
the bmj | BMJ 2019;365:l1346 | doi: 10.1136/bmj.l1346� 1

RESEARCH

Preterm birth and risk of chronic kidney disease from childhood 
into mid-adulthood: national cohort study
Casey Crump,1 Jan Sundquist,2 Marilyn A Winkleby,3 Kristina Sundquist2

ABSTRACT
OBJECTIVE
To investigate the relation between preterm birth 
(gestational age <37 weeks) and risk of CKD from 
childhood into mid-adulthood.
DESIGN
National cohort study.
SETTING
Sweden.
PARTICIPANTS
4 186 615 singleton live births in Sweden during 
1973-2014.
EXPOSURES
Gestational age at birth, identified from nationwide 
birth records in the Swedish birth registry.
MAIN OUTCOME MEASURES
CKD, identified from nationwide inpatient and 
outpatient diagnoses through 2015 (maximum 
age 43 years). Cox regression was used to examine 
gestational age at birth and risk of CKD while 
adjusting for potential confounders, and co-sibling 
analyses assessed the influence of unmeasured 
shared familial (genetic or environmental) factors.
RESULTS
4305 (0.1%) participants had a diagnosis of CKD 
during 87.0 million person years of follow-up. Preterm 
birth and extremely preterm birth (<28 weeks) were 
associated with nearly twofold and threefold risks 
of CKD, respectively, from birth into mid-adulthood 
(adjusted hazard ratio 1.94, 95% confidence interval 
1.74 to 2.16; P<0.001; 3.01, 1.67 to 5.45; P<0.001). 
An increased risk was observed even among those 
born at early term (37-38 weeks) (1.30, 1.20 to 1.40; 
P<0.001). The association between preterm birth 
and CKD was strongest at ages 0-9 years (5.09, 4.11 
to 6.31; P<0.001), then weakened but remained 
increased at ages 10-19 years (1.97, 1.57 to 2.49; 
P<0.001) and 20-43 years (1.34, 1.15 to 1.57; 

P<0.001). These associations affected both males 
and females and did not seem to be related to shared 
genetic or environmental factors in families.
CONCLUSIONS
Preterm and early term birth are strong risk factors for 
the development of CKD from childhood into mid-
adulthood. People born prematurely need long term 
follow-up for monitoring and preventive actions to 
preserve renal function across the life course.

Introduction
Preterm birth (<37 gestational weeks) interrupts the 
development and maturation of the kidneys during a 
critical growth period. The third trimester of pregnancy 
is the most active period of fetal nephrogenesis, during 
which more than 60% of nephrons are formed.1  2 
Interruption of this process results in a lower nephron 
endowment that is lifelong.3 4 Lower nephron 
number has been associated with the development of 
hypertension and progressive kidney disease later in 
life.5-8 We hypothesized that preterm birth, through 
its effects on lower nephron endowment, leads to a 
persistent increased risk of chronic kidney disease 
(CKD) into adulthood.

Despite the known effects of preterm birth on renal 
development, few studies have examined preterm birth 
in relation to subsequent risk of CKD. Low birth weight 
(<2500 g) has been linked to a higher risk of CKD in 
childhood and adulthood, but most studies have not 
examined gestational age at birth.9 Preterm birth is a 
known risk factor for neonatal acute kidney injury,10 11 
which has been associated with an increased risk of 
CKD later in childhood.12-14 A previous cohort study 
reported that preterm birth was associated with a non-
significantly increased risk of end stage renal disease 
at ages up to 42 years, but did not examine narrower 
gestational age groups or risk of CKD (including earlier 
and end stage disease).15 The long term risks of CKD 
in adults who were born prematurely remain unclear. 
Because of considerable advances in neonatal and 
pediatric treatment, more than 95% of people born 
preterm now survive into adulthood.16 17 Consequently, 
it is imperative to understand the long term risks of 
CKD to guide monitoring and preventive actions to 
preserve renal function across the lifespan.

To tackle these knowledge gaps, we conducted a 
national cohort study of more than four million people 
in Sweden to examine preterm birth in relation to the 
long term risks of CKD. We determined the population 
based risk estimates for CKD from childhood into mid-
adulthood associated with gestational age at birth, 
assessed whether these associations vary according to 
sex or fetal growth, and in co-sibling analyses explored 
the potential influence of shared familial (genetic or 
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environmental) factors. The results will help guide long 
term surveillance for early detection and prevention of 
kidney disease in children and adults who were born 
preterm.

Methods
Study population
The Swedish birth registry contains prenatal and 
birth information for nearly all births in Sweden since 
1973.18 Using this registry, we identified 4 195 249 
singleton live births during 1973-2014. Given the 
higher prevalence of preterm birth and its different 
underlying causes among multiple births we chose 
singleton births to improve internal comparability. 
We excluded 8634 (0.2%) births that had missing 
information for gestational age, leaving 4 186 615 
births (99.8% of the original cohort) for inclusion in 
the study.

Ascertainment of gestational age at birth and CKD
Gestational age at birth was identified from the 
Swedish birth registry based on maternal report of 
last menstrual period in the 1970s and ultrasound 
estimation in the 1980s and later. We examined this 
alternatively as a continuous variable or categorical 
variable with six groups: extremely preterm (22-27 
weeks), very preterm (28-33 weeks), late preterm (34-
36 weeks), early term (37-38 weeks), full term (39-41 
weeks, reference group), and post-term (≥42 weeks). In 
addition, we combined the first three groups to provide 
summary estimates for preterm birth (<37 weeks).

The study cohort was followed-up for the earliest 
diagnosis of CKD from birth to 31 December 2015 
(maximum age 43 years). We identified CKD using 
ICD (international classification of diseases, ninth and 
10th revisions) codes from all primary and secondary 
diagnoses in the Swedish hospital and outpatient 
registries (ICD-9 code 585 during 1987-96, and ICD-
10 code N18 during 1997-2015). The Swedish hospital 
registry contains all primary and secondary hospital 
discharge diagnoses from six populous counties in 
southern Sweden starting in 1964 and with nationwide 
coverage starting in 1987; and the Swedish outpatient 
registry contains outpatient diagnoses from all 
specialty clinics nationwide starting in 2001. CKD had 
no specific ICD codes before 1987; to assess the effects 
on our results, we carried out sensitivity analyses after 
restricting to those born in 1987 or later. In addition, 
we examined end stage renal disease (ICD-10 codes 
N18.0, Z49, Z94.0, Z99.2) as a secondary outcome.

