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IMPORTANCE Concerns about the cardiovascular safety of recombinant human growth
hormone (rhGH) treatment in childhood have recently been raised; however, long-term
studies are limited.

OBJECTIVE To investigate the long-term risk of overall and severe cardiovascular events in
patients previously treated with rhGH in childhood and whether there is an association with
treatment duration or dose.

DESIGN, SETTING, AND PARTICIPANTS This nationwide population-based cohort study included
patients treated with rhGH during childhood from January 1, 1985, to December 31, 2010, in
Sweden, with follow-up through December 31, 2014. Included patients were treated with
rhGH owing to isolated growth hormone deficiency (GHD), small for gestational age (SGA),
and idiopathic short stature (ISS). For each patient, 15 age-, sex-, and region-based matched
control individuals were randomly selected from the general population as a comparison
group. Data on cardiovascular outcomes and covariates including gestational age, birth
weight, birth length, socioeconomic status, and height were obtained through linkage with
several health care and population-based registers. Data were analyzed from January 1, 1985,
to December 31, 2014.

EXPOSURES Treatment with rhGH during childhood and adolescence (aged 0-18 years).

MAIN OUTCOMES AND MEASURES The primary outcome was the first cardiovascular event
recorded after the start of follow-up, and the secondary outcome was the first severe
cardiovascular event.

RESULTS A total of 53 444 individuals (3408 patients and 50 036 controls; 67.7% men; mean
[SD] age at study end, 25.1 [8.2] years) were followed up for as long as 25 years (median
follow-up, 14.9 [range, 0-25] years; total, 795 125 person-years). Among 1809 recorded
cardiovascular events, the crude incidence rates were 25.6 events per 10 000 person-years
for patients and 22.6 events per 10 000 person-years for controls. The adjusted hazard ratio
(HR) for all cardiovascular events was higher in patients compared with controls (HR, 1.69;
95% CI, 1.30-2.19), especially for women (HR, 2.05; 95% CI, 1.31-3.20) compared with men
(HR, 1.55; 95% CI, 1.12-2.13). All subgroups had increased HRs (SGA, 1.97 [95% CI, 1.28-3.04];
GHD, 1.66 [95% CI, 1.21-2.26]; and ISS, 1.55 [95% CI, 1.01-2.37]). Longer duration of rhGH
treatment (HR, 2.08; 95% CI, 1.35-3.20) and total cumulative dose (HR, 2.05; 95% CI,
1.18-3.55) were associated with higher risk for overall cardiovascular disease. The adjusted HR
for severe cardiovascular disease was 2.27 (95% CI, 1.01-5.12).

CONCLUSIONS AND RELEVANCE In this cohort study, treatment with rhGH during childhood
due to GHD, SGA, or ISS was associated with increased risks of cardiovascular events in early
adulthood, particularly in women; however, conclusions of causality are still limited and the
absolute risk remains low.
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T reatment with recombinant human growth hormone
(rhGH) has been in clinical use since 1985, with treat-
ment indications now extending beyond growth hor-

mone deficiency (GHD) to include an increasing number of con-
ditions in which childhood short stature is not primarily due
to deficient endogenous growth hormone secretion, such as
small for gestational age (SGA) without catch-up growth or id-
iopathic short stature (ISS).1 Apart from regulating linear growth
during childhood, growth hormone and its prime mediator, in-
sulinlike growth factor 1, have several effects on the metabo-
lism of fat, protein, and carbohydrates2 as well as on the car-
diovascular system.3,4 Moreover, both excess levels of growth
hormone and GHD have been associated with increased car-
diovascular morbidity and mortality.5-7

The overall safety profile of rhGH treatment has been
considered favorable, as reported in several reviews and
consensus statements.8-12 The data underlying these conclu-
sions, however, are predominantly from postmarketing sur-
veillance studies with limitations such as incomplete enroll-
ment and outcome ascertainment, limited information on
potential confounders, and suboptimal comparison groups.13-15

In addition, the patients were mostly followed up during their
ongoing treatment, which precludes the possibility of deter-
mining the long-term safety profile and discovering events ap-
pearing later in life.

Concerns regarding long-term safety were raised in 2012
by a study of a French cohort of children treated previously
with rhGH for GHD, SGA, and ISS,16 in which increased risks
of overall cardiovascular mortality were reported; subse-
quent follow-up reported increased risk of cerebrovascular
morbidity.17 However, owing to several methodological
limitations,18-20 robust long-term studies are needed.10,21,22 As
previously assessed for mortality,23 our present study aimed
to further address these limitations and investigate long-
term cardiovascular morbidity, such as ischemic heart dis-
ease, stroke, cardiomyopathy, and aneurysms, in patients
with GHD, ISS, and SGA who were treated with rhGH during
childhood.

