through the questionnaires 
with the study staff [12].

Fig. 1  Flowchart for study inclusion for participants born 1921–1950 
and participating in the Malmö Preventive Project (MPP) and Malmö 
Diet and Cancer Study (MDCS) with available birth data
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Data management

From the individual complete data sets of the two different 
cohorts, we created a new dataset including only participants 
with data on birth parameters. For a participant who partici-
pated in both studies (MPP and MDCS), the study in which 
the individual was included first was considered to reflect 
the baseline. One value of unlikely birth length of 64 cm 
was excluded [13, 14]. Nine values of unlikely gestational 
lengths: one < 140 days and eight > 335 days, respectively, 
were also excluded [15].

The Swedish Cause of Death Register (“Dödsorsaksreg-
istret”) supplied data for causes of death until 2019 and Sta-
tistics Sweden (“Statistiska centralbyrån, SCB”) for dates of 
emigration and death until December 31, 2019. The National 
Prescribed Drug Register (“Läkemedelsregistret”) supplied 
information regarding prescribed medications from July 
2005 until Dec 31, 2019. For fracture data, please see the 
separate section.

Baseline demographic data

Age (years) at baseline was calculated from birth date and 
date of inclusion in the study. Sex was extracted from every 
individual’s personal identification number. Weight (kg) and 
height (cm) as well as the waist (cm) and hip (cm) circum-
ferences were measured at inclusion and were used to cal-
culate body mass index (BMI) (kg/m2) and waist-hip ratio. 
Data in the questionnaires were self-reported. In the MDCS 
questionnaire, different response alternatives were given 
to each question, and the participant chose the appropriate 
alternative. For MPP, the response alternatives were yes/
no. The different categories were as follows: level of educa-
tion (did not finish 6-year elementary school, finished 6-year 
elementary school, finished 9-year elementary school, and 
finished high school or higher level); smoking status (regu-
lar smoker, occasional smoker, previous smoker, and never 
smoker); alcohol abstainer (yes/no); current snuff user (yes/
no); marital status (unmarried, married/registered partner, 
divorced/separated from partner, and widow/widower/sur-
viving partner); living alone (yes/no); self-reported stress 
during last year (yes/no); stress during the last 5 years (yes/
no); use of the most commonly occurring medications (yes/
no), see Online Resource 1a; diagnosis of the most com-
monly occurring diseases (yes/no), see Online Resource 1b; 
and history of previous fracture (yes/no).

Birth parameters

For the two cohorts, birth parameters including birth weight 
(kilogram), birth length (cm), head circumference at birth 
(cm), and gestational length at birth (weeks) were collected 
from midwives’ hospital charts, as described previously [16, 

17]. Ponderal index (PI) was calculated using the formula 
weight (kg)/height3 (m).

The two studies that collected the birth data were two 
separate case–control studies studying either the effect of 
birth weight on either the risk of prostate cancer (from 
men in the MPP study) [17] or breast cancer (from women 
in the MDCS) [16]. No association between birth weight 
and future prostate cancer risk was observed in men [17], 
whereas for women, an increased breast cancer risk was 
observed in women with higher birth weight [16].

Military conscription data for men

Weight (kg) and height (cm) at military conscript testing 
were collected for men of the MPP study as reported previ-
ously and BMI (kg/m2) at conscription was calculated based 
on these values [17]. Conscript testing for the military ser-
vice was compulsory for men in Sweden until 2010, and data 
were retrieved from the Swedish National Military Archives, 
Stockholm [17]. The military conscript testing was per-
formed at a mean age of 19 years (range 16–22 years) [17].

Reproductive data for women

Data regarding reproduction were self-reported and included 
age at menarche (years), ever use of oral contraceptives (yes/
no), duration of use of oral contraceptives (years), ever hav-
ing given birth (yes/no), and total duration of breastfeeding 
(months). Age at menopause (years) was reported if having 
had occurred (yes/no). Ever use of menopausal hormone 
therapy (MHT) (yes/no) was reported as well as the duration 
of any use of MHT (years). Reproductive life span (years) 
was calculated by subtracting age at menarche (years) from 
age at menopause (years). Parity was reported as yes/no. 
Breastfeeding was self-reported, and the individual dura-
tion was reported per child, and all durations were added to 
a total sum of months. Regarding age at menarche, age at 
menopause, and duration of breastfeeding, data have been 
collected from either MPP or MDCS where available. The 
initial MPP questionnaires did not include any reproduc-
tive questions but these were added later; hence, women 
included early in the MPP study were not asked any of these 
questions.

