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Context: Turner syndrome is characterized by complete or partial X chromosome monosomy. It is
associated with substantial morbidity, but mortality risks and causes of death are not well described.

Objectives: Our objective was to investigate mortality and causes of death in women with Turner
syndrome.

Design and Setting: We constructed a cohort of women diagnosed with Turner syndrome at almost
all cytogenetic centers in Great Britain and followed them for mortality.

Patients: A total of 3439 women diagnosed between 1959–2002 were followed to the end of 2006.

Outcome Measures: Standardized mortality ratios (SMRs) and absolute excess risks were evaluated.

Results: In total, 296 deaths occurred. Mortality was significantly raised overall �SMR � 3.0; 95%
confidence interval (CI) � 2.7–3.4� and was raised for nearly all major causes of death. Circulatory
disease accounted for 41% of excess mortality, with greatest SMRs for aortic aneurysm (SMR � 23.6;
95% CI � 13.8–37.8) and aortic valve disease (SMR � 17.9; 95% CI � 4.9–46.0), but SMRs were also
raised for other circulatory conditions. Other major contributors to raised mortality included con-
genital cardiac anomalies, diabetes, epilepsy, liver disease, noninfectious enteritis and colitis, renal
and ureteric disease, and pneumonia. Absolute excess risks of death were considerably greater at
older than younger ages.

Conclusions: Mortality in women with Turner syndrome is 3-fold higher than in the general pop-
ulation, is raised for almost all major causes of death, and is raised at all ages, with the greatest
excess mortality in older adulthood. These risks need consideration in follow-up and counseling of
patients and add to reasons for continued follow-up and preventive measures in adult, not just
pediatric, care. (J Clin Endocrinol Metab 93: 4735–4742, 2008)

Turner (Ullrich-Turner) syndrome is the most common diag-
nosed sex chromosome abnormality in women. It affects

one in 2000 live-born girls (1) and is characterized by complete
or partial X chromosome monosomy. The most consistently re-
ported clinical features are short stature, premature ovarian fail-
ure, and lymphedema. Congenital abnormalities include web-
bing of the neck and cardiovascular and genitourinary anomalies
(2, 3). Girls diagnosed with Turner syndrome receive intensive

medical follow-up in childhood, often with treatment with GH
and estrogen replacement therapy, but until recently, adult pa-
tients were not monitored closely (4, 5).

Information on mortality and causes of death in women with
Turner syndrome is limited but is important to know for coun-
seling of parents and patients and for appropriate screening and
follow-up of patients. Only two studies have assessed mortality
risks in such women. One included 156 patients in Scotland (6),
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which was later extended to 285 patients in Scotland and England
(7); these patients are included in the current study. The other study
included 781 women in Denmark (1); although informative, there
were too few deaths to investigate causes of death in detail.

We collected data from almost all cytogenetics centers in
Great Britain on patients diagnosed with Turner syndrome dur-
ing 1959–2002 to construct a national cohort study and inves-
tigate mortality and causes of death in women with this condi-
tion, based on much larger numbers. We have recently reported
on cancer incidence risks in this cohort (8).

Patients and Methods

Information on patients cytogenetically diagnosed with Turner syn-
drome was retrospectively collected from 27 of all 29 regional cytoge-
netic centers in Great Britain (i.e. England, Wales, and Scotland), the
exceptions being two small centers. Turner syndrome was defined as a
karyotype with a 45,X cell line (i.e. complete absence of a X chromo-
some) or a structurally abnormal or absent short arm of the X chromo-
some. Only records regarding postnatal examinations were retrieved,
and these were collected as far back in time as records had been main-
tained at the cytogenetic centers (in most centers from the 1960s or
1970s). The cytogenetic records generally listed, apart from cytogenetic
details, the patient’s name, sex, and date of birth or age at diagnosis, but
the completeness of this information varied by center and calendar year.
Permission for this study was obtained from appropriate ethics commit-
tees and personal information advisory groups.

Information on name, date of birth, and other identifying details,
where available, for women identified from the cytogenetic centers was
sent to the National Health Service Central Register (NHSCR) for
England and Wales and the NHSCR for Scotland. These registers hold
information on deaths, emigrations, and other exits from the NHS for all
residents who are registered with a general practitioner and are effec-
tively population registers of these countries. Subjects who could be
uniquely identified on the NHSCR registers (flagged) based on the iden-
tifying information supplied were followed up for death and other loss
to follow-up such as through emigration. The underlying cause of death,
from death certificates, was coded to the revision of the International
Classification of Diseases (ICD) in use at the time of death (9), and was
subsequently bridge-coded to the ninth revision of the ICD (10) to give
the categories shown in Results. Patients were excluded if they were
known to have been cytogenetically examined as a consequence of a
cancer diagnosis or if their karyotype included a cell line with an auto-
somal trisomy (e.g. 45,X/47,XX,�21), because this is itself associated
with substantial morbidity.