Methods
Study Design and Setting
We conducted a nationwide register-based cohort study of
cardiovascular events in Swedish patients treated with rhGH
during childhood from January 1, 1985, to December 31, 2010.
Prospectively collected data on outcomes from January 1, 1985,
to December 31, 2014, and covariates of interest were re-
trieved through data linkage from Swedish national health and
population registers. This study was approved by the Re-
gional Ethics Review Board in Stockholm, which waived the
need for informed consent for the use of registry data. This
study followed the Strengthening the Reporting of Observa-
tional Studies in Epidemiology (STROBE) reporting guideline.

Study Population
The patients originated from the Swedish National GH Regis-
ter for Children and from clinical rhGH trials to form the joint

GH-SAFETY cohort, as described previously (eMethods in the
Supplement).23 For each patient, 15 control individuals
matched for sex, birth year, and geographical region (county)
were randomly selected by Statistics Sweden from the Swed-
ish Total Population Register.24 The coverage of the register
is essentially complete for the entire Swedish population, and
linkage of individual information from the various registers was
performed through the individuals’ unique personal identity
numbers.25 Information from the Swedish National Patient Reg-
ister was also used to exclude severe diagnoses or congenital
syndromes for both patients and their matched controls
(eTable 1 in the Supplement and the Figure).

Study Outcomes
The primary outcome was the first cardiovascular event re-
corded after the start of follow-up (start of rhGH treatment or
corresponding date for matched controls). Outcome informa-
tion about cardiovascular disease (CVD) was obtained from the
Swedish National Patient Register and the Swedish Cause of
Death Register, both with high coverage rates (eMethods in the
Supplement) and defined according to codes in the Interna-
tional Classification of Diseases, Eighth Revision, Interna-
tional Classification of Diseases, Ninth Revision, or Interna-
tional Statistical Classification of Diseases and Related Health
Problems, Tenth Revision (ICD-10). The secondary outcome was
the first occurrence of a severe cardiovascular event, includ-
ing aneurysms, ischemic heart disease, cardiomyopathy, heart
failure, and cerebrovascular diseases. The specific codes for
all CVD (most of chapter 9 in ICD-10) and severe CVD are listed
in eTable 2 in the Supplement.

Primary Exposure
Growth hormone treatment variables, including mean dose,
duration of treatment, and cumulative dose, were collected
from the GH-SAFETY database. Information on adult treat-
ment of rhGH was collected from the Swedish Prescribed Drug
Register.26

Covariates
Information on birth characteristics was collected from the
Swedish Medical Birth Register, which includes information

Key Points
Question Is childhood growth hormone treatment associated
with an increased long-term risk of cardiovascular morbidity?

Findings In this nationwide population-based cohort study of
3408 patients treated with growth hormone in childhood and
followed up for 25 years, risk of cardiovascular events later in life
was increased compared with 50 036 age-, sex-, and
region-matched control individuals adjusted for possible
confounders. Longer duration of treatment and higher cumulative
dose further increased this risk.

Meaning These findings suggest that childhood growth hormone
treatment is associated with an increased risk of cardiovascular
events in early adulthood, although conclusions of causality are
limited and the absolute risks are low.
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on more than 98% of all births in Sweden since 1973.27 Socio-
economic data were obtained from the Swedish Income and
Taxation Register as well as from the Swedish Register of Edu-
cation. Through the Swedish Multi-Generation Register, it was
possible to link socioeconomic data of the parents for each pa-
tient and control. The total household income at the year of
study inclusion was calculated. Parental educational level was
defined as the highest educational level achieved by either par-
ent (eMethods in the Supplement).

Information about height at the start of the study was ob-
tained from several sources. For patients, it was collected from
the GH-SAFETY database. For controls, height data were
obtained from the Swedish Passport Register, the Swedish
Military Conscription Register, and the Swedish Medical Birth
Register (height of mothers). A total of 207 091 height mea-
surements were available, with a median of 4 (range, 1-14) mea-
surements per control.

Statistical Analysis
Data were analyzed from January 1, 1985, to December 31,
2014. Descriptive statistics were calculated for patients and
controls. The crude incidence rates of CVD events were cal-
culated for each subgroup of baseline characteristics and
presented as events per 10 000 person-years with 95% CIs.
The proportions of events within each International Classifi-
cation of Diseases category of CVD events between the
patients and controls were tested with Fisher exact tests.