Other study variables
We identified other perinatal and maternal 
characteristics that might be associated with 
gestational age at birth and CKD using the Swedish 
birth registry and national census data, which were 
linked using an anonymous personal identification 
number. Adjustment variables included birth year 
(continuous and categorical by decade), sex, birth 
order (1, 2, ≥3), congenital anomalies (yes/no, 
identified using ICD-8/9 codes 740-759 and ICD-10 

codes Q00-Q99), and several maternal characteristics: 
age (continuous), education level (<10, 10-12, >12 
years), body mass index (BMI; continuous), smoking 
(0, 1-9, ≥10 cigarettes/day), pre-eclampsia (ICD-8: 
637; ICD-9: 624.4-624.7; ICD-10: O14-O15), other 
hypertensive disorders during pregnancy (ICD-8: 
400-404; ICD-9: 401-405, 642.0-642.3, 642.9; ICD-
10: I10-I15, O10-O11, O13, O15-O16), and diabetes 
mellitus during pregnancy (ICD-8: 250; ICD-9: 250, 
648.0; ICD-10: O24, E10-E14). Maternal smoking, pre-
eclampsia, other hypertensive disorders, and diabetes 
mellitus were examined because they have been 
associated with preterm delivery19 and are known risk 
factors for CKD,20-22 although it is unclear whether they 
are also associated with CKD in the offspring.

Maternal BMI and smoking were assessed at the 
beginning of prenatal care starting in 1982, and were 
available for 61.0% and 74.2% of women, respectively. 
Data were more than 99% complete for all other 
variables. We imputed missing data for each covariate 
using a standard multiple imputation procedure based 
on the variable’s relation with all other covariates and 
CKD.23

Statistical analysis
Cox proportional hazards regression was used to 
compute hazard ratios and 95% confidence intervals 
for associations between gestational age at birth and 
risk of CKD. These associations were examined across 
the entire age range of 0-43 years and in narrower age 
ranges (0-9, 10-19, 20-43 years) among those still 
living in Sweden and without a previous diagnosis 
of CKD at the beginning of the respective age range. 
Attained age was used as the Cox model time axis. 
We censored participants at death as identified in 
the Swedish death registry (n=43 616; 1.0%), or at 
emigration as determined by absence of a Swedish 
residential address in census data (n=259 900; 6.2%). 
Emigrants and non-emigrants had similar gestational 
ages at birth (median 40 1/7 weeks for both groups), 
and thus it was unlikely that emigration introduced 
any substantial bias. Analyses were conducted both 
unadjusted and adjusted for covariates. We examined 
potential additive or multiplicative interactions 
between gestational age at birth and either sex or fetal 
growth in relation to CKD risk.24 25 The proportional 
hazards assumption was assessed by examining log-
log plots26 and was met in each model.

To assess for potential confounding effects of 
unmeasured shared familial (genetic or environmental) 
factors, we performed co-sibling analyses. These 
analyses used stratified Cox regression with a separate 
stratum for each family as identified by the mother’s 
anonymous identification number. A total of 3 504 900 
participants (83.7% of the cohort) had at least one 
sibling and were included in these analyses. In the 
stratified Cox model, each set of siblings has its own 
baseline hazard function that reflects the family’s 
shared genetic and environmental factors, and thus 
comparisons of different gestational ages at birth are 
made within the family. In addition, these analyses 
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were further adjusted for the same covariates as in the 
main analyses.

In secondary analyses, we further adjusted for 
fetal growth (defined as birth weight standardized for 
gestational age and sex based on Swedish reference 
intrauterine growth curves27) to explore the effects of 
gestational age at birth on risk of CKD independent of 
fetal growth. In addition, we examined other perinatal 
and maternal characteristics to identify more early life 
risk factors for CKD.

Because diagnostic codes for CKD were unavailable 
before 1987, we performed sensitivity analyses to 
examine preterm birth in relation to risk of CKD in 
childhood or adolescence after restricting to those 
born in 1987-2014 (n=2 851 119). Statistical tests 
were two sided and used an α level of 0.05. Analyses 
were conducted using Stata version 15.1.

Patient and public involvement
No patients were involved in setting the research 
question or the outcome measures, nor were 
they involved in developing plans for design or 
implementation of the study. No patients were asked 
to advise on interpretation or writing up of results. The 
results will be disseminated to patients and the public 
through a website and press releases suitable for a 
non-specialized audience.

Results
Table 1 shows perinatal and maternal characteristics 
by gestational age at birth. Preterm infants were more 
likely than full term infants to be male or first born 
or to have congenital anomalies, and their mothers 
were more likely to be at the extremes of age, smoke, 
have low education level or high BMI, or have pre-
eclampsia, other hypertensive disorders, or diabetes 
mellitus during their pregnancy.

Gestational age at birth and risk of CKD
Overall, 4305 (0.1%) participants had a diagnosis of 
CKD during 87.0 million person years of follow-up, 
yielding an overall incidence rate of 4.95 per 100 000 
person years across all ages examined (0-43 years). 
The incidence rates by gestational age at birth were 
9.24 for preterm infants, 5.90 for early term, and 4.47 
for full term (table 2). Neonatal acute renal failure 
(ICD-9 584 or ICD-10 N17, available during 1987-
2015) was identified in 300 participants (including 83 
born preterm), of whom 72 (24.0%) had a subsequent 
diagnosis of CKD (including 15 born preterm).

Across the entire age range (0-43 years), gestational 
age at birth was inversely associated with risk of CKD 
(adjusted hazard ratio for each additional week of 
gestation, 0.92, 95% confidence interval 0.90 to 0.93; 
P<0.001; table 2). Preterm and early term birth were 

Table 1 | Characteristics of participants by gestational age at birth, Sweden, 1973-2014

Characteristics
Extremely preterm  
(22-27 weeks)

Very preterm  
(28-33 weeks)

Late preterm  
(34-36 weeks)

Early term  
(37-38 weeks)

Full term  
(39-41 weeks)

Post-term  
(≥42 weeks)

