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Increased risk of rickets but not fractures during childhood and
adolescence following necrotizing enterocolitis among children
born preterm in Sweden
Amanda Magnusson1, Margareta Ahle2,3, Roland E. Andersson4,5, Diana Swolin-Eide1,6 and Anders Elfvin1,6

BACKGROUND: The aim was to clarify whether children born preterm with a history of necrotizing enterocolitis (NEC) had an
increased risk of rickets, fractures, and/or vitamin D deficiency during childhood and adolescence compared to controls without
NEC, matched for gestational age.
METHODS: All infants born in Sweden between 1987 and 2009 with a gestational age <32+ 0 weeks and a diagnosis of NEC were
identified. Totally, 465 children with a history of NEC and 2127 controls were included. International Classification of Diseases codes
for all categories of fractures, rickets, vitamin D deficiency, and malnutrition were analyzed.
RESULTS: In total, 94 of the 465 children with NEC died within 28 days. Of the 2127 controls, 288 died within 28 days. Among the
remaining 371 NEC cases, 39 fracture occasions were identified. The 1839 controls had 204 fracture occasions. There was no
significant difference in fractures. Rickets was diagnosed in 11 (3%) of the children with a history of NEC compared to 21 (1%) of the
controls (odds ratio 2.65, 95% CI 1.26–5.53, p= 0.007).
CONCLUSIONS: This study showed an increased risk of rickets but not fractures during childhood and adolescence in children born
preterm and with a history of NEC, compared to matched controls.

Pediatric Research (2019) 86:100–106; https://doi.org/10.1038/s41390-019-0390-z

INTRODUCTION
Necrotizing enterocolitis (NEC) is a severe inflammatory intestinal
condition primarily affecting preterm infants. It is often associated
with complications such as sepsis, perforation, peritonitis, and
death.1 The overall incidence of NEC ranges from 0.34 to 1.8 per
1000 live births2–5 and is inversely proportional to birth weight
and gestational age. Among the smallest and most preterm
infants, the incidence of NEC can be over 10%.6–8 During the past
decades, the number of surviving children born preterm has
increased.9 Our group has previously presented national
population-based studies on NEC epidemiology and trends in
Sweden, which described an increase in the incidence of NEC
between 1987 and 2009 and indications of space–time clustering
on hospital level.2,10 The same cohort has now been used in the
present study.
The pathogenesis of NEC is suggested to be multifactorial

resulting from a combination of intestinal immaturity, abnormal
microbial colonization, and immunoreactive intestinal mucosa.11,12

Severe cases of NEC are managed surgically with resection of the
affected part of the intestine, leading to shortening of the bowel
length, which may lead to malabsorption and intestinal failure.13–16

However, intestinal failure may also develop after medically treated
NEC. In these cases, the intestinal failure is often resolving over
time.15 Malabsorption of calcium and phosphorus may contribute
to osteopenia and rickets following NEC in preterm infants.17

Osteopenia of prematurity, also known as metabolic bone
disease of prematurity, remains an important cause of morbidity in
preterm infants, especially among those with birth weights <1500
g.18–22 Risk factors for osteopenia of prematurity include intestinal
surgery, extreme preterm birth, extreme low birth weight,
maternal preeclampsia, and delayed enteral feeding. Glucocorti-
coids and diuretics, which are commonly used in preterm infants,
also increase the risk.23,24

Children’s bone health is of increasing importance and concern.
Sweden has among the highest incidence of osteoporosis and
fractures in the world.25 Under normal conditions, bone mass
increases steadily and reaches a plateau in early adulthood, with
the bone mass achieved serving as a “bone bank” for the
remainder of life. Some studies indicate that high peak bone mass
reduces the risk of osteoporotic fractures later in life. It is thus
important to maximize the acquisition of bone mass during
childhood.26 Factors such as genetics, physical activity, hormones
and vitamins like vitamin D, nutrition, as well as chronic disorders
and medications, influence bone mineral accrual.21

Rickets of prematurity is mainly attributable to calcium and
phosphorus deficiencies, in contrast to nutritional rickets in
childhood that is usually caused by vitamin D deficiency.27,28 In
infants with cholestasis, however, vitamin D deficiency is
described following malabsorption of fat-soluble vitamins.29