The primary and secondary outcomes of time to first
CVD event (all and severe) were analyzed with Cox propor-
tional hazard regressions and are presented as crude hazard
ratios (HRs) and adjusted HRs from restricted and full mod-
els. The full model included sex, birth length, birth weight,

gestational age, age and height at study start, and parental
educational level and income. The restricted model in-
cluded only sex, age, and height at study start. After adjust-
ing for sex, stratified analyses by sex were also performed.
The SEs were estimated with the cluster sandwich estimator
taking the within-matched-group dependence into account.
The proportional hazard assumption was tested using
Schoenfeld residuals and visual inspection of the estimated
hazard functions. No significant violations were observed.
The time to first CVD event (all or severe) was calculated
from the date of study inclusion (start of rhGH treatment for
the patients and corresponding date for each patient’s
matched control) until the date of first CVD event (all or
severe), death, loss to follow-up (eg, emigration), or end of
study (December 31, 2014). All participants, including those
with a prior nonsevere CVD, contributed to the analysis of
time to first severe CVD event. All HRs are presented with
95% CIs.

The estimation of height at study start for the control
group was performed using a mixed-effects model based
on multiple height measurements of each control
(eMethods in the Supplement). All continuous variables
were treated as such in the analyses except for family
income level, which was categorized in quintiles as
described in the eMethods in the Supplement, and parental
educational level, which was coded and thus treated as an
ordinal variable. A sensitivity analysis on a subset of
patients and controls more similar in height at study start
was also performed (eTables 5 and 6 in the Supplement). A
2-sided P < .05 was considered statistically significant. All
analyses were performed using Stata statistical software,
version 14.2 (StataCorp LLC).

Figure. Flowchart of Study Inclusion

6804 All Swedish rhGH-treated patients from 1985-2010
(Swedish National GH Register + clinical trials)

102 060 Controls (15:1)
Matched on sex, birthdate, county

3049 Excluded step 1
2888 Severe diagnosis as indication

for rhGH treatment

4 Start of rhGH treatment at >18 y

78 Previous pituitary
growth hormone treatment

79 Other hormone treatment
indicating MPHD

347 Excluded step 2
346 Severe diagnosis or congenital

syndromes detected in the
Swedish National Patient Register
or Swedish National GH Register

1 Invalid or missing data

3755 Patients 56 325 Controls

45 735 Excluded
45 735 Controls to excluded

patients in step 1

53 444 Participants in final cohort
3408 Patients

50 036 Matched controls

6289 Excluded
1181 Previous severe diagnosis or

congenital syndromes in the
Swedish National Patient Register
or prescription of rhGH in the
Swedish National GH Register

5086 Control to excluded patients
in step 2

22 Invalid or missing data

MPHD indicates multiple pituitary
hormone deficiency;
rhGH, recombinant human growth
hormone.
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Results

A total of 6804 rhGH-treated patients and 102 060 matched
controls were identified, and after the predefined exclusions,
the final study population included 53 444 individuals (3408
patients and 50 036 controls; 67.7% men and 32.3% women)
(Figure). Mean (SD) age at the start of rhGH treatment was 9.3
(3.2) years for patients, corresponding to 9.4 (3.2) years for con-
trols. The baseline characteristics of the patients and controls

are presented in Table 1, with missing values described in
eTable 4 in the Supplement.

The median follow-up time was 14.9 (range, 0-25) years,
the mean (SD) age at study end was 25.1 (8.2) years, and the
total time at risk of an event was 795 125 person-years. During
the follow-up, a total of 1809 CVD events were recorded, with
crude incidence rates of 25.6 (95% CI, 21.6-30.4) events per
10 000 person-years among the patients and 22.6 (95% CI, 21.5-
23.7) events per 10 000 person-years among the controls
(Table 2). The rate was higher in female patients (31.2 [95% CI,

Table 1. Baseline Characteristics of Study Cohorta

Characteristic

Study group, No. (%) of participants (n = 53 444)

SMDPatients (n = 3408) Controls (n = 50 036)

Sex

Male 2305 (67.6) 33 861 (67.7)
<0.001

Female 1103 (32.4) 16 175 (32.3)

Gestational age, wk

<37 458 (14.6) 2596 (5.7)

0.3037-41 2475 (79.0) 39 097 (86.1)

≥42 199 (6.4) 3721 (8.2)

Birth length SDSb

SGA (<–2) 1075 (35.1) 3263 (7.3)

0.76AGA (–2 to <2) 1969 (64.3) 39 643 (88.3)

LGA (≥2) 18 (0.6) 1966 (4.4)

Birth weight SDSb

SGA (<–2) 662 (21.2) 1884 (4.2)

0.55AGA (–2 to <2) 2441 (78.2) 42 299 (93.5)

LGA (≥2) 19 (0.6) 1062 (2.3)

Age at study start, y

0-4 369 (10.8) 5517 (11.0)