Fracture data

Data on fractures were collected from national registries 
using the participants unique personal identification num-
ber. Data were retrieved from the National Patient Registry 
for in-patient data (“Slutenvårdsregistret, Socialstyrelsen”) 
between 1969 and 2019, for out-patient data (“Specialis-
erade Öppenvårdsregistret, Socialstyrelsen”) between 1997 
and 2019, and supplementary regional data (“Specialiserade 
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Öppenvårdsregistret, Region Skåne”) between 1973 and 
2000. Multiple fractures sustained at the same event were 
considered as one fracture event. Several fractures sustained 
at different times (with a wash-out period of 6 months for 
identical fracture codes) were considered separate fracture 
events. Fractures were coded according to the International 
Classification of Diseases (ICD) versions 9 (1987–1997) and 
since 1998 according to ICD-10, see Online Resource 2 for 
details.

We included only fractures that occurred from 1987 and 
onwards and at an age of ≥ 50 years for the specific partici-
pant. The study start of 1987 was chosen since the coverage 
of the National Patient Register with its Inpatient Register is 
considered complete from this year and onwards [18]. This 
entails that a fracture may have occurred before an individ-
ual participant’s inclusion in the respective study cohort. For 
individuals included before 1987, the time period between 
inclusion and 1987 was truncated.

Statistical analysis

Continuous data are presented as means with standard devia-
tions within brackets (SD). Categorical data are presented as 
the number of participants with percentage within brackets 
(%). To compare continuous variables between groups, we 
used the Students’ t-test for parametric data and the chi-
squared test for categorical data.

Cox proportional hazards regression analysis

Cox proportional hazards regression analysis was performed 
for birth parameters as continuous variables separately for 
men and women. The Cox proportional hazards regression 
analyses were adjusted for the year of birth and gestational 
age at birth. For the Cox proportional hazards regression 
analysis, 50 years of age was considered as time zero. To 
model the effects of the effects of birth parameters on frac-
ture events in adult life, we used an extended Cox propor-
tional hazards model with recurrent events and robust stand-
ard errors, adjusted for year of birth and gestation week. In 
the model, non-proportionality was evident regarding the 
year of birth covariate. In order to solve this issue, we tried 
a model with a natural spline time-transformation function, 
allowing the effect of the year of birth to vary flexibly over 
time. This more complex model resulted in very similar 
estimates (data not shown) but made the output difficult to 
interpret. In the end, we therefore reverted to using the ini-
tial, more simplistic, Cox-model (without time-dependent 
covariates).

The results are presented as hazard ratios (HR) with a 
95% confidence interval (CI). Plots showing relative fracture 
rates were constructed by first fitting a Cox proportional haz-
ards model using a penalized spline basis for the predictor 

variable, then calculating the relative rate by dividing the 
predicted rate at each point with the center value.

Mismatch analysis was performed for birth weight, birth 
height, and body weight and height at baseline divided 
into tertiles with the following cut-offs for women: birth 
weight tertile 1 (T1) ≤ 3220 g and tertile 3 (T3) ≥ 3680 g; 
birth length T1 ≤ 50.0 cm and T3 ≥ 53.0 cm; body weight at 
baseline T1 ≤ 61.5 kg and T3 ≥ 71.0 kg; and height at base-
line T1 ≤ 162.0 cm and T3 ≥ 168.0 cm. The corresponding 
values for men were as follows: birth weight T1 ≤ 3340 g and 
T3 ≥ 3780 g; birth length T1 ≤ 50.5 cm and T3 ≥ 53.0 cm; 
body weight at baseline T1 ≤ 73.0 kg and T3 ≥ 82.3 kg; and 
height at baseline T1 ≤ 174.0 cm and T3 ≥ 181.0 cm. Par-
ticipants were then stratified into four subgroups depending 
on birth and baseline data: group 1 (birth data T1 and adult 
data T1), group 2 (birth data T1 and adult data T3), group 
3 (birth data T3 and adult data T1), and group 4 (birth data 
T3 and adult data T3) performed for men and women sepa-
rately. Cox proportional hazards regression analyses were 
performed as described previously. The incidence rate for 
multiple fracture events was calculated for men and women 
separately for the different mismatch groups regarding birth 
height and height at baseline.

Data management and statistical analyses

For data management and statistical analyses, we used IBM 
SPSS Statistics versions 25.0 and 28.0 (SPSS Inc., Chicago, 
IL, USA), SAS Enterprise Guide 8.3, and the R Stats pack-
ages version 4.1.2 with the survival package for the Cox 
proportional hazards regression analysis. All tests were two-
sided and a p-value of < 0.05 was considered statistically 
significant.