Statistical methods
For each cohort member, we calculated person-years at risk of death

by 5-yr age group, calendar year, and country (England and Wales vs.
Scotland). Follow-up started at the date of cytogenetic diagnosis and
ended on December 31, 2006, or the 85th birthday, date of death, or
other loss to follow-up, whichever was earliest. Follow-up was censored
at age 85 because at older ages the certified cause of death is often in-
accurate, and national mortality rates are not available by 5-yr age group.
Expected cause-specific mortality in the cohort was calculated by mul-
tiplying the age-, calendar year-, and country-specific person-years at risk
in the cohort by the corresponding national mortality rates for females.
Standardized mortality ratios (SMRs) were then derived as the ratio of
observed to expected deaths, and their 95% confidence intervals (CIs)
calculated using Fisher’s exact method (11). We calculated absolute ex-
cess risks (AERs) by subtracting the expected from the observed numbers
of deaths, dividing by person-years at risk, and multiplying by 100,000.
We estimated cumulative risk of death based on competing risks analysis
(12), a method that calculates risks conditional on surviving to each

specific age. The statistical software package Stata 9.0 was used for all
analyses (Stata Corp., College Station, TX). All significance tests were
two sided.

SMRs for overall and cause-specific mortality were calculated for the
entire cohort, by age of Turner diagnosis, Turner karyotypic subtype
(45,X; 46,X,i(Xq) or 45,X/46,X,i(Xq); 45,X/46,XX; other 45,X mo-
saic), and by attained age at diagnosis, time since Turner diagnosis, and
calendar period of follow-up. To investigate the possibility that mortality
might have been biased because some women were cytogenetically tested as
a consequence of a prior illness, analyses were repeated after excluding from
follow-up the first 12 and 36 months after cytogenetic diagnosis, because
effects of such bias, if present, would be expected to wear off over time.

Results

We identified 4909 women cytogenetically diagnosed with Turner
syndrome. Of these, 1287 could not be flagged on the NHSCR
because insufficient identifying information was available, in par-
ticular on date of birth (n � 712) or full name (n � 223), or because
thefullnameplusdateofbirthwere toocommon,suchthatanexact
match could not be found on the NHSCR (n � 352), and another
47 could not be followed up for other reasons. An additional 127
women were excluded because of unknown year of cytogenetic
diagnosis, three because they were karyotyped as a result of a
cancer diagnosis and six because their karyotype included a cell
line with an autosomal trisomy. The remaining 3439 women
(70%) were included in the cohort.

Patients were more likely to be excluded from the study for the
above reasons if they were diagnosed with Turner syndrome
during the early calendar years (e.g. of those with known year of
cytogenetic diagnosis, 39.5% of women diagnosed before 1980
vs. 14.8% between 1990 and 2002 were excluded) or if they were
diagnosed under age 5 (of those with known age at diagnosis,
32.5% under age 5 vs. 10.4% age 5 yr and over were excluded).

Of 3439 cohort members, 1869 (54%) had a mosaic karyo-
type, 1246 (36%) had 45,X monosomy, 186 (5.4%) had
46,X,i(Xq), and 132 (3.8%) were of other nonmosaic karyo-
types (Table 1). The median age at diagnosis was 14.5 yr overall,
ranging from 12.4 for women with 45,X monosomy to 23.8 yr
for those with a 45,X/46,XX karyotype. The proportion of
women with a nonmosaic 45,X karyotype decreased with cal-
endar period of diagnosis, from 45% among those diagnosed
before 1980 to 32% among those diagnosed during 1990–2002.

In total, 296 deaths occurred during follow-up, 111 subjects
were censored from risk when they reached age 85 (n � 15) or
because of emigration or exit from the NHS for other reasons
(n � 96), and 3032 subjects were followed to the end of the study.
The cohort was followed for an average of 18.7 yr per subject.