Maximum fetal accretion rates for calcium and phosphorus occur
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in the third trimester, when 80% of these minerals in the fetal
skeleton are retained. Consequently, infants born preterm have
low supplies of these minerals.30 Symptoms of rickets in infancy
can be, e.g., thickened wrists, enlarged size of the fontanelle,
deformity, and delayed walking and, in older children, bowed
legs.31 Preterm infants have been shown to have low bone mass
at discharge from hospital with a possible catch-up during infancy
and childhood.32–34 NEC with malabsorption of calcium and
phosphorus may aggravate the metabolic bone disease of
prematurity. Therefore, we hypothesized that children with a
history of NEC would have an increased risk for fractures and
rickets compared to controls. To the best of our knowledge, this
has not been previously studied longitudinally.
The aim of this study was to clarify whether children born

preterm and diagnosed with NEC had an increased risk of rickets,
fractures, and/or vitamin D deficiency during childhood and
adolescence compared to control individuals, matched for
gestational age but without a history of NEC.

METHODS
Subjects
A cohort of all infants with a diagnosis of NEC born in Sweden
between 1987 and 2009 was identified from registers held by the
Swedish National Board of Health and Welfare: the National
Patient Register (NPR), the Swedish Medical Birth Register (SMB),
and the National Cause of Death Register (NCD). The NPR covers
all hospital admissions and specialist outpatient care in Sweden.
The diagnose codes of NEC according to the Ninth or Tenth
revisions of the International Classification of Diseases (ICD) were
used: ICD-9 code 777F and ICD-10 code P77. Between 1987 and
1996, the Ninth revision of ICD was used, and from 1997 the Tenth
revision of ICD was used.
Because of the rarity of NEC and the concentration of NEC to

the premature children, we used a case-control design with
matching on gestational age and birth year. Further detail of
design of the study and the process of data collection has been
described in detail in our previous publications.2,10

A total of 720 children with a history of NEC and complete
information in the SMB were identified during the years
1987–2009. Controls were selected randomly, matched for
gestational age and birth year. For a majority of the NEC cases,
six controls were found. However, in the most preterm subgroups,
some NEC cases had fewer controls due to a limited number of
eligible controls. In total, 3656 controls were identified. This
imbalance of controls should not induce any bias.
In term infants, NEC is often related to an underlying condition

such as cardiac malformation or asphyxia. This study focused on
preterm infants with NEC, and only infants with a gestational age
<31+ 6 were included. The study population thus consisted of
465 NEC cases and 2127 controls.
Only the infants surviving >28 days were eligible for analyses of

morbidities related to metabolic bone disease of prematurity.
Infants surviving <28 days were excluded from further analysis.

Variables
The outcomes for the cases and controls were assessed up to
December 31, 2012 through linkage with the NPR. The NPR
contains discharge diagnoses according to the ICD coding system
for all hospital admissions in Sweden. Diagnoses analyzed in this
study were all categories of fractures (Table 2), rickets, vitamin D
deficiency, short stature, disturbances in physiological develop-
ment, malnutrition, malabsorption, and obesity (Table 4). More-
over, diagnostic codes for osteoporosis (M80-82), osteomalacia
(M83), disorders of bone mineral density and structure (M85),
disorders of bone development and growth (M89), and deficient
production of growth hormone/hypofunction of pituitary gland
(E23.0A) were studied.

The occurrence of each diagnostic code was compared
between NEC cases and controls.
The 465 NEC cases included both medically and surgically

treated NEC. Surgical NEC cases were identified using the 1988,
1996, and 2004 versions of the Swedish Classification of surgical
procedures.

Protocol and statistical analysis
Each diagnosis, except for fractures, was only counted once per
individual, even if it generated multiple admissions as recorded in
the NPR. As for fractures, the reoccurrence of the same code
within 1 year was counted as one episode. If the code was used at
a later occasion, it was counted as a new fracture episode. Hence,
a fracture code could be retrieved several times from one
individual, indicating more than one fracture during childhood
and adolescence. It was also noted how many unique individuals
that had fractures. Both the number of fractures and the number
of individuals with fractures were taken into consideration.
Differences in the variables were analyzed using Chi-square test

and Fischer’s exact test for categorical data and Mann–Whitney U
test for quantitative data. Because of the different length of follow-
up, the comparisons in risk for fractures were made with
Kaplan–Meier estimates and univariate and multivariate Cox propor-
tional hazards regression with December 31, 2012 as latest date of
follow-up. The significance level was set at p < 0.05. SPSS statistics
version 23 and Stata release 1535 were used to conduct all analyses.
The study was approved by the Regional Ethical Review Board

in Linköping, approval number M213-07 with supplement 2010/
405-32.