No of participants 8129 43 516 155 626 737 412 2 895 746 346 186
Child characteristics
Sex:
  Male 4435 (54.6) 24 286 (55.8) 84 696 (54.4) 379 645 (51.5) 1 471 045 (50.8) 188 354 (54.4)
  Female 3694 (45.4) 19 230 (44.2) 70 930 (45.6) 357 767 (48.5) 1 424 701 (49.2) 157 832 (45.6)
Birth order:
  1 4094 (50.4) 22 513 (51.7) 77 533 (49.8) 296 887 (40.3) 1 218 861 (42.1) 172 698 (49.9)
  2 2292 (28.2) 12 211 (28.1) 46 346 (29.8) 269 837 (36.6) 1 087 327 (37.5) 111 056 (32.1)
  ≥3 1743 (21.4) 8792 (20.2) 31 747 (20.4) 170 688 (23.1) 589 558 (20.4) 62 432 (18.0)
Congenital anomalies 219 (2.7) 1115 (2.6) 1775 (1.1) 2733 (0.4) 5024 (0.2) 944 (0.3)
Maternal characteristics
Age (years):
  <20 356 (4.4) 2056 (4.7) 6464 (4.2) 22 060 (3.0) 84 018 (2.9) 12 962 (3.7)
  20-24 1554 (19.1) 8868 (20.4) 33 037 (21.2) 138 918 (18.8) 580 804 (20.1) 76 288 (22.0)
  25-29 2378 (29.3) 13 488 (31.0) 50 748 (32.6) 242 523 (32.9) 1 018 704 (35.2) 121 282 (35.0)
  30-34 2206 (27.1) 11 552 (26.6) 40 970 (26.3) 210 743 (28.6) 821 392 (28.4) 92 811 (26.8)
  35-39 1280 (15.7) 6012 (13.8) 19 826 (12.7) 100 289 (13.6) 330 684 (11.4) 36 880 (10.7)
  ≥40 355 (4.4) 1540 (3.5) 4581 (2.9) 22 879 (3.1) 60 144 (2.1) 5963 (1.7)
Education (years):
  <10 1369 (16.8) 7229 (16.6) 24 216 (15.6) 103 813 (14.1) 367 744 (12.7) 48 593 (14.0)
  10-12 3867 (47.6) 20 812 (47.8) 73 689 (47.3) 337 757 (45.8) 1 304 617 (45.1) 157 016 (45.4)
  >12 2893 (35.6) 15 475 (35.6) 57 721 (37.1) 295 842 (40.1) 1 223 385 (42.2) 140 577 (40.6)
Body mass index:
  <18.5 137 (1.7) 1118 (2.6) 4767 (3.1) 21 727 (2.9) 65 593 (2.3) 4649 (1.3)
  18.5-24.9 6006 (73.9) 33 733 (77.5) 120 397 (77.4) 565 433 (76.7) 2 279 136 (78.7) 275 210 (79.5)
  25.0-29.9 1381 (17.0) 5935 (13.6) 21 157 (13.6) 107 005 (14.5) 404 104 (14.0) 46 599 (13.5)
  ≥30.0 605 (7.4) 2730 (6.3) 9305 (6.0) 43 247 (5.9) 146 913 (5.1) 19 728 (5.7)
Smoking (cigarettes/day):
  0 5904 (72.6) 30 588 (70.3) 113 066 (72.6) 562 247 (76.3) 2 215 716 (76.5) 247 294 (71.4)
  1-9 1731 (21.3) 10 181 (23.4) 33 600 (21.6) 138 227 (18.7) 567 319 (19.6) 87 933 (25.4)
  ≥10 494 (6.1) 2747 (6.3) 8960 (5.8) 36 938 (5.0) 112 711 (3.9) 10 959 (3.2)
Pre-eclampsia 1027 (12.6) 7775 (17.8) 15 822 (10.2) 39 087 (5.3) 94 678 (3.3) 11 831 (3.4)
Other hypertensive disorders 111 (1.4) 767 (1.8) 2191 (1.4) 8806 (1.2) 24 736 (0.9) 2347 (0.7)
Diabetes mellitus 88 (1.1) 902 (2.1) 3867 (2.5) 11 940 (1.6) 16 748 (0.6) 710 (0.2)

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies. 
.

at D
ep

artm
en

t G
E

Z
-L

T
A

 E
rasm

u
sh

o
g

esch
o

o
l

 
o

n
 21 M

ay 2025
 

h
ttp

s://w
w

w
.b

m
j.co

m
/

D
o

w
n

lo
ad

ed
 fro

m
 

1 M
ay 2019. 

10.1136/b
m

j.l1346 o
n

 
B

M
J: first p

u
b

lish
ed

 as 

https://www.bmj.com/


RESEARCH

4� doi: 10.1136/bmj.l1346 | BMJ 2019;365:l1346 | the bmj

Ta
bl

e 
2 

| A
ss

oc
ia

tio
ns

 b
et

w
ee

n 
ge

st
at

io
na

l a
ge

 a
t b

irt
h 

an
d 

ris
k 

of
 ch

ro
ni

c k
id

ne
y 

di
se

as
e 

(C
KD

), 
Sw

ed
en

, 1
97

3-
20

15

At
ta

in
ed

 a
ge

 b
y 

ge
st

at
io

na
l a

ge

Al
l

M
al

es
Fe

m
al

es

No
No

 w
ith

 
CK

D
In

ci
de

nc
e*

Un
ad

ju
st

ed
 h

az
ar

d 
ra

tio
 (9

5%
 C

I)
Ad

ju
st

ed
†  h

az
ar

d 
ra

tio
 (9

5%
 C

I)
P 

va
lu

e
No

 w
ith

 
CK

D
In

ci
de

nc
e*

Ad
ju

st
ed

†  h
az

ar
d 

ra
tio

 (9
5%

 C
I)

P 
va

lu
e

No
 w

ith
 

CK
D

In
ci

de
nc

e*
Ad

ju
st

ed
†  h

az
ar

d 
ra

tio
 (9

5%
 C

I)
P 

va
lu

e
0-

43
 ye

ar
s:

 
Pr

et
er

m
20

7 
27

1
37

9
9.

24
2.

12
 (1

.9
0 

to
 2

.3
6)

1.
94

 (1
.7

4 
to

 2
.1

6)
<0

.0
01

21
0

9.
32

1.
76

 (1
.5

2 
to

 2
.0

4)
<0

.0
01

16
9

9.
14

2.
21

 (1
.8

8 
to

 2
.6

0)
<0

.0
01

 
Ex

tre
m

el
y p

re
te

rm
81

29
11

13
.3

3
3.

77
 (2

.0
8 

to
 6

.8
1)

3.
01

 (1
.6

7 
to

 5
.4

5)
<0

.0
01

5
11

.6
4

2.
39

 (0
.9

9 
to

 5
.7

6)
0.

05
6

15
.1

7
3.

85
 (1

.7
3 

to
 8

.6
0)

0.
00

1
 

Ve
ry

 p
re

te
rm

43
 5

16
87

10
.7

4
2.

51
 (2

.0
2 

to
 3

.1
0)

2.
22

 (1
.7

9 
to

 2
.7

5)
<0

.0
01

44
9.

78
1.

84
 (1

.3
6 

to
 2

.4
8)

<0
.0

01
43

11
.9

4
2.

83
 (2

.0
9 

to
 3

.8
5)

<0
.0

01
 

La
te

 p
re

te
rm

15
5 

62
6

28
1

8.
76

1.
99

 (1
.7

6 
to

 2
.2

5)
1.

84
 (1

.6
2 

to
 2

.0
8)

<0
.0

01
16

1
9.

15
1.

73
 (1

.4
7 

to
 2

.0
4)

<0
.0

01
12

0
8.

28
2.

01
 (1

.6
6 

to
 2

.4
3)

<0
.0

01
 

Ea
rly

 te
rm

73
7 

41
2

87
0

5.
90

1.
39

 (1
.2

9 
to

 1
.5

0)
1.