Ethics approval and consent to participate

The original studies were approved by the Regional Ethics 
Committee in Lund (“Regionala Etikprövningsmyndigheten 
i Lund”) (MPP 85/2004 and MDCS LU 51–90). This project 
was approved by the steering board for the MDCS and MPP 
study cohorts (2016–017 #7 and 2016–008 #6, respectively). 
All participants of MDCS provided written informed con-
sent, but this was not requested according to contemporary 
regulations at the MPP baseline screening 1974–1992. The 
study was conducted according to the guidelines of the Dec-
laration of Helsinki.

Results

A total of 4635 participants (476 women and 4159 men) 
with available birth parameters were included in the study 
from the two original cohorts: MPP (n = 3681, 163 women) 



Osteoporosis International 

and MDCS (n = 954, 313 women). In total, 1215 (26.2%) 
of the participants experienced at least one fracture event. 
A larger proportion of women (37.8%) than men (24.9%) 
sustained at least one fracture. Descriptive baseline data for 
men and women with and without fracture are presented in 
Table 1.

Table 2 shows data regarding at birth, at military con-
scription (men only), and at cohort baseline. At birth, 
women with a future fracture had larger head circumfer-
ence (p = 0.048) and were born after a slightly longer ges-
tation (p = 0.003) compared to women without fracture, 
see Table 2. For men, we found a slightly shorter gestation 
length for men with fracture compared to men without frac-
ture (p = 0.042). In both women and men, we found similar 
birth weight, birth length, and ponderal index at birth in 
those with and without fracture, see Table 2.

At military conscription, we found that men with a future 
fracture were taller than their counterparts but similar 
regarding body weight and BMI at conscription, see Table 2. 
At the study baseline, men with fracture were taller and had 
a higher waist-hip ratio compared to men without fracture 
during follow-up, while body weight and BMI seemed simi-
lar, see Table 2. For women, there was a non-statistically 
significant tendency (both p < 0.10) that women with frac-
ture were thinner and taller than women without fracture, 
see Table 2.

For women, reproductive data are presented in Online 
Resource 3 separately for women with and without fracture. 
Among women with fracture, there were fewer ever-users 
of combined oral contraceptives, fewer that had given birth. 
Women with fracture had also used menopausal hormone 
therapy for longer periods of time compared to women with-
out fracture, see Online Resource 3. We found similar age 
at menarche, duration of breastfeeding, duration of com-
bined oral contraceptive use, age at menopause, ever-users 
of menopausal hormone therapy, and reproductive life span.

For women, increasing birth weight was associated with 
a higher relative risk for fracture, crude HR (95% CI) 1.42 
(1.10–1.84), as was the birth length, crude HR (95% CI) 1.10 
(1.05–1.17), see Fig. 2. In the adjusted Cox proportional 
hazards regression analysis for continuous birth parameters 
for women, an increasing birth length was associated with 
a higher relative risk for fracture HR (95% CI) 1.10 (1.04 
– 1.17), see Table 3. For women, increasing birth weight 
seemed associated with increased risk for fracture of border-
line statistical significance: HR (95% CI) 1.34 (0.995–1.81); 
p = 0.054, see Table 3. For men, we found no associations 
between birth parameters and fracture risk.

We found no associations between developmental mis-
match and adult fracture risk, see Table 4. However, for both 
women and men, being born tall and remaining tall into 
adulthood was associated with a markedly higher (55–110%) 
relative fracture risk, HR women 2.09 (95% CI) (1.18–3.68), 

men 1.55 (95% CI) (1.19–2.03) compared to being born 
short and remaining short into adulthood. In men, being 
born long and belonging to the T1 for height in adulthood 
was associated to a 60% higher fracture risk: HR 1.5 (95% 
CI) (1.04–2.15). The incidence rate for multiple fracture 
events was calculated for men and women separately for 
the different mismatch groups regarding birth height and 
height at baseline, as shown in Online Resource 4. For both 
men and women, the incidence rate was the highest in the 
group of being born tall and remaining tall into adulthood, 
see Online Resource 4.

As a sensitivity analysis, the Cox proportional hazards 
regression analyses were performed for birth data as well as 
for the mismatch analysis excluding cancer cases thus only 
including female and male controls. The results are shown 
in Online Resource 5 and show similar results compared 
to including all participants with the addition that for male 
control participants being born small but being in the heavy 
as an adult was associated with a higher fracture risk: HR 
1.4 (95% CI) (1.03–1.97), see Online Resource 5.