0.02
5-9 1501 (44.0) 21 750 (43.5)

10-14 1433 (42.0) 21 109 (42.2)

≥15 105 (3.1) 1660 (3.3)

Height at study start, cm

<100 446 (13.8) 1195 (2.5)

0.93100-149 2698 (83.6) 30 984 (64.8)

≥150 84 (2.6) 15 600 (32.7)

Family income levelc

1 627 (18.5) 9942 (20.0)

0.07

2 638 (18.8) 9816 (19.7)

3 679 (20.0) 9963 (20.0)

4 660 (19.4) 10 013 (20.1)

5 792 (23.3) 10 051 (20.2)

Parental educational leveld

1 50 (1.5) 929 (1.9)

0.06

2 149 (4.4) 2077 (4.2)

3 864 (25.4) 13 228 (26.5)

4 600 (17.6) 9274 (18.6)

5 576 (16.9) 8872 (17.8)

6 1059 (31.1) 14 229 (28.5)

7 108 (3.2) 1273 (2.6)

Abbreviations: AGA, appropriate for
gestational age; LGA, large for
gestational age; SDS, standard
deviation score; SGA, small for
gestational age; SMD, standardized
mean difference.
a Percentages have been rounded

and may not total 100. Percentage
of missing values for each baseline
characteristic is given in eTable 4 in
the Supplement.

b Reference for calculation is given in
the eMethods in the Supplement.

c For quintiles of total disposable
income within the family household
at study inclusion, 1 indicates lowest
and 5 the highest family income
quintiles.

d Reported as highest achievable
educational level for parents
collected from the Swedish Register
of Education; 1 indicates primary
school less than 9 years; 2, primary
school for 9 years; 3, secondary
school for 2 years or less;
4, secondary school for more than 2
years; 5, higher education of less
than 3 years; 6, higher education of
3 or more years; and
7, postgraduate/doctoral studies.
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Table 2. Number of Events, Person-Years, and Incidence Rates for Overall Cardiovascular Events

Characteristic

Study group (n = 53 444)

Patients (n = 3408) Controls (n = 50 036)

No. of events Person-years Incidence rate (95% CI)a No. of events Person-years Incidence rate (95% CI)a

Total cohort 130 50 702 25.6 (21.6-30.4) 1679 744 423 22.6 (21.5-23.7)

Male 83 35 618 23.3 (18.8-28.9) 1165 523 333 22.3 (21.0-23.6)

Female 47 15 084 31.2 (23.4-41.5) 514 221 090 23.2 (21.3-25.3)

Gestational age, wk

<37 15 6085 24.7 (14.9-40.9) 103 37 927 27.2 (22.4-32.9)

37-41 97 37 597 25.8 (21.1-31.5) 1272 583 212 21.8 (20.6-23.0)

≥42 8 3154 25.4 (12.7-50.7) 139 58 035 24.0 (20.3-28.3)

Birth length SDSb

SGA (<−2) 53 16 216 32.7 (25.0-42.8) 122 51 405 23.7 (19.9-28.3)

AGA (−2 to <2) 63 29 441 21.4 (16.7-27.4) 1297 59 1219 21.9 (20.8-23.2)

LGA (≥2) 1 275 36.4 (5.1-258.2) 79 29 649 26.6 (21.4-33.2)

Birth weight SDSb

SGA (<−2) 27 9973 27.1 (18.6-39.5) 72 30 261 23.8 (18.9-30.0)

AGA (−2 to <2) 93 36 432 25.5 (20.8-31.3) 1400 631 209 22.2 (21.0-23.4)

LGA (≥2) 0 269 NA 38 15 266 24.9 (18.1-34.2)

Age at study start, y

0-4 8 4905 16.3 (8.2-32.6) 114 73 251 15.6 (13.0-18.7)

5-9 52 20 650 25.2 (19.2-33.0) 586 299 076 19.6 (18.1-21.2)

10-14 68 23 190 29.3 (23.1-37.2) 885 342 103 25.9 (24.2-27.6)

≥15 2 1956 10.2 (2.6-40.9) 94 29 993 31.3 (25.6-38.4)

Height at study start, cm

<100 12 6236 19.2 (10.9-33.9) 25 17 839 14.0 (9.5-20.7)

100-149 114 41 464 27.5 (22.9-33.0) 885 441 444 20.0 (18.8-21.4)

≥150 3 1494 20.1 (6.5-62.3) 727 263 088 27.6 (25.7-29.7)

Family income levelc

1 23 9336 24.6 (16.4-37.1) 319 143 688 22.2 (19.9-24.8)

2 24 9552 25.1 (16.8-37.5) 323 147 153 22.0 (19.7-24.5)