RESULTS
Patient characteristics
The characteristics of the study population are shown in Table 1.
Regarding gender, 55% of the study population was boys, without
significant difference between NEC cases and controls. There was
a significant difference between the two groups in gestational
age, explained by the unequal distribution of controls with fewer
controls per case in the most preterm children. A significant
difference was also seen in birth weight, where NEC patients and
controls had a mean birth weight of 995 and 1126 g, respectively.
A total of 114 (24.5%) children with NEC and 5 (0.2%) children in
the control group were from multiple pregnancies, p < 0.001. No
statistical difference was noted between the groups regarding

Table 1. Patient characteristics

NEC, n= 465 Controls, n= 2127

Boys (%) 256 (55.1) 1178 (55.4)

Gestational age weeks, mean
(range) (SD)

27.1 (22–31) (2.2) 27.5 (22–31) (2.2)

Gestational age, days, mean
(range) (SD)

192 (158–223)
(15.7)

195 (158–223)
(15.4)

Birth weight, g, mean (range)
(SD)

995 (266–3450)
(385)
456 valid, 9
missing

1126.5 (306–4440)
(432)
2091 valid, 36
missing

Multiple pregnancy (%) 114 (24.5) 5 (0.2)

SGA (%) 129 (27.7) 499 (23.5)

Mortality within 7 days, n (%) 31 (6.7) 245 (11.5)

Mortality within 28 days, n (%) 94 (20.2) 288 (13.5)

NEC necrotizing enterocolitis, SD standard deviation, SGA small for
gestational age, defined as <2SD of expected birth weight for gestational
age
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being born small for gestational age, defined as being born below
−2 standard deviations of expected birth weight in relation to
gestational age. A higher proportion of infants died within 7 days
of life in the control group (11.5%) compared to NEC cases (6.7%),
p= 0.002, but the mortality within 28 days was higher in the NEC
group, 20.2% versus 13.5% in the control group, p < 0.001. In total,
94 of the 465 children with NEC died within 28 days, leaving 371
children for analyses of diagnostic codes regarding long-term
morbidities related to metabolic bone disease. Of the 2127
controls, 288 died within 28 days, leaving 1839 individuals for
morbidity analyses. The study identified 120 surgical NEC cases, of
which 112 survived >28 days (Fig. 1).

Fractures
Of the remaining 371 NEC cases, 39 fracture occasions in 29
individuals were identified (Table 2). One child had a fracture at

the same location three times, one child had a fracture at the
same location two times, three of the children had fracture
diagnoses at two different locations, and two children had fracture
diagnoses at three different locations. Of the remaining 1839
controls, 204 occasions of fractures in 164 individuals were
identified (Table 2). Two of the children had a fracture at the same
location 3 times, 9 children had a fracture at the same location 2
times, 16 children had fracture diagnoses at 2 different locations, 4
children had fracture diagnoses at 3 different locations, and 1
child had fractures at 4 different locations. Of the 29 NEC cases
with fractures, 19 were boys. Of the 164 controls with fractures,
100 were boys. Statistical analyses were made on the total number
of fractures and for every subgroup of fractures. As shown in
Table 2, the incidence of fractures did not differ significantly
between NEC cases and controls, neither the total number of
fractures nor in any of the subgroups. NEC cases were significantly

All live births 1987 – 2009

All children with
NEC born between

1987 and 2009
Children with
incomplete

information in the
SMB, excluded

All children with NEC
with complete

information in the SMB

Controls, matched for
gestational age and birth
year 1 – 6 for each child

with NEC

Controls with
gestational age > 32
+ 0 weeks, excluded

Controls with
gestational age < 31 + 6

weeks

Controls who died
within 28 days,

excluded

NEC

Controls who survived
> 28 days

Children with NEC who
survived > 28 days

Medical NEC Surgical NEC

Children with NEC with
gestational age < 31 + 6

weeks

Children with NEC who
died within 28 days,

excluded

NEC cases with
gestational age > 32 + 0

weeks, excluded

n = 2,381,318

n = 94

n = 255

n = 465

n = 95

n = 720 n = 3656

n = 1529

n = 2127

n = 288

n = 1839n = 371

n = 259 n = 112

Controls

Fig. 1 Flow chart for study population. SMB the Swedish Medical Birth Register
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older than controls at the time of fracture with a mean age at time
of fracture of 11.2 years in the NEC group and 9.2 years among
controls (p= 0.037).
According to Kaplan–Meier estimate and Cox regression

analyses, the NEC cases had similar risk for fractures as the
controls (Fig. 2 and Table 3). Girls had a significant lower risk
compared with boys. Children with >27 weeks of gestational age
had a higher risk compared with children with lower gestational
age. When analyzing fractures among the surgical NEC cases
compared to controls, no differences could be found (data not
shown).