Relative fracture rates and crude hazard rates per exam-
ined trait are shown for men in Fig. 2A and for women in 
Fig. 2B. For men, we found similar rates per trait value for 
all examined traits. For women, a shorter birth length and 
lower birth weight were associated with lower relative frac-
ture rates.

Discussion

This observational, longitudinal, and population-based study 
based on two cohorts from the same population examined 
the associations between birth parameters and adult fracture 
risk and found that for women, being born shorter was asso-
ciated with lower relative fracture rate, not seen for men. For 
women, being born lighter was also associated with lower 
relative fracture rate, however not statistically significant in 
the adjusted Cox proportional hazards regression analysis.

In women, puberty in general occurs earlier than in men, 
and the earlier termination of bone lengthening and peri-
osteal apposition leaves shorter and more slender bone than 
in men [19]. This results in differences between the female 
and male skeleton, with in general a smaller size in women 
and a skeleton that withstands aging less well [20]. During 
aging, the male skeleton also has a greater periosteal apposi-
tion, thus better compensating for age-related bone loss [20]. 
The timing of female puberty is influenced by body weight. 
In a Mendelian randomization study from 2022, the results 
suggest a causal effect between lower birth weight and ear-
lier menarche as well as between higher childhood BMI and 
earlier menarche [21].

In a population-based cohort study of 31,971 Swedish 
men born in 1945–1961, it was observed that fracture risk 
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Table 1  Baseline data for men and women born 1921–1950 and par-
ticipating in the Malmö Preventive Project (MPP) and Malmö Diet 
and Cancer Study (MDCS). Data are presented separately for partici-

pants with or without fracture during follow-up. Included fractures 
occurred from 1987 and onwards at an age of ≥ 50 years of the par-
ticipant

Continuous data are presented as medians (standard deviations)
Categorical data are presented as the number of participants (percentages)
*n = available answers for each variable for participants with or without fracture

Men (n = 4159) Women (n = 476)

n* No fracture Fracture n* No fracture Fracture

(n = 3124) (n = 1035) (n = 296) (n = 180)

Age at baseline (Years) 3124/1035 47.5 (8.2) 48.1 (8.5) 296/180 51.8 (7.0) 52.5 (7.8)
Level of education 1745/586 287/174

Did not finish 6-year elemen-
tary school

38 (2.2) 18 (3.1) 1 (0.3) 4 (2.3)

Finished 6-year elementary 
school

684 (39.2) 230 (39.2) 90 (31.4) 45 (25.9)

Finished 9-year elementary 
school

438 (25.1) 143 (24.4) 112 (39.0) 77 (44.3)

Finished high school or 
higher level

585 (33.5) 195 (33.3) 84 (29.3) 48 (27.6)

Smoking status 2917/973 289/178
Regular smoker 798 (27.4) 304 (31.2) 94 (32.5) 46 (25.8)
Occasional smoker 238 (8.2) 77 (7.9) 8 (2.8) 5 (2.8)
Previous smoker 841 (28.8) 275 (28.3) 80 (27.7) 37 (20.8)
Never smoker 1040 (35.7) 317 (32.6) 107 (37.0) 90 (50.6)

Alcohol abstainer (Yes) 2851/926 145 (5.1) 44 (4.8) 296/180 20 (6.8) 21 (11.7)
Current snuff user (Yes) 1747/587 112 (6.4) 47 (8.0) 287/174 2 (0.7) 1 (0.6)
Marital status 3042/1014 284/173

Unmarried 307 (10.1) 118 (11.6) 18 (6.3) 21 (12.1)
Married/registered partner 2339 (76.9) 739 (72.9) 147 (51.8) 89 (51.4)
Divorced/divorced partner 314 (10.3) 120 (11.8) 60 (21.1) 36 (20.8)
Widow/widower/surviving 

partner
82 (2.7) 37 (83.6) 59 (20.8) 27 (15.6)

Living alone (Yes) 562/201 118 (21.0) 50 (24.9) 269/161 70 (26.0) 66 (41.0)
Stress reported during the 

recent year
(Yes) 1570/517 206 (13.1) 83 (16.1) 43/27 10 (23.3) 5 (18.5)

Stress reported during the 
recent 5 years

(Yes) 1570/516 202 (12.9) 83 (16.1) 43/27 11 (25.6) 3 (11.1)

Medications Use of proton pump inhibitors 
(PPI)

(Yes) 3124/1035 1426 (45.6) 538 (52.0) 296/180 162 (54.7) 99 (55.0)