All-cause mortality was 3-fold raised compared with that in
the general population (SMR � 3.0; 95% CI � 2.7–3.4). Cause-
specific mortality was significantly raised for endocrine disease;
diseases of the nervous, circulatory, respiratory, digestive, gen-
itourinary, and musculoskeletal systems; congenital anomalies;
and accidents and violence (Table 2). Absolute excess mortality
risk corresponded to 307.9 excess deaths per 100,000 popula-
tion per annum, with circulatory disease being the largest con-
tributor (AER � 126.3, 41%), and respiratory disease being the
next largest (AER � 40.5, 13%).
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Within circulatory diseases, SMRs were greatest for aortic
aneurysm (SMR � 23.6; 95% CI � 13.8–37.8) and aortic valve
disease (SMR � 17.9; 95% CI � 4.9–46.0) but were also raised
for hypertensive disease, ischemic heart disease, cerebrovascular
disease, and other heart disease, a heterogeneous group of con-
ditions. Almost all of the cerebrovascular accident deaths for
which the death certificates stated whether the cause was isch-
emic or hemorrhagic were hemorrhagic (13 of 15). Congenital
cardiac anomalies accounted for 8% of absolute excess mortality
and included seven deaths from coarctation of the aorta, two
from bicuspid aortic valve, and two from atrial septal defect.

The raised mortality from respiratory disease was mainly due
to pneumonia (SMR � 5.5; 95% CI � 3.5–8.3). The raised
mortality from endocrine and allied diseases was due to diabetes
mellitus, for which risk was over 11-fold raised (SMR � 11.3;
95% CI � 5.8–19.7); the type of diabetes was not specified on
the death certificates. The nervous system deaths included six
from epilepsy (SMR � 9.0; 95% CI � 3.3–19.7), with the re-
mainder being from heterogeneous causes. Three of the epilepsy
death certificates stated ‘status epilepticus’; the other three stated
unspecified type of epilepsy or seizures. The deaths from diges-
tive system disease included seven from liver disease (SMR � 3.3;
95% CI � 1.3–6.7) (four nonalcoholic or unspecified cirrhosis,
one alcoholic fatty liver, one portal hypertension, and one un-
specified) and one from cholangitis. Additionally, this category
included two deaths from iodiopathic proctocolitis and one from
Crohn’s disease (SMR � 5.9; 95% CI � 1.2–17.1 for noninfec-

tious enteritis and colitis). The deaths from genitourinary disease
were largely due to renal and ureteric disease (SMR � 7.1; 95%
CI � 2.3–16.5) and unspecified urinary tract infection. Deaths
from musculoskeletal diseases were heterogeneous. Specific
causes of death from accidents and violence included poisoning
(n � 5), road traffic accident (n � 4), compression of the neck,
strangulation or hanging (n � 3), inhalation of vomitus or chok-
ing (n � 3), and complications of a medical procedure (n � 2).
Suicide was noted on death certificates for three patients.

Althoughmortality fromcanceroverallwasnotraised(Table2),
analyses by cancer site showed borderline significantly reduced
mortality from breast cancer (SMR �0.3; 95% CI�0.1–1.0; three
deaths) and raised mortality from brain and nervous system tumors
(SMR � 3.2; 95% CI � 1.0–7.4; five deaths) (not in table).

The relative risk of death (SMR) was greater at young than
at older ages but remained significantly and substantially
raised at ages over 45 (Table 3) and indeed even at ages over
65 yr (SMR � 2.4; 95% CI � 2.0 –3.0; not in table). AERs,
however, were considerably greater at older ages, notably, at
ages 45–84 yr, mortality was raised with 1158.9 excess deaths
per 100,000 population annually (i.e. 11.6 excess deaths per
1000), more than seven times greater than the AER at ages 0–14
or 15–44 yr. SMRs decreased with age and time since diagnosis
of Turner syndrome (not in table).

All-cause mortality was raised for all investigated karyotype
groupsbutwassignificantlyhigher inwomenwithnonmosaic45,X
than with 45,X/46,XX or other 45,X mosaicism, with mortality in

TABLE 1. The cohort of women with Turner syndrome, by karyotype, age and year of diagnosis, and year of birth

Characteristic n % Person-years

Karyotype
45,X 1,246 36.2 24,705
46,X,i(Xq) 186 5.4 3,682
45,X/46,X,i(Xq) 442 12.9 8,416
45,X/46,XY and other 45,X mosaics including Y chromosome 212 6.2 4,235
45,X/46,XX 560 16.3 9,286
Other 45,X mosaic, e.g. 45,X/46,X,r(X); 45,X/47,XXX; 45,X/46,XX/47,XXX 655 19.1 11,600
Other types, e.g. 46,X,del(Xp) 132 3.8 2,106
Turner syndrome, type unspecified 6 0.2 186