3 31 9995 31.0 (21.8-44.1) 365 148 589 24.6 (22.2-27.2)

4 27 10 102 26.7 (18.3-39.0) 347 151 304 22.9 (20.6-25.5)

5 25 11 610 21.5 (14.6-31.9) 320 151 739 21.1 (18.9-23.5)

Parental educational leveld

1 3 934 32.0 (10.3-99.3) 42 16 834 24.9 (18.4-33.8)

2 14 2528 55.4 (32.8-93.5) 103 34 405 29.9 (24.7-36.3)

3 46 14 087 32.7 (24.5-43.6) 519 213 317 24.3 (22.3-26.5)

4 16 8358 19.1 (11.7-31.2) 289 130 480 22.1 (19.7-24.9)

5 22 8616 25.5 (16.8-38.8) 276 129 943 21.2 (18.9-23.9)

6 26 14 553 17.9 (12.2-26.2) 410 199 911 20.5 (18.6-22.6)

7 3 1593 18.8 (6.1-58.4) 36 18 383 19.6 (14.1-27.1)

Treatment indication
subgroups

SGA (n = 672) 27 9559 28.2 (19.4-41.2) NA NA NA

GHD (n = 1837) 76 28 449 26.7 (21.3-33.4) NA NA NA

ISS (n = 899) 27 12 694 21.3 (14.6-31.0) NA NA NA

Abbreviations: AGA, appropriate for gestational age; GHD, growth hormone
deficiency; ISS, idiopathic short stature; LGA, large for gestational age;
NA, not applicable; SDS, standard deviation score; SGA, small for gestational age.
a Calculated as number of events per 10 000 person-years.
b Reference for calculation is given in the eMethods in the Supplement.
c For quintiles of total disposable income within the family household at study

inclusion, 1 indicates lowest and 5 the highest family income quintiles.

d Reported as highest achievable educational level for parents collected from
the Swedish Register of Education; 1 indicates primary school less than
9 years; 2, primary school for 9 years; 3, secondary school for 2 years or less;
4, secondary school for more than 2 years; 5, higher education of less than
3 years; 6, higher education of 3 or more years; and 7, postgraduate/doctoral
studies.
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23.4-41.5] events/10 000 person-years) than in female con-
trols (23.2 [95% CI, 21.3-25.3] events/10 000 person-years), but
incidence rates were similar between male patients (23.3 [95%
CI, 18.8-28.9] events/10 000 person-years) and male controls
(22.3 [95% CI, 21.0-23.6] events/10 000 person-years). The
crude incidence rates for all subgroups of baseline character-
istics are presented in Table 2.

The main analysis of time to first CVD event revealed a
crude HR of 1.13 (95% CI, 0.95-1.36), which increased in the re-
stricted model (HR, 1.58; 95% CI, 1.23-2.01) and in the full model
(HR, 1.69; 95% CI, 1.30-2.19), especially in female patients
(HR, 2.05; 95% CI, 1.31-3.20) compared with male patients (HR,
1.55; 95% CI, 1.12-2.13) (Table 3). In subgroups of patients, in-
creased HRs were most evident in the SGA group (HR, 1.97;

95% CI, 1.28-3.04) but were also seen in GHD, defined as
stimulated growth hormone levels of less than 10 ng/mL (to
convert to micrograms per liter, multiply by 1) (HR, 1.66; 95%
CI, 1.21-2.26), and ISS (HR, 1.55; 95% CI, 1.01-2.37). The HRs
for the patients with GHD and stimulated growth hormone
levels of 0 to 4 and 5 to 9 ng/mL were 1.79 (95% CI, 1.12-2.87)
and 1.60 (95% CI, 1.12-2.28), respectively. In the patient
group, 15 of 130 events (11.5%) occurred during ongoing
childhood rhGH treatment. The Kaplan-Meier curve of the
overall CVD events during the follow-up period in the
patients and controls, and separated by sex, is presented in
the eFigure in the Supplement.

A longer duration of treatment and the highest cumula-
tive dose were also associated with an increased HR (Table 3).