Use of corticosteroids (Yes) 3124/1035 1118 (35.8) 368 (35.6) 296/180 120 (40.5) 79 (43.9)
Use of GnRH-analogs (Yes) 3124/1035 250 (8.0) 120 (11.6) 296/180 0 (0) 0 (0)
Use of immunosuppressants (Yes) 3124/1035 81 (2.6) 34 (3.3) 296/180 9 (3.0) 13 (7.2)
Use of medications for Par-

kinson’s disease
(Yes) 3124/1035 170 (5.4) 85 (8.2) 296/180 21 (7.1) 10 (5.6)

Use of medication for 
dementia

(Yes) 3124/1035 191 (6.1) 103 (10.0) 296/180 13 (4.4) 14 (7.8)

Diseases Myocardial infarction (Yes) 2613/889 53 (2.0) 14 (1.6) 273/165 1 (0.4) 4 (2.4)
Claudicatio (Yes) 442/161 15 (3.4) 8 (5.0) 175/99 2 (1.1) 2 (2.0)
Hypertension (Yes) 447/162 105 (23.5) 50 (30.9) 177/100 24 (13.6) 12 (12.0)
Gastric ulcer (Yes) 444/162 65 (14.6) 24 (14.8) 175/101 8 (4.6) 7 (6.9)
Asthma/chronic bronchitis (Yes) 1338/471 88 (6.6) 32 (6.8) 185/105 13 (7.0) 11 (10.5)
Rheumatoid arthritis (Yes) 442/161 10 (2.3) 5 (3.1) 176/101 3 (1.7) 10 (9.9)
Inflammatory bowel disease (Yes) 443/162 17 (3.8) 7 (4.3) 175/99 6 (3.4) 1 (1.0)
Kidney stones (Yes) 442/164 68 (15.4) 28 (17.1) 175/100 15 (8.6) 5 (5.0)
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was 15% higher in men with late pubertal timing compared 
with those with early puberty [22]. It may also be that being 
born heavy is associated to higher birth length [23], and 
this in turn predicts taller adult height which by itself, or via 
bone parameters, affects fracture risk. Birth length has, at 
least in men, been shown to be a stronger predictor of adult 
height and weight than birth weight [14]. It has also been 
shown that taller women have an increased risk of fracture 
in general and hip fracture in particular [24, 25], but also 
that fracture risk is site-specific in women and varies with 
body weight, height, and BMI [26]. Two studies, from New 
Zealand and Brazil, observed that birth length was posi-
tively associated with prepubertal fracture risk [3] and that 
children with a birth length of > 50.0 cm had an increased 
risk of fracture from birth until 11 years of age compared 
to children with a birth length < 46.0 cm [4]. To our knowl-
edge, there is no previous study on associations between 
birth length and adult fracture risk.

A recent Mendelian randomization study on BMI 
found that higher body size in childhood decreased frac-
ture risk whereas higher body size in adulthood increased 
fracture risk [27]. The reasons for why birth weight and 
birth length may predict fracture risk differently during 
childhood, adolescence, and adulthood could be many 
and include, e.g., growth trajectories, nutrition, hor-
mones, and timing of pubertal development [28]. In this 

study, however, we only have birth data and adult data and 
hence cannot include any childhood or adolescent weight 
or height data.

In the Cox proportional hazards regression analysis, the 
adjusted HR for fracture risk for women was of borderline 
significance (p = 0.054) and increased with increasing birth 
weight. In the crude analysis, lower relative fracture rates 
were observed for women being born small. Some reasons 
for this may be found among the causes of heavier birth 
weight. Maternal traits that increase the risk of fetal mac-
rosomia are, e.g., higher age, maternal obesity, diabetes mel-
litus and hypertension, and being a non-smoker [29, 30]. A 
recent review found that a maternal diet including high fat 
intake and low intakes of calcium, phosphorus, and magne-
sium was associated with lower bone mineral density (BMD) 
in young adult offspring [31]. A Danish study observed that 
a maternal diet characterized by a high intake of fat, meat, 
and potatoes, but a low intake of fruit and vegetables, was 
associated to an increased risk of forearm fractures in the 
offspring [32]. A recent Finnish study on children born 
between 1998 and 2017 found that children born very pre-
term or with extremely low birthweight had a lower frac-
ture incidence during childhood when compared to full-term 
children with normal birthweight. The authors speculated 
that this was due to a less fracture risk prone behavior in 
these children rather than early life factors [33].