Age at diagnosis (yr)
0–4 689 20.0 12,787
5–9 421 12.2 7,449
10–14 681 19.8 13,438
15–24 774 22.5 17,292
25–44 630 18.3 10,298
45–64 197 5.7 2,691
65–84 47 1.4 261

Year of diagnosis
1959–1969 232 6.8 8,014
1970–1979 560 16.3 16,105
1980–1989 1,075 31.3 21,940
1990–2002 1,572 45.7 18,157

Year of birth
Before 1950 490 14.2 10,356
1950–1959 461 13.4 10,596
1960–1969 713 20.7 15,665
1970–1979 713 20.7 13,485
1980–1989 709 20.6 10,285
1990–2001 353 10.3 3,827

Total 3,439 100.0 64,215
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women with an i(Xq) lineage being intermediate (Table 4). The
SMR for endocrine disease was greatest in women with an i(Xq)
lineage,mainlyduetodiabetes (SMR�30.9;95%CI�10.0–72.2;
five deaths) (not in table). Women with nonmosaic 45,X had par-
ticularly high SMRs for aortic aneurysm, other heart disease, and
cardiovascularcongenitalanomalies (Table4).All fourdeaths from
aortic valve disease were in women with nonmosaic 45,X (SMR �

102.3; 95% CI � 27.9–262).
All-cause SMRs decreased with calendar period of follow-up,

from 4.5 (95% CI � 3.2–6.3) before 1980 to 2.8 (95% CI � 2.3–
3.3) during the period 2000–2006.

We repeated the main analyses after excluding from follow-up
deaths and person-time during the first 12 or 36 months after cy-
togenetic diagnosis. This showed all-cause SMRs that were only
marginally lower than those in themainanalyses (SMR�2.9;95%
CI � 2.5–3.2 and SMR � 2.8; 95% CI � 2.5–3.2, after excluding
thefirst12or36months,respectively;not intable),withnomaterial
changes incause-specificSMRs, except for slightdecreases inSMRs
for cardiovascular congenital anomalies, aortic valve disease, and
heart disease overall, due to the exclusion of 11, 2, and 7 deaths
occurring within 36 months of diagnosis of Turner syndrome,
respectively.

The cumulative risk of death from any cause in the cohort was
6.1% by age 15 yr, 12.4% by age 45, and 86.2% by age 85 (Fig.
1). For circulatory disease deaths, these risks were 0.2, 1.8, and
34.2% and for aortic aneurysm deaths 0, 0.8, and 2.7% by ages
15, 45, and 85 yr, respectively.

Discussion

This large study of mortality in women with Turner syndrome
showed that mortality is 3-fold raised compared with that in the
general population and is, to our knowledge, the first study to
show that raised mortality is present throughout adulthood and
for almost all major causes of death. Mortality risks were gen-
erally greatest in women with 45,X monosomy and in patients
diagnosed at young ages. Karyotypes with an i(Xq) cell line were
associated with particularly increased mortality from diabetes.

The all-cause SMR in our study is similar to that reported by
the only other independent cohort study, of 781 patients with
Turner syndrome identified from the Danish Central Cytoge-
netic Register (SMR � 2.86; 95% CI � 2.18–3.55) (1). The
Danish study observed significantly raised mortality from endo-

TABLE 2. Cause-specific mortality in the cohort

ICD-9 code Cause No. of deaths SMR (95% CI) AER

001–139 Infectious and parasitic disease 3 2.4 (0.5–7.1) 2.7
140–208 All malignant neoplasms 36 1.0 (0.7–1.4) 0.7
240–279 Endocrine, nutritional, metabolic, immunity 14 7.6 (4.2–12.8)e 18.9

250 Diabetes mellitus 12 11.3 (5.8–19.7)e 17.0
290–319 Mental disorders 1 0.8 (0.02–4.4) -0.4
320–389 Diseases of the nervous system 16 5.5 (3.1–8.9)e 20.4

345 Epilepsy 6 9.0 (3.3–19.7)e 8.3
390–459 Diseases of the circulatory system 108 4.0 (3.3–4.8)e 126.3

401–405 Hypertensive diseasea 3 6.0 (1.2–17.5)c 3.9
410–414 Ischaemic heart disease 36 2.8 (1.9–3.8)e 35.7