30
 (1

.2
0 

to
 1

.4
0)

<0
.0

01
53

1
6.

90
1.

35
 (1

.2
2 

to
 1

.4
9)

<0
.0

01
33

9
4.

81
1.

23
 (1

.0
9 

to
 1

.3
9)

0.
00

1
 

Fu
ll 

te
rm

2 
89

5 
74

6
26

90
4.

47
Re

fe
re

nc
e

Re
fe

re
nc

e
15

45
5.

05
Re

fe
re

nc
e

11
45

3.
87

Re
fe

re
nc

e
 

Po
st

-te
rm

34
6 

18
6

36
6

4.
57

0.
90

 (0
.8

1 
to

 1
.0

1)
0.

98
 (0

.8
8 

to
 1

.0
9)

0.
68

24
5

5.
79

1.
10

 (0
.9

6 
to

 1
.2

6)
0.

15
12

1
3.

20
0.

79
 (0

.6
6 

to
 0

.9
6)

1.
02

 
Ea

ch
 a

dd
iti

on
al

 w
ee

k
0.

90
 (0

.8
8 

to
 0

.9
1)

0.
92

 (0
.9

0 
to

 0
.9

3)
<0

.0
01

0.
93

 (0
.9

1 
to

 0
.9

5)
<0

.0
01

0.
90

 (0
.8

8 
to

 0
.9

2)
<0

.0
01

0-
9 

ye
ar

s:
 

Pr
et

er
m

20
7 

27
1

12
3

7.
05

5.
64

 (4
.5

8 
to

 6
.9

5)
5.

09
 (4

.1
1 

to
 6

.3
1)

<0
.0

01
80

8.
39

5.
34

 (4
.0

8 
to

 6
.9

8)
<0

.0
01

43
5.

43
4.

72
 (3

.3
0 

to
 6

.7
5)

<0
.0

01
 

Ex
tre

m
el

y p
re

te
rm

81
29

4
9.

50
7.

47
 (2

.7
9 

to
 2

0.
02

)
5.

15
 (1

.9
2 

to
 1

3.
84

)
0.

00
1

1
4.

50
2.

15
 (0

.3
0 

to
 1

5.
35

)
0.

45
3

15
.0

9
9.

47
 (2

.9
8 

to
 3

0.
10

)
<0

.0
01

 
Ve

ry
 p

re
te

rm
43

 5
16

30
8.

56
6.

84
 (4

.7
1 

to
 9

.9
5)

5.
96

 (4
.0

7 
to

 8
.7

3)
<0

.0
01

20
10

.2
9

6.
28

 (3
.9

3 
to

 1
0.

04
)

<0
.0

01
10

6.
41

5.
46

 (2
.8

2 
to

 1
0.

56
)
<0

.0
01

 
La

te
 p

re
te

rm
15

5 
62

6
89

6.
58

5.
27

 (4
.1

7 
to

 6
.6

7)
4.

87
 (3

.8
3 

to
 6

.1
8)

<0
.0

01
59

8.
01

5.
21

 (3
.8

7 
to

 7
.0

1)
<0

.0
01

30
4.

88
4.

33
 (2

.8
9 

to
 6

.5
0)

<0
.0

01
 

Ea
rly

 te
rm

73
7 

41
2

15
2

2.
37

1.
89

 (1
.5

6 
to

 2
.3

0)
1.

78
 (1

.4
7 

to
 2

.1
6)

<0
.0

01
10

0
3.

02
1.

96
 (1

.5
3 

to
 2

.5
0)

<0
.0

01
52

1.
67

1.
51

 (1
.1

0 
to

 2
.0

9)
0.

01
 

Fu
ll 

te
rm

2 
89

5 
74

6
31

7
1.

25
Re

fe
re

nc
e

Re
fe

re
nc

e
19

0
1.

48
Re

fe
re

nc
e

12
7

1.
02

Re
fe

re
nc

e
 

Po
st

-te
rm

34
6 

18
6

41
1.

33
1.

06
 (0

.7
7 

to
 1

.4
7)

1.
15

 (0
.8

3 
to

 1
.5

9)
0.

40
27

1.
62

1.
17

 (0
.7

8 
to

 1
.7

6)
0.

44
14

0.
98

1.
12

 (0
.6

5 
to

 1
.9

6)
0.

68
 

Ea
ch

 a
dd

iti
on

al
 w

ee
k

0.
81

 (0
.7

9 
to

 0
.8

3)
0.

83
 (0

.8
1 

to
 0

.8
5)

<0
.0

01
0.

82
 (0

.8
0 

to
 0

.8
5)

<0
.0

01
0.

83
 (0

.7
9 

to
 0

.8
7)

<0
.0

01
10

-1
9 

ye
ar

s:
 

Pr
et

er
m

14
8 

49
8

86
6.

81
2.

16
 (1

.7
2 

to
 2

.7
1)

1.
97

 (1
.5

7 
to

 2
.4

9)
<0

.0
01

44
6.

36
1.

73
 (1

.2
6 

to
 2

.3
8)

0.
00

1
42

7.
35

2.
33

 (1
.6

7 
to

 3
.2

5)
<0

.0
01

 
Ex

tre
m

el
y p

re
te

rm
32

31
6

24
.1

3
7.

93
 (3

.5
5 

to
 1

7.
73

)
5.

75
 (2

.5
7 

to
 1

2.
88

)
<0

.0
01

4
30

.9
5

6.
84

 (2
.5

4 
to

 1
8.

38
)

<0
.0

01
2

16
.7

5
4.

44
 (1

.1
0 

to
 1

7.
91

)
0.

04
 

Ve
ry

 p
re

te
rm

29
 6

15
19

7.
61

2.
42

 (1
.5

3 
to

 3
.8

3)
2.

10
 (1

.3
3 

to
 3

.3
4)

0.
00

2
6

4.
34

1.
13

 (0
.5

0 
to

 2
.5

5)
0.

77
13

11
.6

4
3.

52
 (2

.0
0 

to
 6

.2
1)

<0
.0

01
 

La
te

 p
re

te
rm

11
5 

65
2

61
6.

17
1.

96
 (1

.5
0 

to
 2

.5
5)

1.
82

 (1
.4

0 
to

 2
.3

8)
<0

.0
01

34
6.

28
1.

74
 (1

.2
2 

to
 2

.4
8)

0.
00

2
27

6.
03

1.
95

 (1
.3

1 
to

 2
.9

1)
0.

00
1

 
Ea

rly
 te

rm
53

9 
74

5
22

7
5.

00
1.

59
 (1

.3
7 

to
 1

.8
6)

1.
49

 (1
.2

8 
to

 1
.7

4)
<0

.0
01

13
0

5.
50

1.
53

 (1
.2

5 
to

 1
.8

8)
<0

.0
01

97
4.

45
1.