Table 2  Anthropometric data at birth, military conscription (men 
only), and at study baseline for men and women born 1921–1950 and 
participating in the Malmö Preventive Project (MPP) and Malmö Diet 
and Cancer Study (MDCS). Data are presented separately for partici-

pants with or without fracture during follow-up. Included fractures 
occurred from 1987 and onwards at an age of ≥ 50 years of the par-
ticipant

*n = available answers for each variable for no fracture and fracture
**Body mass index (BMI)

Men (n = 4159) Women (n = 476)

n* No fracture Fracture p-value n* No fracture Fracture p-value

(n = 3124) (n = 1035) (n = 296) (n = 180)

Birth data
  Birth weight (kg) 3124/1035 3.540 (0.55) 3.544 (0.54) 0.726 296/180 3.389 (0.56) 3.541 (0.52) 0.399
  Birth length (cm) 3118/1034 51.5 (2.5) 51.6 (2.4) 0.282 295/180 51.0 (2.6) 51.8 (2.3) 0.409
  Head circumference (cm) 2941/951 35.4 (1.6) 35.4 (1.6) 0.416 294/180 34.7 (1.7) 34.9 (1.5) 0.048
  Ponderal index (kg/m3) 3110/1033 25.8 (2.9) 25.7 (2.9) 0.512 295/180 25.4 (2.7) 25.4 (2.6) 0.841
  Gestation length at birth (Weeks) 3092/1019 39.44 (2.3) 39.43 (2.0) 0.042 293/179 39.4 (2.0) 39.7 (1.5) 0.003

Conscription data
  Body weight (kg) 2397/792 65.3 (8.1) 65.3 (7.9) 0.625
  Height (m) 2808/954 176.2 (6.3) 176.9 (6.6) 0.020
  BMI** kg/m2 2390/791 21.0 (2.2) 20.8 (2.2) 0.852

Baseline data
  Body weight (kg) 3123/1035 78.6 (11.4) 78.4 (11.5) 0.230 296/180 68.3 (12.5) 67.4 (10.9) 0.084
  Height (m) 3123/1035 177.5 (6.5) 178.0 (6.7) 0.027 296/180 165.0 (6.3) 166.0 (5.9) 0.079
  BMI** kg/m2 3123/1035 24.9 (3.3) 24.7 (3.3) 0.189 296/180 25.0 (4.3) 24.5 (3.8) 0.222
  Waist-hip-ratio (Ratio) 470/169 0.936 (0.06) 0.944 (0.06) 0.018 212/119 0.80 (0.06) 0.80 (0.05) 0.653
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In a recent observational study based on Mendelian ran-
domization, a different effect of higher birth weight on adult 
bone area and BMC was observed, i.e., a higher birth weight 
predicted a higher effect on bone area than on BMC lead-
ing to a decreased adult BMD [34]. Two previous Swedish 
but smaller studies have also analyzed the effect of birth 
weight on BMC. Byberg et al. observed a positive associa-
tion between birth weight and BMC [1], and Callréus et al. 
observed that lower birth weight was associated with lower 

BMC [35]. In the current study, we were unable to include 
analyses of BMC or BMD. We instead focused on the main 
outcome, i.e., fractures, and found that women born smaller 
were at lower relative fracture risk as adults. This is in line 
with the Mendelian randomization study on birth weight and 
fracture risk mentioned above [2].

In the current study, we found no such effect of devel-
opmental mismatch that low birth length followed by high 
adult height was associated to increased fracture risk. We, 

Fig. 2  Relative fracture rates and crude hazard ratio (HR) with 95% 
confidence interval (CI) for A men and for B women born 1921–1950 
and participating in the Malmö Preventive Project (MPP) and Malmö 
Diet and Cancer Study (MDCS). Included fractures occurred from 
1987 and onwards at an age of ≥ 50 years of the participant. Relative 

fracture rates are shown separately for a birth weight, b birth length, 
c head circumference, and d ponderal index (kg/m.3) for fracture. 
Grey bands represent 95% confidence intervals. Vertical line repre-
sents the reference value (rounded mean value)
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however, found that both men and women with birth length 
in the highest tertile and an adult height in the highest ter-
tile corresponded to a higher fracture risk at ≥ 50 years of 
age. Whether this is due to the increased birth length, tall 
adult height, or a combination of both can only be specu-
lated. Increased adult height has been shown, in another 
study from the UK Biobank, to be associated with increased 
fracture risk in men and women in both an epidemiological 
model: OR 1.19 (1.12–1.26), and a genetical model: OR 1.27 
(1.17–1.39) [36]. This study substantiates this finding for 

women, but also further investigates the effect of birth length 
and adult height. For men, being born in the T3, but as an 
adult belonging to the T1 of body height, also increased frac-
ture risk. It can only be speculated if this is a result of not 
growing according to one’s genetic potential due to disease 
or malnutrition (stunted growth), or if other causes could 
explain this observation. For every individual, reaching peak 
bone mass (PBM) is an essential determinant of future bone 
mass and is affected by, e.g., gender, ethnicity, genetic, and 
environmental factors [37]. If an individual does not attain 

Fig. 2  (continued)
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the bone mass that the genetic potential entails, this could 
increase the risk of future fractures [37].