410 Acute myocardial infarction 20 2.6 (1.6–4.0)e 19.0
420–429 Other heart disease 20 8.3 (5.1–12.8)e 27.4

4241 Aortic valve disease 4 17.9 (4.9–46.0)e 5.9
430–437 Cerebrovascular disease 29 3.9 (2.6–5.6)e 33.6
93.0, 441 Aortic aneurysm 17 23.6 (13.8–37.8)e 25.4

460–519 Diseases of the respiratory system 35 3.9 (2.7–5.4)e 40.5
480–486 Pneumonia 23 5.5 (3.5–8.3)e 29.4
490–494, 496 Chronic lower respiratory disease 6 1.6 (0.6–3.5) 3.6

520–579 Diseases of the digestive system 21 4.5 (2.8–6.9)e 25.5
555–558 Noninfectious enteritis and colitis 3 5.9 (1.2–17.1)c 3.9
570–572, 573.0, 573.3–573.9 Liver disease 7 3.3 (1.3–6.7)e 7.6

580–629 Diseases of the genitourinary system 9 8.9 (4.1–16.9)e 12.4
580–593 Renal and ureteric disease 5 7.1 (2.3–16.5)d 6.7

710–739 Diseases of the musculoskeletal system and
connective tissue

6 8.2 (3.0–17.8)e 8.2

740–759 Congenital anomalies 20 12.6 (7.7–19.5)e 28.7
745–747 Cardiovascular congenital anomalies 16 20.7 (11.8–33.7)e 23.7

800–999 Accidents and violence 18 2.2 (1.3–3.6)d 15.6
000–999 All causesb 296 3.0 (2.7–3.4)e 307.9

ICD-9, International Classification of Diseases, 9th revision (10).
a ICD category excludes cerebrovascular disease with mention of hypertension and hypertensive disease involving coronary vessels.
b Nine deaths included under this heading from causes not listed individually above.
c P � 0.05.
d P � 0.01.
e P � 0.001.
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crine and coronary heart disease, congenital anomalies, and
other causes encompassing accidents, suicides, and unknown
causes of death, and there were nonsignificantly raised risks for
several other broad disease categories, but numbers of deaths

were too small to investigate causes of death in more detail or to
investigate cause-specific risks by karyotype or attained age.

Mortality from noncongenital circulatory disease and from
cardiovascular congenital anomalies accounted for 41 and 8%,

TABLE 4. Mortality from selected causes in the cohort, by karyotype group

ICD-9 Cause

Karyotype

45,X (n � 1246)
46,X,i(Xq) or 45,X/

46,X,i(Xq) (n � 628)
45,X/46,XX
(n � 560)

Other 45,X mosaic
(n � 867)

n SMR (95% CI) n SMR (95% CI) n SMR (95% CI) n SMR (95% CI)

240–279 Endocrine, nutritional,
metabolic, immunity

2 4.0 (0.5–14.3) 7 23.8 (9.6–49.1) 3 6.9 (1.4–20.0) 2 3.8 (0.5–13.5)

320–389 Diseases of the nervous system 3 3.4 (0.7–9.8) 0 0.0 (0–7.5) 4 6.4 (1.7–16.3) 7 8.6 (3.5–17.7)
390–459 Diseases of the circulatory

system
37 7.3 (5.1–10.0) 19 5.2 (3.2–8.2) 20 2.3 (1.4–3.6) 31 3.6 (2.4–5.1)

410–414 Ischaemic heart disease 11 4.8 (2.4–8.5) 6 3.5 (1.3–7.5) 8 1.9 (0.8–3.7) 11 2.6 (1.3–4.6)
420–429 Other heart disease 9a 16.8 (7.7–31.8)a 3 8.8 (1.8–25.7) 6 8.5 (3.1–18.4) 1 1.4 (0–7.6)
430–437 Cerebrovascular disease 4 2.8 (0.8–7.1) 8 8.1 (3.5–15.9) 4 1.7 (0.5–4.3) 13 5.5 (2.9–9.4)
93.0, 441 Aortic aneurysm 11 101.0 (50.4–181) 1 10.9 (0.3–60.7) 0 0.0 (0–15.1) 5 20.6 (6.7–48.0)

460–519 Diseases of the respiratory
system

13 6.8 (3.6–11.6) 5 4.1 (1.3–9.5) 7 2.6 (1.0–5.4) 10 3.5 (1.7–6.5)