44
 (1

.1
4 

to
 1

.8
2)

0.
00

2
 

Fu
ll 

te
rm

2 
15

2 
56

9
57

9
3.

15
Re

fe
re

nc
e

Re
fe

re
nc

e
32

1
3.

44
Re

fe
re

nc
e

25
8

2.
85

Re
fe

re
nc

e
 

Po
st

-te
rm

27
1 

47
9

64
2.

70
0.

85
 (0

.6
6 

to
 1

.1
0)

0.
97

 (0
.7

5 
to

 1
.2

6)
0.

81
37

2.
95

0.
94

 (0
.6

7 
to

 1
.3

2)
0.

71
27

2.
42

1.
02

 (0
.6

8 
to

 1
.5

2)
0.

93
 

Ea
ch

 a
dd

iti
on

al
 w

ee
k

0.
88

 (0
.8

6 
to

 0
.9

1)
0.

90
 (0

.8
8 

to
 0

.9
3)

< 0
.0

01
0.

91
 (0

.8
7 

to
 0

.9
4)

<0
.0

01
0.

89
 (0

.8
6 

to
 0

.9
3)

<0
.0

01
20

-4
3 

ye
ar

s:
 

Pr
et

er
m

10
5 

24
6

17
0

15
.5

3
1.

45
 (1

.2
4 

to
 1

.7
0)

1.
34

 (1
.1

5 
to

 1
.5

7)
<0

.0
01

86
14

.1
4

1.
10

 (0
.8

8 
to

 1
.3

8)
0.

38
84

17
.2

7
1.

73
 (1

.3
8 

to
 2

.1
7)

<0
.0

01
 

Ex
tre

m
el

y p
re

te
rm

18
16

1
6.

44
0.

64
 (0

.0
9 

to
 4

.5
5)

0.
58

 (0
.0

8 
to

 4
.1

1)
0.

58
0

0.
00

NE
NE

1
12

.9
4

1.
31

 (0
.1

8 
to

 9
.3

0)
0.

79
 

Ve
ry

 p
re

te
rm

20
 5

67
38

18
.1

0
1.

70
 (1

.2
3 

to
 2

.3
4)

1.
54

 (1
.1

2 
to

 2
.1

3)
0.

00
8

18
15

.3
1

1.
18

 (0
.7

4 
to

 1
.8

9)
0.

48
20

21
.6

5
2.

14
 (1

.3
7 

to
 3

.3
3)

0.
00

1
 

La
te

 p
re

te
rm

82
 8

63
13

1
15

.0
7

1.
40

 (1
.1

8 
to

 1
.6

8)
1.

31
 (1

.0
9 

to
 1

.5
6)

0.
00

3
68

14
.0

8
1.

10
 (0

.8
6 

to
 1

.4
1)

0.
45

63
16

.3
1

1.
64

 (1
.2

7 
to

 2
.1

3)
<0

.0
01

 
Ea

rly
 te

rm
37

4 
59

6
49

1
12

.9
9

1.
23

 (1
.1

1 
to

 1
.3

6)
1.

15
 (1

.0
4 

to
 1

.2
7)

0.
00

6
30

1
14

.8
8

1.
18

 (1
.0

4 
to

 1
.3

4)
0.

01
19

0
10

.8
1

1.
11

 (0
.9

5 
to

 1
.3

0)
0.

20
 

Fu
ll 

te
rm

1 
53

2 
76

0
17

94
10

.9
3

Re
fe

re
nc

e
Re

fe
re

nc
e

10
34

12
.3

5
Re

fe
re

nc
e

76
0

9.
46

Re
fe

re
nc

e
 

Po
st

-te
rm

20
3 

98
7

26
1

10
.2

6
0.

89
 (0

.7
8 

to
 1

.0
1)

0.
94

 (0
.8

3 
to

 1
.0

8)
0.

39
18

1
13

.8
9

1.
12

 (0
.9

6 
to

 1
.3

2)
0.

15
80

6.
45

0.
69

 (0
.5

5 
to

 0
.8

7)
0.

00
2

 
Ea

ch
 a

dd
iti

on
al

 w
ee

k
0.

94
 (0

.9
2 

to
 0

.9
6)

0.
96

 (0
.9

4 
to

 0
.9

8)
<0

.0
01

0.
99

 (0
.9

6 
to

 1
.0

1)
0.

32
0.

93
 (0

.9
0 

to
 0

.9
5)

<0
.0

01
Pr

et
er

m
=<

37
 w

ee
ks

; e
xt

re
m

el
y p

re
te

rm
=2

2-
27

 w
ee

ks
; v

er
y p

re
te

rm
=2

8-
33

 w
ee

ks
; l

at
e 

pr
et

er
m

=3
4-

36
 w

ee
ks

; e
ar

ly 
te

rm
=3

7-
38

 w
ee

ks
; f

ul
l t

er
m

=3
9-

41
 w

ee
ks

; p
os

t-t
er

m
=≥

42
 w

ee
ks

; N
E=

no
t e

st
im

ab
le

.
*P

er
 1

00
 0

00
 p

er
so

n 
ye

ar
s.

†A
dj

us
te

d 
fo

r c
hi

ld
 c

ha
ra

ct
er

ist
ic

s (
bi

rth
 ye

ar
, s

ex
, b

irt
h 

or
de

r, 
co

ng
en

ita
l a

no
m

al
ie

s)
 a

nd
 m

at
er

na
l c

ha
ra

ct
er

ist
ic

s (
ag

e,
 e

du
ca

tio
n,

 b
od

y m
as

s i
nd

ex
, s

m
ok

in
g,

 p
re

-e
cl

am
ps

ia
, o

th
er

 h
yp

er
te

ns
iv

e 
di

so
rd

er
s,

 d
ia

be
te

s m
el

lit
us

).

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies. 
.

at D
ep

artm
en

t G
E

Z
-L

T
A

 E
rasm

u
sh

o
g

esch
o

o
l

 
o

n
 21 M

ay 2025
 

h
ttp

s://w
w

w
.b

m
j.co

m
/

D
o

w
n

lo
ad

ed
 fro

m
 

1 M
ay 2019. 

10.1136/b
m

j.l1346 o
n

 
B

M
J: first p

u
b

lish
ed

 as 

https://www.bmj.com/


RESEARCH

the bmj | BMJ 2019;365:l1346 | doi: 10.1136/bmj.l1346� 5

associated with nearly twofold and 1.3-fold higher 
risks of CKD, respectively, compared with full term 
birth (adjusted hazard ratio 1.94, 95% confidence 
interval 1.74 to 2.16; P<0.001; and 1.30, 1.20 to 
1.40; P<0.001). Participants born extremely preterm 
had a threefold higher risk of CKD (3.01, 1.67 to 5.45; 
P<0.001). Increased risks were observed among both 
males and females born preterm (eg, males: 1.76, 
1.52 to 2.04; P<0.001; females: 2.21, 1.88 to 2.60; 
P<0.001).

