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Purpose: This study aimed to describe the comorbidity pattern in 47, XXX syndrome.
Methods: This was a registry-based study of hospital diagnoses and prescribed medication in a
nationwide cohort of females with 47, XXX (n = 103) and 46,XX/47,XXX (n = 57) in which
they were compared with 16,000 age-matched general population female controls.
Results: The overall occurrence of hospital diagnoses was significantly increased in females
with 47,XXX when compared with controls (incidence rate ratio = 2.1, CI = 1.7-2.5), and when
divided into 19 organ-specific groups, there was a significantly increased risk in the following 14
groups: infection, blood, endocrine and metabolism, mental, nervous system, eye, ear,
respiratory, oral cavity and gastrointestinal, musculoskeletal, perinatal, congenital
malformations, external factors, and “other.” The risk of being prescribed any medication was
not significantly increased in females with 47, XXX when compared with controls (hazard
ratio = 1.2, CI = 0.9-1.4). However, when stratified according to medication groups, a
significantly increased risk was detected in 4 of 13 groups. The overall occurrence of hospital
diagnoses was also significantly increased when females with 46,XX/47, XXX were compared
with controls (incidence risk ratio = 1.3, CI = 1.01-1.8), but generally, in comparison with
controls, females with 46,XX/47, XXX were less severely affected than females with 47,XXX.
Conclusion: The 47,XXX syndrome is associated with an increased occurrence of a wide variety
of diseases. Increased awareness of this may contribute to improve counseling and clinical
assessment of these patients.

© 2021 American College of Medical Genetics and Genomics.

Published by Elsevier Inc. All rights reserved.

Introduction

The 47, XXX syndrome is caused by the presence of an extra
X chromosome in females. It was first reported in 1959 in a
young woman with tall stature, secondary amenorrhea, and
infantile genitalia." Since then, the associated phenotype has

been very variably described, ranging from asymptomatic to
subtle and nonspecific physical features to significant neu-
rodevelopmental challenges,” including learning disabilities,
developmental delay, and behavioral disorders.”” In addi-
tion, a variety of congenital malformations® and medical
conditions has been reported.”*
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The 47, XXX syndrome is not a very rare syndrome. It
has been estimated to affect 84 per 100,000 newborn girls.”
Nondiagnosis is, however, a pervasive challenge, and less
than 15% of affected girls and women are clinically ascer-
tained. Furthermore, diagnosis is often considerably
delayed, and some are not diagnosed until late in life.” The
low diagnostic rate is likely a result of the variable pheno-
type, in which features may not meet the threshold for a
genetic analysis, or clinicians may under-recognize Symp-
toms as features of the 47,XXX syndrome, thus not
obtaining a chromosome analysis.

When facing a diagnosis of 47, XXX syndrome, several
questions and concerns may arise, including concerns
regarding long-term health outcomes. Knowledge within
this field is, however, limited and often based on case re-
ports or small selected cohorts, except for 2 population-
based studies that have reported a significantly increased
mortality in patients with 47,XXX syndrome when
compared with the background population.”'” This makes
comprehensive counseling of patients and parents regarding
what to expect for the future difficult and, especially in the
prenatal setting, poses a great challenge.

To add to the knowledge regarding possible associations
between the 47, XXX syndrome and long-term health out-
comes, we present data from a nationwide epidemiological
study of the Danish 47,XXX and 46,XX/47,XXX cohort.
We have undertaken a systematic and comprehensive
analysis of longitudinally collected hospital diagnoses and
medical prescriptions to describe the pattern of general and
cause-specific comorbidity within this cohort in comparison
with controls.

Materials and Methods
Setting

In Denmark, all residents are offered universal, tax-
supported health care, herein genetic analyses, from both
general practitioners and hospitals by the Danish National
Health Service.

Data sources

Denmark has a large network of government-maintained,
fully automated population-based health and administra-
tive registries in which high-quality individual-level data of
all Danish residents are recorded.

Linkage of data from the different registries is possible
via the unique 10-digit identification number assigned to all
residents at birth or upon immigration. Statistics Denmark is
the central authority of the registries.

The Danish Cytogenetic Central Registry (DCCR) con-
tains data on all individuals who have received a chromo-
some analysis in Denmark since 1960. Information
regarding the phenotype and indication for doing a genetic

analysis is not available nor is consistent information on the
percentage of mosaic cell lines.