520–579 Diseases of the digestive
system

9 7.8 (3.6–14.8) 3 4.0 (0.8–11.6) 2 1.7 (0.2–6.1) 6 4.3 (1.6–9.5)

580–629 Diseases of the genitourinary
system

3 12.6 (2.6–36.8) 2 13.4 (1.6–48.5) 0 0.0 (0–13.1) 3 9.8 (2.0–28.6)

710–739 Diseases of the musculoskeletal
system and connective tissue

1 5.9 (0.1–32.7) 1 8.8 (0.2–48.9) 1 5.0 (0.1–27.6) 3 13.5 (2.8–39.4)

740–759 Congenital anomalies 14 17.1 (9.3–28.6) 2 10.3 (1.2–37.3) 2 10.9 (1.3–39.2) 2 6.0 (0.7–21.5)
000–999 All causes 109 4.4 (3.6–5.3) 43 2.9 (2.1–3.9) 56 2.2 (1.7–2.8) 81 2.7 (2.2–3.4)

The category of other 45,X mosaic includes 45,X/46,XY and other mosaics with a Y chromosome, as well as other 45,X mosaics not listed separately in the
table. A total of 132 subjects with other karyotypes and six with unspecified karyotype are not listed in the table. ICD-9, International Classification of Diseases,
9th revision (10).
a Includes four deaths from aortic valve disease (SMR � 102.3; 95% CI � 27.9–261.8).

TABLE 3. Mortality in the cohort from selected causes, by attained age

ICD-9 Cause

Attained age (yr)

<15 15–44 45–84

n SMR (95% CI) AER n SMR (95% CI) AER n SMR (95% CI) AER

240–279 Endocrine, nutritional,
metabolic, immunity

1 7.3 (0.2–40.8) 6.5 4 6.9 (1.9–17.5) 8.3 9 8.1 (3.7–15.4) 82.0

320–389 Diseases of the nervous system 3 9.1 (1.9–26.7) 20.2 7 6.2 (2.5–12.8) 14.2 6 4.1 (1.5–8.9) 47.1
390–459 Diseases of the circulatory

system
1 7.0 (0.2–38.7) 6.5 23 8.2 (5.2–12.3) 48.8 84 3.5 (2.8–4.3) 624.2

410–414 Ischaemic heart disease 0 0.0 (0–575) 0.0 2 3.0 (0.4–11.0) 3.2 34 2.7 (1.9–3.8) 224.3
420–429 Other heart disease 1 11.5 (0.3–63.9) 6.9 3 5.7 (1.2–16.8) 6.0 16 8.9 (5.1–14.4) 147.6
430–437 Cerebrovascular disease 0 0.0 (0–95.0) �0.3 5 5.0 (1.6–11.6) 9.6 24 3.7 (2.4–5.6) 182.9
93.0, 441 Aortic aneurysm 0 0.0 (0–3099) �0.0 12 278 (144–485) 28.9 5 7.4 (2.4–17.3) 45.0

460–519 Diseases of the respiratory
system

3 6.5 (1.3–19.0) 19.2 3 2.5 (0.5–7.4) 4.4 29 3.9 (2.6–5.7) 225.0

520–579 Diseases of the digestive
system

1 12.3 (0.3–68.7) 6.9 9 7.6 (3.5–14.4) 18.9 11 3.3 (1.6–5.8) 79.4

580–629 Diseases of the genitourinary
system

0 0.0 (0–133.8) �0.2 3 12.5 (2.6–36.4) 6.7 6 8.1 (3.0–17.6) 54.7

710–739 Diseases of the musculoskeletal
system and connective
tissue

0 0.0 (0–226.8) �0.1 3 15.5 (3.2–45.4) 6.8 3 5.7 (1.2–16.7) 25.7

740–759 Congenital anomalies 10 11.4 (5.5–21.0) 68.9 9 17.2 (7.9–32.6) 20.5 1 5.5 (0.1–30.4) 8.5
000–999 All causes 26 4.9 (3.2–7.2) 156.3 88 3.9 (3.1–4.8) 158.5 182 2.6 (2.2–3.0) 1158.9