In analyses of narrower age intervals, preterm 
birth was strongly associated with increased risk of 
CKD in early childhood (ages 0-9 years: 5.09, 4.11 
to 6.31; P<0.001). This association weakened but 
remained significantly increased in later childhood 
and adolescence (ages 10-19 years: 1.97, 1.57 to 2.49; 
P<0.001) and adulthood (ages 20-43 years: 1.34, 1.15 
to 1.57; P<0.001). A similar pattern was observed 
among males and females, except that the association 
between preterm birth and risk of CKD in adulthood 
was statistically significant among women only (table 
2). Figure 1 shows the adjusted hazard ratios (fitted by 
cubic spline) for risk of CKD by attained age for different 
gestational age groups. Figure 2 shows a forest plot of 
key findings at ages 0-43 years and 20-43 years.

Interactions
Supplemental table 1 shows the interactions between 
gestational age at birth and sex and risk of CKD. 
Across all ages examined (0-43 years), the background 
incidence of CKD among participants born full term 
was higher for males than for females (5.05 v 3.87 
per 100 000 person years). Males and females born 
preterm, however, had similarly increased incidence 
rates for CKD (9.32 v 9.14 per 100 000 person years) 
that were not significantly different from each other 
(adjusted hazard ratio 1.01, 95% confidence interval 
0.81 to 1.22; P=0.91). A negative multiplicative 
interaction was found between preterm birth and male 
sex (ie, their combined effect on risk of CKD was less 
than the product of their separate effects; P=0.01; 

see supplemental table 1). No additive interaction 
(P=0.26) was found, suggesting that preterm birth 
accounted for a similar number of CKD cases among 
males and females.

Supplemental table 2 shows the interactions 
between gestational age at birth and fetal growth. 
The risk of CKD was highest among participants born 
preterm and small for gestational age (3.08, 2.39 to 
3.96; P<0.001; compared with those born full term 
and appropriate for gestational age). No interaction 
was found between preterm birth and fetal growth 
on the multiplicative scale. A borderline significant 
positive additive interaction (P=0.045) was found, 
however, suggesting that preterm birth might account 
for more CKD cases among those who were also small 
for gestational age.

Co-sibling analyses
Co-sibling analyses to control for unmeasured 
shared familial factors did not result in weaker risk 
estimates; on the contrary, they were strengthened 
by nearly 10% on average (table 3). These findings 
suggest that the associations observed in the 
main analyses were not due to shared genetic or 
environmental factors in families. For example, 
in analyses of the entire age range (0-43 years), 
the adjusted hazard ratio for CKD associated with 
preterm birth was 1.94 (95% confidence interval 
1.74 to 2.16) in the main analysis and 2.37 (1.85 to 
3.03) in the co-sibling analysis. At ages 20-43 years, 
the association between preterm birth and risk of 
CKD was no longer significant (1.38, 0.97 to 1.97; 
P=0.08), reflecting lower statistical power than the 
main analyses; however, this point estimate was 
slightly higher than the corresponding estimate in 
the main analyses (hazard ratio 1.34). Gestational 
age at birth remained significantly inversely 
associated with risk of CKD (adjusted hazard ratio 
for each additional week of gestation, 0.96, 95% 
confidence interval 0.91 to 0.99; P=0.04; table 3).

Secondary analyses
Analyses of end stage renal disease as a secondary 
outcome yielded similar results as for CKD overall. 
Among 4305 participants with a diagnosis of CKD, 
1472 (34.2%) had end stage renal disease. At ages 
0-43 years, adjusted hazard ratios for end stage renal 
disease associated with preterm or early term birth were 
2.09 (95% confidence interval 1.76 to 2.48; P<0.001) 
and 1.44 (1.27 to 1.62; P<0.001), respectively.

In all analyses, further adjustment for fetal growth 
had a negligible effect on any of the risk estimates. 
A strong inverse association remained between 
gestational age at birth and risk of CKD (for example, 
adjusted hazard ratio for each additional week of 
gestation, ages 0-43 years: 0.91, 0.90 to 0.92; P<0.001; 
ages 20-43 years: 0.95, 0.93 to 0.97; P<0.001), and 
increased risks for preterm compared with full term 
births (eg, adjusted hazard ratios, ages 0-43 years: 
1.93, 1.74 to 2.16; P<0.001; ages 20-43 years: 1.35, 
1.15 to 1.58; P<0.001).
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Fig 1 | Adjusted hazard ratios for chronic kidney disease (CKD) by gestational age at 
birth compared with full term birth, Sweden, 1973-2015
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Analyses of other perinatal and maternal 
characteristics identified several other risk factors 
for CKD in addition to preterm birth (table 4). After 
adjustment for all other factors, male sex was associated 
with a 1.3-fold increased risk of CKD compared with 
female sex. Congenital anomalies were associated 
with nearly a 20-fold higher risk, and maternal obesity 
(BMI ≥30) and pre-eclampsia were each associated 
with more than 1.2-fold higher risks. Maternal age, 
education, smoking, other (non-pre-eclamptic) 
hypertensive disorders, and diabetes mellitus during 
pregnancy were not associated with risk of CKD in the 
offspring. Statistical power was limited for assessing 
maternal history of other hypertensive disorders or 
diabetes owing to a small number of cases identified 
(table 4).

Sensitivity analyses were performed after restricting 
to participants born in 1987-2014 (ie, excluding 
earlier birth years when diagnostic codes for CKD 
were unavailable). These participants had follow-
up in childhood or adolescence, but follow-up was 
insufficient to examine risks in adulthood. All risk 
estimates were negligibly affected, and the conclusions 
were unchanged. For example, adjusted hazard ratios 
for CKD associated with preterm birth were 5.19 (95% 
confidence interval 4.15 to 6.50; P<0.001) at ages 0-9 
years and 1.97 (1.52 to 2.56; P<0.001) at ages 10-19 
years.

Discussion
In this large national cohort study, we found a strong 
inverse association between gestational age at birth and 
risk of chronic kidney disease (CKD) from childhood 
into mid-adulthood. After adjustment for other 
perinatal and maternal factors, those born preterm or 
extremely preterm had nearly twofold and threefold 
higher risks, respectively. Furthermore, we found a 
significantly increased risk of CKD even among those 

born at early term (37-38 weeks). These associations 
were strongest in childhood then weakened but 
remained substantially increased in adolescence and 
adulthood. Males and females were similarly affected. 
Importantly, these findings did not seem to be due to 
shared genetic or environmental factors in families but 
rather to direct effects of preterm birth.