Rickets
Eleven (3%) of the children with NEC were diagnosed with rickets
compared to 21 (1.1%) of the controls (odds ratio (OR) 2.65, 95%
confidence interval (CI) 1.26–5.53, p= 0.007) (Table 4). The
diagnosis of rickets was made during the first year of life in all
NEC patients and in all but one of the controls. One control was
diagnosed at 13 years of age.
Of the patients diagnosed with rickets, only two had any

fracture diagnosis, both from the control group. One of them
was the child diagnosed with rickets at age 13 years. This
patient had four different fracture occasions, including a scapula
fracture.

Vitamin D deficiency and other related diseases
No child, neither in the NEC group nor in the control group, was
diagnosed with vitamin D deficiency.
Intestinal malabsorption, postsurgical malabsorption, and post-

procedural disorder of the digestive system were significantly
more common in the NEC group (Table 4).
Short stature, malnutrition, retarded development following

malnutrition, other nutritional deficiencies, sequelae of malnutri-
tion, lack of expected normal physiological development includ-
ing failure to thrive, and obesity did not differ significantly
(Table 4).

DISCUSSION
This study showed an increased risk of rickets during infancy in
children with a history of preterm birth and NEC compared to
preterm children without NEC. However, a history of NEC was not
associated with an increased risk of fractures during childhood
and adolescence. Notable is that children with >27 weeks of
gestational age had a higher risk compared with children with
lower gestational age. The reason for this or any clinical
implication is not possible to assess from our data. Furthermore,
the diagnosis malabsorption was more common among NEC
cases than controls. Only the infants surviving >28 days were
eligible for analyses of morbidities related to metabolic bone

0
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0.50
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is

k 
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tu

re
s

0.75

1.00

Kaplan–Meier failure estimates

1835
Number at risk

Controls

Controls

NEC cases

Cases

1500 909 553 346 71
125395169289371

5 10 15
Years

20 25

Fig. 2 Kaplan–Meier estimate showing the risk of fractures in relation to the number of years studied. Data were collected from children born
between 1987 and 2012. The children had different ages at the time of data collection. No difference regarding the risk of fractures could be
detected between necrotizing enterocolitis cases and controls

Table 3. Risk for fracture according to multivariate Cox proportional hazard regression

Variable Univariable analysis Multivariable analysis

HR CI low CI high p Value HR CI low CI high p Value

NEC 1.11 0.79 1.57 0.542 1.15 0.81 1.63 0.422

Time period (decade) 1.01 0.98 1.05 0.467 1.02 0.98 1.05 0.334

Female sex 0.68 0.52 0.89 0.005 0.68 0.52 0.89 0.005

Gestational age >27 weeks 1.54 1.16 2.03 0.002 1.69 1.22 2.34 0.002

Birth weight (100 g) 1.02 0.99 1.05 0.221 0.99 0.96 1.03 0.628

Calculated on 371 cases with 39 fractures and 1839 controls with 204 fractures
CI confidence interval, HR hazard ratio
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disease of prematurity. Mortality within 28 days was higher in the
NEC group, but 7-day mortality was higher among controls. This is
explained by the fact that NEC commonly develops after 7 days of
life, and the most severely ill infants would die before developing
NEC.
Osteopenia of prematurity is a well-known and important cause

of morbidity in preterm infants. It was previously shown that NEC
in preterm infants is associated with an increased risk of
developing osteopenia of prematurity.18,19,36 Nutritional rickets
following NEC was described already in 1986 by Cikrit et al.37

In the present study, we could confirm these findings with an
increased proportion of children with rickets in children with a
history of preterm birth and NEC compared to preterm children
without NEC. The study was limited to the diagnostic codes from
ICD 9 and ICD 10 and could not confirm the diagnosis by X-ray or
by following laboratory results, such as alkaline phosphatase or s-
phosphate. The overall incidence of rickets was low with 3.0% in the
NEC group and 1.1% among the controls. Whether metabolic bone
disease of prematurity is a condition mainly limited to the neonatal
period is not fully studied. As previously mentioned, preterm infants
in general have low bone mass at discharge from hospital with a
possible catch-up during infancy and childhood.32–34 No child in
the NEC group and only one child in the control group was
diagnosed with rickets after 1 year of age. Our group has earlier
presented results showing that children born preterm have
normal bone mass but different body composition compared to
full-term controls at 4 years of age.36