ICD-9, International Classification of Diseases, 9th revision (10).
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respectively, of absolute excess mortality risk in our study. Con-
genital cardiovascular abnormalities are common in women
with Turner syndrome; the most well-known, bicuspid aortic
valves and coarctation of the aorta, have been reported to be
present in 12–30 and 7–18% of patients, respectively, but it is
clear that the spectrum of cardiovascular abnormalities is con-
siderably broader (13, 14). Aortic root dilatation is common
(15), and aortic dissection has been reported to occur with in-
creased frequency (15, 16). Women with Turner syndrome are
also at increased risk of atherosclerosis, exacerbated by an in-
creased prevalence of hypertension, insulin resistance, hyperlip-
idemia, obesity, and estrogen deficiency (4, 17). Our study shows
that the cumulative risk of death from aortic aneurysm is high:
0.8% by age 45 and 2.7% by age 85 yr. It is also clear that such
deaths may occur at strikingly young ages, as shown in a recent
study of 5220 women with Turner syndrome monitored while on
treatment with recombinant human GH, in which four deaths
from aortic aneurysm and one from aortic dissection occurred in
patients aged 14–16 yr (18). In our cohort, which was on average
considerably older, we observed 12 deaths from aortic aneurysm
in patients aged 15–44 yr (including seven under age 30),
amounting to a more than 200-fold increased risk compared
with the general population.

Raised mortality from endocrine causes was due to diabe-
tes mellitus. In our study, the death certificates did not specify
the type of diabetes, but both type I and type II diabetes have
been reported to be more common in Turner syndrome (19).
The particularly high mortality from diabetes in women with
an i(Xq) lineage might perhaps be due to type I diabetes be-
cause an i(Xq) karyotype is thought to predispose to autoim-
mune disease (4).

Raised mortality from liver disease might be expected because
Turner syndrome has been associated with raised levels of liver
enzymes (20–22) as well as architectural liver changes such as
cirrhosis, nodular regenerative hyperplasia, and focal nodular

hyperplasia (23). Our finding is compatible
with past observations of raised morbidity
from liver cirrhosis in Turner syndrome
(19), which does not appear to be alcohol
related.

Mortality from renal disease was 7-fold
raised. Congenital malformations of the uri-
nary system are thought to be present in 30–
40% of patients with Turner syndrome (24),
giving rise to increasedpropensity tourinary
tract infections (13) and potentially also to
renal dysfunction.

The significant raised mortality from ep-
ilepsy in our study is unexpected because
epilepsy does not appear to be an established
clinical feature associated with this syn-
drome (3–5, 13). Structural and metabolic
brain abnormalities have been described,
however (25). We previously reported in-
creased mortality from epilepsy in men with
47,XXY (Klinefelter syndrome) (26) and
47,XYY (27) karyotypes, highlighting a po-

tential role of the sex chromosomes in epileptic disorders.
Deaths from accidents and violence were of a heterogeneous

nature. Although patients with Turner syndrome show normal
behavioral function, they may have lower self-esteem and higher
anxiety levels than 46,XX females and might be at risk of psy-
chological problems (28), potentially relevant to the observation
that several deaths in the cohort were by suicide.

Respiratory disease accounted for 14% of absolute excess
mortality, with raised mortality from pneumonia. This finding
must be interpreted with caution because pneumonia is a diag-
nosis that is often entered on death certificates as the underlying
cause when it may actually have been the terminal event in deaths
due to other causes (29). Our data suggest that risk of death from
respiratory disease other than pneumonia is not raised.

Although mortality from cancer overall was close to that ex-
pected in the general population, mortality was reduced for
breast cancer, consistent with the lack of breast development and
low estrogen levels associated with Turner syndrome (3), and
raised for nervous system tumors. These findings are similar to
our previous findings on cancer incidence risks in this cohort (8).
Unfortunately, it was not practical to gain data on medical treat-
ments such as estrogen replacement and GH treatment for this
large cohort, so that we cannot determine to what extent (if any)
the cancer or other results have been affected by such treatments.

Phenotypical severity of Turner syndrome is thought to be
associated with karyotype, with the most severe phenotype in
women with 45,X monosomy and the least severe in those mo-
saic for a normal cell line (3, 30). Our finding that women with
45,X were diagnosed with Turner syndrome on average at a much
younger age and had greater mortality than women with 45,X/
46,XX, is compatible with this. SMRs were greatest in women who
were diagnosed in childhood, a likely consequence of greater phe-
notypical severity in women diagnosed at young ages.

Our study shows that mortality risks in women with Turner
syndrome remain raised throughout life. Although the relative

FIG. 1. Cumulative risk of death from all causes and from circulatory disease observed in the cohort of
patients with Turner syndrome and risk expected based on general population rates for females.