Strengths and limitations of this study
A key strength of this study was the ability to examine 
preterm birth in relation to CKD in a large population 
based cohort with follow-up into the fifth decade 
of life, using highly complete birth and medical 
registry data. This study design minimizes potential 
selection or ascertainment biases and provides more 
robust risk estimates. The results were controlled for 
potential perinatal and maternal confounders, as well 
as unmeasured shared familial factors in co-sibling 
analyses. Sweden’s relatively more homogeneous 
population (for example, compared with the US) could 
also improve internal comparability and reduce the 
potential for confounding.

Limitations include the lack of more detailed 
clinical data to validate CKD diagnoses. Administrative 
data have been reported to under-ascertain CKD.28 A 
Swedish study of 1.1 million outpatients reported a 
CKD prevalence of 0.29% in adults aged 18-44 years 
based on serum creatinine measurements,29 which 
was nearly twice that among similarly aged adults 
in the present study based on ICD codes (0.15%). 
However, misclassification of CKD, especially beyond 
childhood, might be expected to be non-differential by 
gestational age at birth and therefore to influence our 
results conservatively (ie, toward the null hypothesis). 
We also lacked diagnoses before 1987 when no specific 
diagnostic codes for CKD existed; however, sensitivity 
analyses restricted to those born in 1987 or later yielded 
nearly identical results. Specific information on CKD 
severity and its underlying causes was not available 
and would be invaluable to assess in future studies 
with access to such data. In addition, gestational age 
at birth was based on maternal report of last menstrual 
period during the 1970s, which is less accurate than 
ultrasound estimation used in subsequent years. 
Finally, despite having up to 43 years of follow-up, this 
was still a relatively young Swedish cohort. Additional 
follow-up to older ages will be needed when such data 
become available, as well as studies in other diverse 
populations.

Comparison with other studies
Some but not all previous studies have linked low birth 
weight (<2500 g) with higher risk of CKD in childhood or 
adulthood; a meta-analysis of 18 such studies reported 
a pooled odds ratio of 1.7 (95% confidence interval 
1.4 to 2.1).9 The largest of these was a Norwegian 
cohort study of 2.2 million births, which reported that 
being small for gestational age was associated with an 
increased risk of end stage renal disease at ages up to 
38 years (hazard ratio 1.5, 95% confidence interval 1.2 
to 1.9).30 In an overlapping Norwegian cohort of 1.8 

Preterm (<37 weeks)

Extremely preterm (22-27 weeks)

Very preterm (28-33 weeks)

Late preterm (34-36 weeks)

Early term (37-38 weeks)

Full term (39-41 weeks)

Post-term (≥42 weeks)

1.94 (1.74 to 2.16)

1.34 (1.15 to 1.57)

3.01 (1.67 to 5.45)

0.58 (0.08 to 4.11)

2.22 (1.79 to 2.75)

1.54 (1.12 to 2.13)

1.84 (1.62 to 2.08)

1.31 (1.09 to 1.56)

1.30 (1.20 to 1.40)

1.15 (1.04 to 1.27)

1.00

1.00

0.98 (0.88 to 1.09)

0.94 (0.83 to 1.08)

0 1 2 4 53 6

Hazard ratio
(95% CI)

Hazard ratio
(95% CI)

0-43

20-43
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20-43
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Fig 2 | Adjusted hazard ratios for chronic kidney disease at ages 0-43 and 20-43 
years by gestational age at birth compared with full term birth, Sweden, 1973-2015. 
Whiskers are 95% confidence intervals
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million births, low birth weight was associated with 
an increased risk of end stage renal disease at ages up 
to 42 years (adjusted hazard ratios 1.6 to 1.8), which 
did not seem to be related to shared familial factors; 
preterm birth was associated with a non-significantly 
increased risk of end stage renal disease (adjusted 
hazard ratio 1.3) but was not examined in narrower 
gestational age groups.15 A nationwide Japanese study 
also suggested that low birth weight or preterm birth 
was associated with increased risk of CKD up to age 
15 years (relative risks >4).31 Our findings from a large 
nationwide cohort show that those born preterm have 
substantially increased risks of CKD that extend into 
mid-adulthood. These risks were much higher early 
in life (fig 1), which could in part be due to continued 
advances in neonatal care that have improved survival 
among smaller, less healthy infants who are more 
vulnerable to the development of CKD.32

Interestingly, in addition to preterm birth, we found 
that early term birth (37-38 weeks) also was associated 
with an increased risk of CKD from childhood into 
adulthood, compared with full term birth (39-41 
weeks) (eg, adjusted hazard ratios, ages 0-43 years: 
1.30, 95% confidence interval 1.20 to 1.40; P<0.001; 
ages 20-43 years: 1.15, 1.04 to 1.27; P=0.006). This 
is noteworthy because nephrogenesis is normally 
completed by 36 weeks of gestation.14 These findings 
suggest the presence of other mechanisms beyond 
nephron endowment by which premature birth 
might affect long term renal function. Early term 
birth is common (17.6% of the present cohort) and 
increasingly has been linked with adverse outcomes 
compared with later term birth. A US study of 13 258 
elective caesarean term deliveries found that more than 
one third were performed at 37-38 weeks, and such 
births were associated with significantly higher risks of 
respiratory complications and other adverse neonatal 
outcomes.33 Early term birth has also been associated 
with increased mortality from various causes in young 
adulthood.34 Studies with additional clinical data on 
early term birth and its underlying causes are needed 
to further elucidate the pathways potentially linking it 
with CKD later in life.

We confirmed several other risk factors for CKD 
in addition to preterm birth, including male sex, 
congenital anomalies, and maternal obesity, which are 
consistent with previous findings.20 35-38 In contrast 
with a previous report,30 we found that maternal 
pre-eclampsia also was associated with an increased 
risk of CKD in the offspring. Maternal pre-eclampsia 
has previously been associated with development 
of hypertension and cardiovascular disease in the 
offspring.39 The potential effects on renal outcomes in 
the offspring have seldom been examined but warrant 
further elucidation in future studies.40

Both preterm birth and low birth weight have been 
associated with impaired nephrogenesis, resulting in 
a lower nephron number that is lifelong.3 4 41 Nephron 
number varies widely in the general population, 
ranging from 200 000 to 2 000 000 for each 
kidney.42 Fetal kidneys develop through “branching Ta
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morphogenesis,” which reaches peak growth during 
the third trimester.43 44 Preterm birth interrupts this 
critical growth process, resulting in a lower nephron 
number as well as a higher percentage of abnormal 
glomeruli.45 46 In addition, potentially nephrotoxic 
drugs commonly used in the treatment of preterm 
infants might impair postnatal nephrogenesis.47 A 
reduced nephron number has been hypothesized 
to lead to glomerular hyperfiltration, sodium 
retention, hypertension, further loss of nephrons, and 
progressive kidney disease due to secondary focal 

segmental glomerulosclerosis.41 This vicious cycle 
of perpetuating renal injury could potentially lead 
to a lifelong increased risk of CKD among those born 
preterm.