To further elucidate the mismatch analysis findings, we 
performed subsequent post-hoc adjusted Cox proportional 
hazards regression analyses for weight, height, and BMI at 
conscription (men only) and at basline (men and women 
separately). For men, increasing height at conscription was 
associated with higher relative fracture risk: HR 1.02 (95% 
CI) (1.01–1.02), and decreasing BMI at conscription was 
associated with lower relative fracture risk: HR 0.95 (95% 
CI) (0.92–0.99), whereas no effect of weight at conscription 

was identified (data not shown). At baseline, neither weight 
nor BMI was associated with an effect on fracture rates irre-
spective of sex (data not shown), whereas increasing height 
was associated with higher relative fracture rates: HR 1.01 
(95% CI) (1.002–1.02) for men, and HR 1.03 (95% CI) 
(1.01–1.05) for women, respectively.

Strengths and limitations

This study has two important strengths. Firstly, fracture data 
were collected from national registries rather than being 

Table 3  Cox proportional 
hazards regression analysis for 
the effect of birth parameters 
on fracture events for men and 
women born 1921–1950 and 
participating in the Malmö 
Preventive Project (MPP) and 
Malmö Diet and Cancer Study 
(MDCS). Included fractures 
occurred from 1987 and 
onwards at an age of ≥ 50 years 
of the participant

*Number of participants with one or several fracture events
**Numbers of fracture events
***Hazard ratio (HR) with 95% confidence interval (CI) adjusted for year of birth and gestation length at 
birth

Fracture

n* events** HR (95% CI)*** p-value

Men
  Birth weight (kg) 5662 1551 1.10 (0.96–1.25) 0.18
  Birth length (cm) 5652 1546 1.03 (0.997–1.06) 0.08
  Head circumference (cm) 5293 1442 0.99 (0.94–1.04) 0.73
  Ponderal index at birth (kg/m3) 5652 1546 0.995 (0.97–1.02) 0.69

Women
  Birth weight (kg) 780 308 1.34 (0.995–1.81) 0.054
  Birth length (cm) 779 308 1.10 (1.04–1.17) 0.002
  Head circumference (cm) 778 308 1.01 (0.92–1.10) 0.88
  Ponderal index at birth (kg/m3) 779 308 0.97 (0.92–1.02) 0.27

Table 4  Cox proportional hazards regression analysis and mismatch 
analysis for the effect of weight and length development on fracture 
events for men and women born 1921–1950 and participating in the 

Malmö Preventive Project (MPP) and Malmö Diet and Cancer Study 
(MDCS), included fractures occurred from 1987 and onwards at an 
age of ≥ 50 years of the participant

Group 1 (birth tertile T1 and adult tertile T1); group 2 (birth tertile T1 and adult tertile T3); group 3 (birth tertile T3 and adult tertile T1); group 
4 (birth tertile T3 and adult tertile T3)
*Number of participants with one or several fracture events
**Numbers of fracture events
***Hazard ratio (HR) with 95% confidence interval (CI) adjusted for year of birth and gestation length at birth