The Danish National Patient Registry has collected
inpatient data from all Danish hospitals since 1977,
including admission dates and diagnoses (primary and sec-
ondary), according to the Eighth (1977-1993) and 10th
(1994-) revision of the International Classification of Dis-
eases (ICD-8 and ICD-10). Outpatient data and data from
psychiatric hospital departments have been collected
since 1995.

The Danish National Database of Reimbursed Pre-
scriptions contains data on all prescriptions for all types of
medication since 1995, including date of reimbursement and
medication code according to the Anatomical Therapeutic
Chemical Classification System (ATC). Medication use
during hospitalization and prescriptions administered by
hospital pharmacies is not included.

End of follow-up was December 31, 2014.

Patients and controls

The DCCR was searched for all individuals registered with
the sex chromosome costitution 47,XXX or 46,XX/47, XXX
during 1960 to 2014. All chromosome analyses were per-
formed postnatally. For an unknown subset of patients, the
chromosome analysis was performed to verify a prenatally
obtained karyotype. Statistics Denmark established a com-
parison cohort by age-matching each case with 100 random
female controls from the Danish general population. The
following data were retrieved for cases and controls: (1)
diagnosis codes and dates of diagnoses, (2) ATC codes and
dates of reimbursement of prescriptions, (3) date of death,
and (4) date of emigration.

Statistics

Hospital diagnoses were analyzed by negative binomial
regression yielding incidence rate ratios (IRRs) as the
measure of the association. Each stratum of a female patient
with 47, XXX syndrome and her matched controls consti-
tuted a cluster. This clustering was allowed for using a
random effects model.

The prescribed medication was analyzed by stratified
Cox regression yielding hazard ratios (HRs) as the measure
of association. A Cox regression analysis was also per-
formed for the first registration of any hospital diagnosis.

For the negative binomial regression analysis, time at risk
started at birth and ended at death, at emigration, or at the
end of follow-up, whichever came first, for the Cox
regression analyses, time at risk started at birth and ended at
first registration of the diagnosis/prescription of interest and
ended at death, at emigration, or at the end of follow-up,
whichever came first.

All analyses were stratified according to karyotype,
namely 47,XXX or 46,XX/47,XXX. IRRs and HRs for
subanalyses of hospital diagnoses and prescribed medication
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were provided in case of a statistically significant difference
between either patients with 47, XXX and controls or be-
tween patients with 46,XX/47, XXX and controls. If sig-
nificant, but with the event of interest observed for only 1
case, the results are not provided because the level of inci-
dence may go beyond pure coincidence.

All analyses were performed using StataCorp.
2019. Stata Statistical Software: Release 16 (StataCorp
LLC, College Station, TX). P < .05 was considered to be
statistically significant.

Data were accessed by a secure remote access to Statis-
tics Denmark. To avoid the possibility of personal identifi-
cation, Statistics Denmark prohibits specification of the
exact number of cases with a given registration if <4, and
thus, the number of cases are reported here as n < 4.

Results

A total of 163 females with a 47, XXX or 46,XX/47, XXX
karyotype were registered in the DCCR during 1960 to
2014. Of those, 2 were excluded because of an invalid
identification number and 1 because of a registration error,
leaving a study cohort of 160 females (47, XXX: n = 103;
46,XX/47,XXX: n = 57) and 16,000 controls. The period
from the start of registration to the end of study was 38 years
for hospital diagnoses (47, XXX: 3651 person-years; 46,XX/
47,XXX: 1819 person-years) and 19 years for reimbursed
prescriptions  (47,XXX: 1797 person-years; 46,XX/
47,XXX: 793 person-years). Mean age at the end of follow-
up was 29.2 years for 47,XXX and 53.8 years for 46,XX/
47, XXX.

Hospital diagnoses

Both 47, XXX and 46,XX/47, XXX were associated with a
significant increased occurrence of hospital diagnoses
compared with controls (47,XXX: IRR = 2.1, CI = 1.7-2.5;
46,XX/47,XXX: IRR = 1.3, CI = 1.01-1.8) (Figure 1A and
B), and the time to first registration of any hospital diagnosis
was significantly reduced for those with 47, XXX and
46,XX/47,XXX when compared with controls (47,XXX:
HR = 1.4, CI = 1.1-1.8; 46,XX/47,XXX: HR = 1.4, CI =
1.04-1.8) (Figure 2).

Dividing diagnoses into organ-specific groups according
to ICD-10 chapters, females with 47,XXX had significantly
more registrations of diagnoses than controls in 14 of 19
chapters (Figure 1A, Table 1) and females with 46,XX/
47,XXX had significantly more registrations than controls in
4 chapters (Figure 1B, Table 1).