Implications
Given the high prevalence of preterm birth (currently 
10% in the US48 and 5-8% in Europe49) and more 
than 95% survival into adulthood, the associations 
we found with CKD have important public health 
implications. As previously reported, there may 

Table 4 | Associations between perinatal or maternal characteristics and risk of chronic kidney disease (CKD) from birth to age 43 years, Sweden, 1973-
2015.

Characteristics
CKD

Unadjusted hazard ratio (95% CI) P value Adjusted† hazard ratio (95% CI) P valueCases Incidence*
Child characteristics
Gestational age at birth:
  Preterm 379 9.24 2.12 (1.90 to 2.36) <0.001 1.94 (1.74 to 2.16) <0.001
  Extremely preterm 11 13.33 3.77 (2.08 to 6.81) <0.001 3.01 (1.67 to 5.45) <0.001
  Very preterm 87 10.74 2.51 (2.02 to 3.10) <0.001 2.22 (1.79 to 2.75) <0.001
  Late preterm 281 8.76 1.99 (1.76 to 2.25) <0.001 1.84 (1.62 to 2.08) <0.001
  Early term 870 5.90 1.39 (1.29 to 1.50) <0.001 1.30 (1.20 to 1.40) <0.001
  Term 2690 4.47 Reference Reference
  Post-term 366 4.57 0.90 (0.81 to 1.01) 0.07 0.98 (0.88 to 1.09) 0.68
Sex:
  Male 2531 5.65 1.34 (1.26 to 1.42) <0.001 1.32 (1.25 to 1.41) <0.001
  Female 1774 4.20 Reference Reference
Birth order:
  1 1759 4.79 Reference Reference
  2 1629 5.09 1.05 (0.99 to 1.13) 0.13 1.08 (1.00 to 1.15) 0.05
  ≥3 917 5.03 1.07 (0.99 to 1.16) 0.09 1.04 (0.95 to 1.14) 0.40
Congenital anomalies:
  Yes 116 97.89 18.55 (15.42 to 22.31) <0.001 19.02 (15.80 to 22.90) <0.001
  No 4189 4.82 Reference Reference
Maternal characteristics
Age (years):
  <20 197 5.85 1.00 (0.86 to 1.16) 0.98 1.13 (0.97 to 1.32) 0.12
  20-24 1041 5.10 0.96 (0.89 to 1.04) 0.29 1.02 (0.94 to 1.11) 0.64
  25-29 1539 4.86 Reference Reference
  30-34 1059 4.84 1.12 (1.04 to 1.22) 0.003 1.01 (0.94 to 1.10) 0.74
  35-39 396 4.83 1.22 (1.09 to 1.36) <0.001 0.99 (0.89 to 1.12) 0.92
  ≥40 73 4.91 1.28 (1.01 to 1.62) 0.04 0.95 (0.75 to 1.20) 0.65
Education (years):
  <10 735 5.69 0.98 (0.90 to 1.06) 0.60 1.05 (0.96 to 1.15) 0.28
  10-12 2114 5.03 Reference Reference
  >12 1456 4.54 1.01 (0.94 to 1.07) 0.88 0.98 (0.91 to 1.05) 0.50
Body mass index:
  <18.5 83 4.33 1.19 (0.96 to 1.48) 0.12 0.93 (0.74 to 1.15) 0.49
  18.5-24.9 3716 4.96 Reference Reference
  25.0-29.9 372 4.88 1.88 (1.69 to 2.10) <0.001 1.16 (1.03 to 1.30) 0.01
  ≥30.0 134 5.32 2.32 (1.95 to 2.77) <0.001 1.26 (1.06 to 1.51) 0.01
Smoking (cigarettes/day):
  0 2687 4.89 Reference Reference
  1-9 1433 5.07 0.91 (0.81 to 1.02) 0.12 1.01 (0.90 to 1.14) 0.84
  ≥10 185 4.96 0.85 (0.73 to 0.99) 0.03 0.95 (0.82 to 1.11) 0.54
Pre-eclampsia:
  Yes 308 7.13 1.21 (1.08 to 1.36) 0.001 1.29 (1.15 to 1.45) <0.001
  No 3997 4.83 Reference Reference
Other hypertensive disorders:
  Yes 30 5.16 1.65 (1.15 to 2.36) 0.007 1.09 (0.76 to 1.56) 0.64
  No 4275 4.95 Reference Reference
Diabetes mellitus:
  Yes 30 6.49 1.62 (1.13 to 2.33) 0.008 1.12 (0.78 to 1.61) 0.53
  No 4275 4.94 Reference Reference
Preterm=<37 weeks; extremely preterm=22-27 weeks; very preterm=28-33 weeks; late preterm=34-36 weeks; early term=37-38 weeks; full term=39-41 weeks; post-term=≥42 weeks.
*Incidence rate per 100 000 person years.
†Adjusted for birth year and all other variables included in table.
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already be a silent epidemic of CKD among those who 
were born preterm.50 CKD is often under-recognized51 
but has an estimated prevalence of 5-10% in general 
adult populations,52 53 which might be substantially 
higher among those born prematurely. Our findings 
underscore the importance of public health strategies 
to prevent preterm birth, including better access to 
preconception and prenatal care for high risk women, 
and reduction of non-medically indicated deliveries 
before full term.54

Children and adults who were born preterm need 
long term follow-up and early preventive actions to help 
preserve renal function (box 1). Medical records and 
history taking for patients of all ages should routinely 
include birth history to help trigger preventive actions 
in those born prematurely.55-57 Such interventions 
should include patient counseling on avoidance of 
potentially nephrotoxic exposures (eg, non-steroidal 
anti-inflammatory drugs), and control of other known 
risk factors for progression of kidney disease, including 
obesity, hypertension, diabetes, dyslipidemia, anemia, 
and smoking.58 Hypertension is a strong risk factor 
for the development of CKD, and effective blood 
pressure control has been shown to slow disease 
progression.58 Periodic monitoring of renal function 
with serum creatinine, cystatin C, or urine albumin 
has been recommended based on individualized risk 
assessment, including degree of prematurity, history 
of acute kidney injury, and structural abnormalities on 
renal ultrasonography.50 59 Kidney donation by people 
with a low nephron number might result in accelerated 
loss of function in the remaining kidney and is therefore 
strongly cautioned against, or contraindicated if other 
risk factors for CKD exist.59

Conclusions
This large cohort study provides population based risk 
estimates for CKD into mid-adulthood associated with 
gestational age at birth. We found that preterm and 
early term birth are strong independent risk factors 
for the development of CKD from childhood into 
mid-adulthood. People born prematurely need long 
term follow-up for monitoring and preventive actions 
to preserve renal function across the life course. 
Additional studies will be needed to assess these risks 

in later adulthood when such data become available, 
and to further elucidate the underlying causes and 
clinical course of CKD in those born prematurely.
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