Men Women

n* events** HR*** (95%CI) p-value n* events** HR*** (95%CI) p-value

Birth weight—weight 2570 737 332 120
Group 1 (T1–T1) Reference Reference
Group 2 (T1–T3) 1.32 (0.996–1.75) 0.053 0.92 (0.43–1.95) 0.82
Group 3 (T3–T1) 1.23 (0.88–1.73) 0.23 1.69 (0.74–3.89) 0.22
Group 4 (T3–T3) 1.15 (0.87–1.52) 0.32 1.36 (0.65–2.83) 0.42
Birth length—height 2537 739 315 104
Group 1 (T1–T1) Reference Reference
Group 2 (T1–T3) 1.29 (0.93–1.77) 0.13 0.97 (0.44–2.13) 0.94
Group 3 (T3–T1) 1.50 (1.04–2.15) 0.029 0.97 (0.46–2.07) 0.94
Group 4 (T3–T3) 1.55 (1.19–2.03) 0.001 2.09 (1.18–3.68) 0.011
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self-reported. Secondly, data regarding birth parameters 
were collected from hospital delivery records and were thus 
not self-reported [16, 17]. One of the limitations of the cur-
rent study is that fewer women participated at baseline in 
the MPP study by design compared to the MDCS study. 
This is however due to the participation rates in the origi-
nal study cohorts that were population-based. In the MPP, 
roughly 22,000 men and 11,000 women participated [8]. For 
the MDCS, the respective numbers were 11,000 men and 
17,000 women [9]. Some of the participants participated in 
both cohorts and are only included once in this study. Two 
previous case–control studies abstracted birth data for par-
ticipants of the original cohorts. The first of these studies by 
Lahmann et al. was focused on breast cancer risk in women 
from the MDCS and included 131 breast cancer cases with 
345 age-matched controls [16]. The second study was per-
formed by Gerdtsson et al. and included 1355 prostate can-
cer cases that were matched to date of birth within ± 1 year 
with 5271 controls from the MPP. Birth data were searched 
in midwifes reports for participants born at hospitals in the 
Skåne county of Sweden and two other major cities (Goth-
enburg and Stockholm) [16]. Hence, a risk of selection bias 
may be present, but we are unable to address the matter any 
further. Thus, we consider this study as exploratory, why 
the results need to be confirmed in larger population-based 
research cohorts. As a sensitivity analysis, the Cox propor-
tional hazards regression analyses were performed includ-
ing only female and male controls. The results remained 
the same.

The original studies are observational studies, and base-
line data may not reflect values at later time-points, e.g., at 
the fracture event. In observational studies like the original 
studies, there is also always a risk of “the healthy cohort 
effect,” i.e., that healthier participants seek out participation 
in studies whereas eligible but not so healthy individuals to 
a larger extent choose not to participate for various reasons. 
For the MPP cohort, the total mortality was the same for the 
intervention and control group overall, but lower for par-
ticipants under 40 years of age at entry in the study [8]. For 
the MDCS cohort, it was found that mortality was higher in 
non-participants than in participants both during recruitment 
and follow-up periods [38]. It was also observed that non-
participants may have had a lower cancer incidence prior to 
recruitment but a subsequent higher incidence during the 
recruitment period [38].

The study cohort also reflects somewhat different time 
periods with more men included during the early study 
period and more women during the later study period [8]. 
During the study period, changes in care may have occurred 
with advances in intrauterine surveillance and neonatal care 
that might affect both the number of fetuses born alive and 
the number of surviving newborns, as well as the morbidity 
of the surviving newborns. In Sweden, national maternal 

health care was implemented in 1947 and further improved 
in 1955. This may affect the overall and specific health of 
the study participants differently (birth cohort effects). The 
measurement of length at birth might be more difficult than 
measuring, e.g., birth weight as birth length is dependent 
on the child stretching to its full length as not to underes-
timate its length. However, the measurement of the length 
of newborns has been shown to be reliable [39]. The fact 
that data on BMD were not available for any men and for 
only 194 women is a major limitation that rendered mean-
ingful analyses futile. However, the notion of the classical 
osteoporotic fracture based on a low bone mineral density 
might be replaced by the notion that all fractures, both high-
trauma and low-trauma, are to be considered risk markers 
for osteoporosis [40].

The non-proportionality of the Cox proportional hazards 
regression analysis could be considered a limitation of the 
study. However, in medical studies with a long follow-up 
period, the hazard ratio might not be constant from the start 
of the study until the end of the follow-up as this reflects the 
time-dependent nature of different diseases [41, 42]. For a 
given disease or condition, the hazards may change due to, 
e.g., given treatment or individual factors affecting the pro-
gression of the disease [41]. Hence, it can be argued that the 
hazard ratio from the Cox proportional hazards regression 
analysis should rather be interpreted as a weighted average 
of the true hazard ratios from the whole follow-up period 
[41] which is how we chose to interpret the Cox proportional 
hazards regression analyses of this study.

Conclusion

In conclusion, this longitudinal study shows that for women, 
shorter birth length is associated with a lower relative frac-
ture risk while no such association was evident for men. 
We were unable to identify any traditional weight mismatch 
effects from birth parameters on adult fracture risk, i.e., 
higher risk for individuals who catch up from a low value 
at birth. However, for both women and men, being born in 
T3 of birth length and remaining in this tertile for tallness in 
adulthood was associated with substantially higher relative 
fracture risk (55–110%). This finding needs to be further 
explored in dedicated future studies.
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