4740 Schoemaker et al. Mortality in Turner Syndrome J Clin Endocrinol Metab, December 2008, 93(12):4735–4742

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article/93/12/4735/2627321 by guest on 20 M
arch 2024



risk of death (SMR) (i.e. the ratio of deaths in the study popu-
lation compared with the number expected from rates in the
general population) was greater at childhood than at adult ages,
the AER of mortality (i.e. the number of extra deaths per 100,000
population per annum, compared with rates in the general pop-
ulation) was considerably greater at older than younger ages.
The AER is probably the more relevant measure from a clinical
perspective, because it indicates the extra risk of death patients
encounter. These findings, especially because some of the deaths
are potentially preventable, emphasize the importance of med-
ical follow-up of adult women with Turner syndrome (4, 5, 13).

The decrease in all-cause SMRs in more recent calendar pe-
riods observed in our study, as well as in the Danish study (1),
could be due to changes in composition of the cohort over time,
in particular in terms of a decreasing proportion of 45,X mono-
somy and increasing age of the cohort or due to a real decrease
in mortality as a result of improved medical care of patients with
Turner syndrome.

The possibility that bias has affected our results needs con-
sideration. Patients were ascertained from historical records kept
at cytogenetic centers. We could include only women in the co-
hort who had been diagnosed with Turner syndrome during the
years that the cytogenetic centers had retained their records and
for whom sufficient information was available for flagging at the
NHSCR. There is no plausible reason, however, why these re-
strictions would relate to risk of death, because the absence of
identifying information was a function of recording systems be-
fore follow-up occurred, and availability of records was based on
year of karyotyping, not on diagnosis or follow-up. An exception
is that one reason for lack of name information is if individuals
were diagnosed very soon after birth before the infant was
named. Because diagnosis in infancy is more likely with severe
phenotypes (30, 31), the study may to a small extent have omit-
ted individuals with such severe phenotypes. This would have led
to underestimation of mortality in the neonatal period, because
there is a strong association between neck webbing, a well-rec-
ognized clinical feature of Turner syndrome, and congenital car-
diovascular defects (32). Such partial omission of girls with se-
vere phenotypical features might have contributed to the relative
low proportion of women with 45,X monosomy in our study
(36%) compared with the Danish study (45%) (1), because girls
with a severe phenotype are more likely to be of 45,X karyotype
(3, 30). However, we also observed that the overall proportion
of patients with nonmosaic 45,X declined in recent years, be-
cause diagnostic methods have improved in the detection of mi-
nor mosaicism, and thus the difference in proportions between
the two studies could be due to our cohort having been diagnosed
later, on average, than the Danish cohort.

We estimate that for the birth years for which we have the
largest annual numbers of Turner cases (years of birth 1960–
1989), our study included just over 50% of the number of pa-
tients expected based on a newborn prevalence of one in 2000
births (1) and the annual number of female births in Great Brit-
ain. Although some of this disparity might be due to unavail-
ability of historical records at cytogenetic centers and legal abor-
tions of prenatally diagnosed cases, it is also known that a
substantial proportion of women with Turner syndrome remain

undetected (1). Such undetected cases are likely to have fewer
phenotypic features of Turner syndrome than do other cases
(33). Our study is of diagnosed cases, and from a clinical per-
spective, it is the mortality of diagnosed cases that is of relevance
rather than of cases that are never diagnosed. There is potential
for bias in our results, however, if referral for cytogenetic testing
for Turner syndrome was triggered by the clinical diagnosis of,
or care for, another illness, with the consequence that mortality
from this other condition could be artifactually raised in the
cohort. Such bias would be expected to be greatest in the early
years after diagnosis of Turner syndrome and diminish with
time. Therefore, if it occurred, SMRs would be less elevated with
exclusion of the early years of follow-up. We found some evi-
dence for this related to congenital cardiovascular anomalies and
heart disease including aortic valve disease, but not for other
diseases. Some bias related to these diseases is highly likely be-
cause they are likely to result in cytogenetic testing, but they were
responsible for only a small proportion of all deaths, and the
analyses showed that the effect of this was small and did not
explain the raised risks observed in the cohort.

Our study shows that mortality in women with Turner syn-
drome is three times higher than in the general population and
that mortality is greatly raised from almost all major causes and
at all ages, with much the greatest rate of excess mortality in older
adulthood. The observed risks need to be considered when fol-
lowing up and counseling patients with Turner syndrome and
adds to the reasons for continued follow-up and preventive mea-
sures in adult, not just pediatric, care.
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