In modern neonatology with increasing awareness of the risk
factors for metabolic bone disease and a focus on improved
nutrition, the aim is to further limit the number of cases with
neonatal osteopenia and rickets. A recent survey among members
of the American Academy of Pediatrics shows that there is a good
awareness of metabolic bone disease of prematurity among
neonatologists in the USA, but there is still a need to optimize
strategies to prevent and manage the condition.38

NEC is a risk factor for metabolic bone disease of prematurity
but the long-term effects after the neonatal period are not
sufficiently studied. No differences in the number of or type of
fractures during childhood and adolescence were found between
children with a history of preterm birth and NEC compared to
matched controls. It was a reassuring to find that NEC during the
neonatal period among preterm infants does not seem to increase
the risk of fractures during childhood. We have no explanation for
the significantly older age at the time of fracture in NEC patients

compared to controls. Any differences in daily life activities
between the groups cannot be discerned from our data.
Among preterm infants with a history of NEC, there are several

factors that might contribute to osteopenia. NEC, both medically
and surgically treated, may lead to a dysfunctional bowel with
malabsorption of calcium and phosphorus. In this study,
diagnoses related to malabsorption were more common in the
NEC group than in controls. Among infants with intestinal failure
treated with parenteral nutrition for a longer period, cholestasis
may develop leading to malabsorption of fat-soluble vitamins.29,39

This may lead to vitamin D deficiency, which could aggravate the
metabolic bone disease. In the present study, however, there was
not a single child diagnosed with vitamin D deficiency according
to the reported diagnose codes. Owing to the retrospective design
of this study, it was not possible to analyze the level of 25-OH
vitamin D. In Sweden, vitamin D supplementation is recom-
mended to all children until the age of 2 years.

Strength and weaknesses
A strength of the present study is the cohort of all newborn infants
with a diagnosis of NEC born in Sweden between 1987 and 2009
resulting in a large number of studied patients and controls
followed for a long period of time.
A weakness is the retrospective design, which makes it

impossible to follow-up laboratory and clinical data to confirm
the diagnosis. Furthermore, all diagnostic data is based on
the diagnostic codes as they are reported by the treating clinician.
The use of patient registers in this study not only includes
the advantage of being able to study large number of patients but
also includes the disadvantage of not being able to confirm the
diagnosis on each patient with a medical record review.

CONCLUSION
In summary, this longitudinal follow-up study showed that, among
children born preterm, those with a history of NEC were at
increased risk of rickets and diagnosis of malabsorption than those
without NEC. However, a history of NEC was not associated with
an increased risk of fractures during childhood and adolescence.
The diagnosis of rickets was usually limited to the first year of life.
Children with a history of NEC were older, compared to controls, at
the time of fractures. Children born between gestational weeks
28–32 had a higher risk of fractures compared to extremely
preterm infants.

Table 4. Morbidities related to intestinal function and metabolic bone disease

Diagnosis (ICD10/ICD9) All NEC surviving 28 days, including
surgical, n= 371, % (n)

Controls surviving 28 days,
n= 1839, % (n)

p Value

Short stature E34.3 3.5 (13) 3.3 (61) 0.874

Malnutrition E40–44, E46 0.5 (2) 0.8 (15) 0.753

Retarded development following malnutrition E45 0.3 (1) 0 (0) 0.168

Rickets E55.0/268.0 3.0 (11) 1.1 (21) 0.007

Vitamin D deficiency E55.9/268.9 0 (0) 0 (0) —

Other nutritional deficiencies and sequelae of malnutrition and
other nutritional deficiencies E63–E64

0.5 (2) 0.2 (4) 0.266

Lack of expected normal physiological development, including
failure to thrive R62/783.4

5.7 (21) 5.1 (93) 0.608

Obesity E65–66 0 (0) 0.5 (9) 0.371

Intestinal malabsorption, unspecified K90.8–K90.9 1.6 (6) 0.2 (4) 0.002

Postsurgical malabsorption and postprocedural disorder of
digestive system, unspecified K91.2, K91.8, K91.9

4.0 (15) 0.2 (3) <0.001

ICD International Classification of Diseases, NEC necrotizing enterocolitis
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