Table 3. Crude and Adjusted HRs for All Cardiovascular Events Between Patients and Matched Controls

Characteristic
No. of
patients

HR (95% CI)

Crude
Adjusted simple
modela Adjusted full modelb

All patients 3408 1.13 (0.95-1.36) 1.58 (1.23-2.01) 1.69 (1.30-2.19)

Male 2305 1.04 (0.84-1.30) 1.39 (1.03-1.89) 1.55 (1.12-2.13)

Female 1103 1.34 (0.99-1.81) 2.05 (1.36-3.08) 2.05 (1.31-3.20)

Patients with SGA 672 1.27 (0.87-1.85) 1.84 (1.21-2.80) 1.97 (1.28-3.04)

Male 423 1.14 (0.70-1.88) 1.60 (0.93-2.77) 1.78 (1.02-3.09)

Female 249 1.47 (0.81-2.68) 2.40 (1.24-4.63) 2.39 (1.17-4.88)

Patients with GHD 1837 1.16 (0.92-1.46) 1.60 (1.19-2.13) 1.66 (1.21-2.26)

Male 1312 1.07 (0.81-1.42) 1.41 (0.99-2.01) 1.55 (1.06-2.25)

Female 525 1.38 (0.92-2.07) 2.10 (1.28-3.47) 1.94 (1.11-3.39)

Patients with GHD (maximum growth
hormone level, 0-4 ng/mL)c

485 1.28 (0.86-1.90) 1.77 (1.15-2.73) 1.79 (1.12-2.87)

Male 349 1.13 (0.69-1.85) 1.51 (0.88-2.58) 1.64 (0.92-2.92)

Female 136 1.70 (0.87-3.32) 2.52 (1.22-5.21) 2.16 (0.94-4.94)

Patients with GHD (maximum growth
hormone level, 5-9 ng/mL)c

1352 1.11 (0.84-1.47) 1.52 (1.09-2.12) 1.60 (1.12-2.28)

Male 963 1.05 (0.74-1.48) 1.37 (0.91-2.05) 1.51 (0.98-2.31)

Female 389 1.26 (0.77-2.06) 1.94 (1.09-3.44) 1.84 (0.97-3.47)

Patients with ISS 899 0.97 (0.67-1.42) 1.34 (0.89-2.01) 1.55 (1.01-2.37)

Male 570 0.90 (0.56-1.45) 1.20 (0.72-2.01) 1.38 (0.81-2.35)

Female 329 1.13 (0.61-2.12) 1.69 (0.87-3.28) 2.00 (1.00-4.02)

Duration of treatment, yd

0-2 925 0.71 (0.43-1.18) 0.98 (0.57-1.69) 1.05 (0.59-1.88)

3-6 1522 0.99 (0.74-1.32) 1.35 (0.95-1.91) 1.58 (1.10-2.28)

≥7 961 1.45 (1.01-2.08) 1.94 (1.29-2.93) 2.08 (1.35-3.20)

P value for trend NA .02 .01 .01

Mean growth hormone dose,
μg/kg/dd

0-29 402 1.10 (0.53-2.31) 1.49 (0.70-3.19) 1.76 (0.82-3.77)

30-39 2383 1.09 (0.85-1.40) 1.50 (1.10-2.05) 1.64 (1.18-2.28)

40-49 337 0.73 (0.36-1.47) 0.99 (0.48-2.05) 1.25 (0.60-2.59)

≥50 279 0.94 (0.50-1.75) 1.28 (0.68-2.47) 1.51 (0.79-2.91)

P value for trend NA .55 .47 .51

Cumulative dose, mgd

0-1499 1015 0.86 (0.54-1.37) 1.16 (0.70-1.90) 1.34 (0.80-2.25)

1500-2999 954 1.20 (0.85-1.69) 1.64 (1.11-2.42) 1.76 (1.16-2.68)

3000-4499 902 0.85 (0.56-1.28) 1.16 (0.73-1.84) 1.36 (0.84-2.18)

≥4500 381 1.35 (0.82-2.21) 1.86 (1.10-3.16) 2.05 (1.18-3.55)

P value for trend NA .43 .25 .24

Abbreviations: GHD, growth
hormone deficiency; HR, hazard
ratio; ISS, idiopathic short stature;
SGA, small for gestational age.

SI conversion factor: To convert
growth hormone to μg/L, multiply by 1.
a Adjusted only for age at start, height

at start, and sex (if not stratified for
sex).

b Adjusted for gestational age, birth
length, birth weight, age at start,
height at start, parental educational
level, family income, and sex (if not
stratified for sex).

c Maximum indicates growth
hormone peak level on either
provocation test (mainly
arginine-insulin tolerance test) or
during spontaneous 12- or 24-hour
growth hormone secretion profiles.

d Analysis with 2-year lag-period after
end of treatment to avoid reversed
causality (protopathic bias).
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We observed a significant increase in risk with increasing treat-
ment duration (P = .01 for trend) but not with cumulative dose
(P = .24 for trend). The highest adjusted HRs were seen in the
subgroups with the longest duration (2.08; 95% CI, 1.35-3.20)
and highest cumulative dose (2.05; 95% CI, 1.18-3.55). No as-
sociation between higher mean daily dose and increased HR
was found.