Among females with 47, XXX, diagnoses of mental and
behavioral disorders were significantly increased overall,
and specifically, there was an increased risk of intellectual
disability, behavioral, and emotional disorders and of

disorders of speech, language, and scholastic skills. Intel-
lectual disability was also significantly increased among
females with 46,XX/47, XXXX.

Infertility and recurrent miscarriages were substantially
increased in females with 46,XX/47,XXX but not in females
with 47,XXX, whereas both groups had an increased
occurrence of pregnancies with abortive outcome and
hemorrhage in early pregnancy. Among females with
47, XXX, we found an increased occurrence of diagnoses
related to absent, scanty, and rare menstruation cycles.

Diagnoses related to congenital malformation and genetic
conditions occurred much more frequently in females with
47,XXX and females with 46,XX/47,XXX compared with
controls, and among females with 47, XXX, the variety of
malformations extended to virtually every organ system.
Disorders related to the perinatal period were significantly
more common in both groups.

Concerning diagnoses related to endocrine and metabolic
disorders, type 2 diabetes and diabetes in pregnancy were
significantly increased among females with 47, XXX but not
among those with 46,XX/47,XXX. Conversely, females
with 46,XX/47, XXX, but not those with 47, XXX, had an
increased occurrence of osteoporosis.

Among other diagnoses observed with increased fre-
quency in females with 47, XXX but not in those with
46,XX/47,XXX were thrombophilia, venous thrombosis
and pulmonary embolism, episodic and paroxymal disor-
ders, a variety of eye disorders, hearing loss, pneumonia and
asthma, dental disorders, constipation, cholelithiasis, and
certain infectious diseases (Table 1).

Prescribed medication

The overall risk of having any medication prescribed did not
differ significantly from controls for females with 47,XXX
(HR = 1.2, CI = 0.9-1.4) nor for females with 46,XX/
47,XXX (HR = 1.1, CI = 0.8-1.4) (Figure 3A and B).
However, because of the massive comorbidity as interpreted
from registrations of hospital diagnoses, we also divided
prescribed medication in groups according to the Anatom-
ical Therapeutic Chemical System classification.

Thereby, for both females with 47, XXX and those with
46,XX/47,XXX, we observed a significant increased risk of
being prescribed medication related to the alimentary tract
and metabolism. Moreover, females with 47,XXX had a
significantly increased risk of being prescribed medication
related to the nervous and respiratory system in addition to
medication related to eye and ear. Dermatologicals and
antineoplastic and immunomodulating medication were
significantly increased in females with 46,XX/47 XXX
(Figure 3A and B, Table 2). Sex hormone replacement
therapy was significantly increased in both groups and
contraceptives for systemic use were significantly decreased
in females with 47, XXX (Table 2).



478 A. Berglund et al.

A 47, XXX females B 46,XX/47,XXX females
Overall L o
Infections o =H—0—
Neoplasms  — s —e—
Blood —e— I @ |
Endocrine and metabolism —eo— H——
Mental —e— —e—
Nervous system —e— —eo—
Eye —e— H—e—
Ear —e— —0o——
Circulatory e —to—
Respiratory o
Oral cavity and gastrointestinal o
Skin H—e— —e—
Connective tissue and bones o
Urogenital I—ﬂ' -
Pregnancy and birth o
Perinatal —e— ——
Congenital malformations —e— | e |
Other [ He—
External o |-T-|
0.1 1 10 100 0.1 1 10 100
Incidence rate ratio Incidence rate ratio
(log scale) (log scale)

Figure 1  Hospital diagnoses in females with 47,XXX syndrome. Diagnoses are divided into chapters according to the 10th Revision of
International Classification of Diseases. A. Females with 47, XXX. B. Females with 46,XX/47,XXX.
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Figure 2 Time to first hospital diagnosis in females with 47,XXX syndrome. Proportion of females with 47,XXX and females with
46,XX/47,XXX and their controls being registered with a hospital diagnosis for the first time. Please note that the age-matched control groups
for the 47,XXX and the 46,XX/47,XXX groups do not follow the same trajectory. This is because the control group for the 46,XX/47, XXX
group is considerably older than the control group for the 47, XXX group.