A total of 167 first severe CVD events were recorded dur-
ing the follow-up period, with crude incidence rates of 3.48
(95% CI, 2.19-5.52) events per 10 000 person-years among pa-
tients and 1.97 (95% CI, 1.68-2.32) events per 10 000 person-
years among controls (Table 4). The patients had an in-
creased hazard compared with that in the controls in both the
crude (HR, 1.75; 95% CI, 1.08-2.87) and full (HR, 2.27; 95% CI,
1.01-5.12) models, but differences did not reach significance
in the restricted model (HR, 1.56; 95% CI, 0.73-3.34). The ad-
justed HRs (full model) were 1.92 (95% CI, 0.72-5.11) and 3.68
(95% CI, 0.84-16.08) for male and female patients, respec-
tively (Table 4).

The sensitivity analysis, which retained controls more simi-
lar in height at study start, found similar results as our overall
analysis (eTable 6 in the Supplement). For overall CVD, the
crude HR was 1.66 (95% CI, 1.07-2.58), with adjusted HRs of
1.42 (95% CI, 0.88-2.31) in the restricted model and 1.56 (95%
CI, 0.89-2.71) in the full model. For severe CVD, crude HR was
3.21 (95% CI, 1.04-9.95), with adjusted HRs of 2.13 (95% CI,
0.67-6.81) in the restricted model and 4.33 (95% CI, 0.81-
23.25) in the full model (eTable 6 in the Supplement). The
point estimates for the HRs were similar to those in our
main analysis, but the 95% CIs were wider owing to less sta-
tistical power with fewer controls and patients retained in
this analysis.

The 3 most common overall CVD groups were unspeci-
fied diseases of the circulatory system, arrhythmias, and hy-
pertensive disease; for severe CVD, they were ischemic heart
disease, cardiomyopathy, and stroke (eTable 2 in the Supple-
ment). All numbers of events for the patients and controls
within each subcategory of cardiovascular event are pre-
sented in eTable 2 in the Supplement together with a com-
parison of proportions using Fisher exact tests.

Discussion

This nationwide population-based cohort study, with 25 years
of follow-up, found that treatment with rhGH for GHD, SGA,
or ISS during childhood was associated with an increased risk
of CVD events. The association was most clearly seen in women
and patients treated for SGA, but with overlapping 95% CIs with
the other subgroups. Although the absolute risk of a CVD event
was relatively low in patients and controls, a longer duration
of rhGH treatment and the highest cumulative dose in child-
hood were associated with the highest CVD risk. The associa-
tion between childhood rhGH treatment and CVD events was
also seen when assessing only severe CVD outcomes, but with
even lower absolute risks.

Few studies have investigated cardiovascular morbidity in
patients previously treated with rhGH. The limited number of
studies that exist have primarily focused on cardiovascular
mortality, reported unadjusted standard mortality ratios in
treated adults, and compared them with the rates in the gen-
eral population.16,28,29 Nonideal comparison groups have also
been used in other studies of patients treated with rhGH in
childhood, such as the previously mentioned study by Poid-
vin et al,17 in which data from 2 background populations in
France and the United Kingdom were used to calculate the stan-
dardized incidence ratios.30 In all these studies, data on con-
founding variables have also been lacking. Furthermore, sev-
eral of the reports referenced above are based on a mix of
different types of patients with sometimes severe underlying
conditions, making it difficult to draw definite conclusions re-
garding the effect of rhGH treatment.

The increased risk of CVD in female patients reported in
previous studies28,29 was also observed in our study. Differ-
ences in estrogen levels or responsiveness to rhGH treat-
ment have previously been hypothesized as possible
explanations, but the underlying mechanism for this
sex difference still remains unclear and merits further
investigation.28,31 In general, children born SGA have higher
risks of CVD as adults, and in particular if coupled with a
rapid postnatal weight gain.32-34 However, children born

Table 4. Incidence Rates and HRs of First Severe Cardiovascular Event in Patients Compared to Matched Controls

Group
No. of
participants

No. of
events Person-years

Incidence rate (95%
CI)a

HR (95% CI)

Crude Adjusted, simple modelb Adjusted, full modelc

All

Controls 50 036 149 755 755 1.97 (1.68-2.32) 1 [Reference] 1 [Reference] 1 [Reference]

Patients 3408 18 51 781 3.48 (2.19-5.52) 1.75 (1.08-2.87) 1.56 (0.73-3.34) 2.27 (1.01-5.12)

Male

Controls 33 861 114 531 469 2.15 (1.79-2.58) 1 [Reference] 1 [Reference] 1 [Reference]

Patients 2305 13 36 391 3.57 (2.07-6.15) 1.66 (0.93-2.94) 1.21 (0.48-3.03) 1.92 (0.72-5.11)

Female

Controls 16 175 35 224 287 1.56 (1.12-2.17) 1 [Reference] 1 [Reference] 1 [Reference]

Patients 1103 5 15 391 3.25 (1.35-7.81) 2.08 (0.81-5.35) 3.40 (0.93-12.45) 3.68 (0.84-16.08)

Abbreviation: HR, hazard ratio.
a Calculated as number of events per 10 000 person-years.
b Adjusted for age and height at study start and sex.

c Adjusted for gestational age, birth length, birth weight, age and height at
study start, parental educational level, family income, and sex.
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SGA who are eligible for rhGH treatment lack a catch-up
growth, at least for height, which could in theory put them
in a group with a relatively lower baseline risk of CVD. In
this study, we included information on birth characteristics,
such as gestational age, birth weight, and birth length, for
both patients and controls to take these parameters into
account when investigating CVD morbidity in rhGH-treated
patients with SGA. A recent study35 reported that compared
with children with untreated SGA (with or without catch-up
growth) and children born appropriate for gestational age, no
negative association with CVD risk factors up to 5 years after
treatment cessation was observed for rhGH-treated children
with SGA. Although these results are reassuring regarding
short-term effects on CVD risk factors, how these results
transfer to actual CVD morbidity later in life is uncertain. In
the present study of actual cardiovascular outcomes with
longer follow-up, we found increased risks for both overall
and severe CVD in the rhGH-treated group with SGA.

There are several challenges in addressing the issue of long-
term safety in childhood rhGH treatment, and the current evi-
dence is largely built on studies with methodological limita-
tions and short median follow-up times. The main strengths
of our study are the long follow-up time, completeness of fol-
low-up, independent and prospective collection of outcome
data, and linkage to several health and population-based reg-
istries for data on important and potential confounders. The
alternative, setting up a randomized clinical trial with a fol-
low-up of 25 years, would not be a viable option for economi-
cal and logistical reasons and would be ethically question-
able in depriving patients of an approved treatment deemed
to be effective. However, by matching on sex, birth year, and
geographical region and including important covariates, such
as birth characteristics, socioeconomic status, and height at
treatment start, we tried to overcome some of the limitations
of previous studies.

To isolate the possible effects of childhood rhGH treat-
ment, we investigated the potential dose-response associa-
tion with the outcome. We found that the highest risk was
among those with the longest treatment duration and the high-
est cumulative dose, but with no association with the mean
daily dose. This finding could indicate a dose-response asso-
ciation but could also be caused by an underlying heteroge-
neity among the treated patients, wherein those with longest
treatment duration and highest cumulative dose also had an
underlying increased risk for the outcome for other reasons.

The increased risk of cardiovascular events may have
been caused by the lack of continuous rhGH treatment in

adulthood for those with GHD rather than treatment in child-
hood. Several studies36-38 have shown improvement in car-
diovascular risk profile concerning lipid profile, body com-
position, and blood pressure in adults with GHD treated
with rhGH, whereas others37,39,40 reported increased insulin
resistance with risk of type 2 diabetes. A subanalysis of
patients who continued treatment after 18 years of age
revealed an even higher adjusted HR for the outcome than
that of the total cohort (eTable 3 in the Supplement). This
finding could indicate that these individuals constitute a
subgroup with an underlying increased risk for other rea-
sons but may also imply that continuous treatment aug-
ments later risk of CVD.

Limitations
There are several limitations of the present study, such as the
possibility of confounding by indication, where the underly-
ing reason for starting rhGH treatment might also be linked with
the risk of later cardiovascular events. We tried to handle such
potential bias by applying a matched cohort study design, ad-
justing for multiple potential confounders, and performing
dose-response analyses. However, it is impossible to com-
pletely avoid the possibility of residual confounding, and the
associations described should be seen in this light and not be
viewed as evidence of causal relationships. Furthermore, when
studying rare events that are expected to occur later in life, the
issue of statistical power is always a possible limitation. To ad-
dress this limitation, we included all patients in Sweden treated
with rhGH in childhood during the study period, and adding
more than 15 controls per patient would not have increased the
statistical power. Our cohort is, however, still quite young, and
the need for continuous follow-up is necessary not only to an-
swer questions of even longer follow-up but also for statisti-
cal precision in our estimates with more events to analyze.

Conclusions
This nationwide population-based cohort study with 25 years
of follow-up found that Swedish children treated with rhGH
for GHD, SGA, or ISS had a higher adjusted HR for overall and
severe CVD in adulthood compared with a matched control
group. However, the absolute risks were low, which could be
reassuring to individual patients. At the group level, and per-
haps especially for female patients and those treated for SGA
indication, further close monitoring and future studies of CVD
safety are warranted.
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