Table 1

Hospital diagnoses in 47,XXX syndrome

Number of
Number of Females
1CD-10 Females With Number of with 46,XX/ Number of
Diagnosis Code ICD-8 Code 47, XXX (%) Controls (%) IRR (95% CI) 47,XXX (%)  Controls (%) IRR (95% CI)
Infectious diseases A-B 000-136 29 (28.2) 1547 (15.0) 2 6 (1.6-4.3) 10 (17.5) 818 (14.4) 2.1 (0.7-5.7)
Neoplasms 00-D48 140-239 8 (7.8) 1380 (13.4) 7 (0.3-1.6) 16 (28.1) 1724 (30.2) 7 (0.4-1.3)
Blood and blood-forming organs D50-D89 280-289 9 (8.7) 350 (3.4) 1(1.5-11.3) 5 (8.8) 363 (6.4) 3 (0.2-80.9)
Aplastic and other anemias D60-D64 284-285 5 (4.9) 131 (1.3) 6 (1.9-23.2) <4 (<7.0) 195 (3.4) 1 (0.3-4.0)
Coagulation defects, other D68 286 4 (3.9) 3 (0.4) 38 8 (7.1-213.7) 0 (0) 32 (0.6) NA
Thrombophilia D685 NA 4 (3.9) 3(0.2) 5 .8 (16.9-198.1) 0 (0) 10 (0.2) NA
Endocrine and metabolism E 240-279 22 (21.4) 1483 (14.4) 3 (1.2-4.5) 17 (29.8) 1367 (24.0) 8 (0.9-3.8)
Diabetes type 2 E119 250 5 (4.9) 133 (1.3) 7 (1.3-26.1) <4 (<7.0) 239 (4.2) 7 (0.2-3.3)
Parathyroid E20-E21 252 0 (0) 8 (0.2) NA <4 (<7.0) 30 (0.5) 36 0 (1.3-972.1)
Mental and behavioral disorders F 290-315 22 (21.4) 837 (8.1) 4.3 (2.2-8.4) 5 (8.8) 656 (11.5) 0.5 (0.2-1.5)
Intellectual disability F70-79 310-315 6 (5.9) 4 (0.3) 5.0 (1.8-14.1) 4 (7.0) 9 (0.2) 40.0 (11.0-145.9)
Disorders of speech, language, F80-F81 30609-30619 <4 (<3.8) 4 (0.04)  2884.0 (188.4-44138.6) 0 (0) <4 (<0.1) NA
and scholastic skills
Behavioral and emotional disorders ~ F90-F98 30629-308 <4 (<3.8) 73 (0.7) 8.3 (1.3-51.6) 0 (0) 21 (0.4) NA
Nervous system G 320-358 17 (16.5) 853 (8.3) 3.2 (1.6-6.7) 10 (17.5) 752 (13.2) 1.3 (0.6-3.0)
Episodic and paroxymal disorders G40-G47 345-346 12 (11.7) 445 (4.3) 4.8 (2.0-11.6) 5 (8.8) 340 (6.0) 1.3 (0.4-3.6)
34700-34709
Eye and adnexa H00-H59 360-379 16 (15.5) 842 (8.2) 4.2 (1.9-9.4) 9 (15.8) 839 (14.7) 7 (0.8-3.6)
Disorders of refraction and H52 370 <4 (<3.8) 85 (0.8) 7.5 (1.5-36.4) <4 (<7.0) 63 (1.1) 5 (0.2-10.1)
accommodation
Visual disturbances, blindness, H53-H54 37729-37739 4 (3.9) 6 (0.6) 16.3 (3.5-75.1) 0 (0) 48 (0.8) NA
and low vision 379
Ear H60-H95 380-389 16 (15.5) 775 (7.5) 1 (1.4-6.7) 5 (8.8) 531 (9.3) 0.6 (0.2-1.7)
Hearing loss H90-H91 388-389 6 (5.9) 203 (2.0) 7 (1.7-18.5) <4 (<7.0) 292 (5.1) 0.3 (0.1-1.4)
Circulatory system I 390-458 19 (18.4) 1246 (12.1) 5 (0.9-2.7) 12 (21.1) 1853 (32.5) 1.3 (0.5-3.7)
Pulmonary embolism 126 45099 <4 (<3.8) 42 (0.4) 12 2 (1.6-92.8) 0 (0) 57 (1.0) NA
Venous thrombosis 180-182 451-453 7 (6.8) 187 (1.8) 1 (1.9-18.9) <4 (<7.0) 261 (4.6) 5 (0.1-2.5)
Respiratory system J 460-519 37 (35.9) 2440 (23.7) 1 (1.3-3.5) 18 (31.6) 1480 (26.0) 1 (0.5-2.4)
Pneumonia J12-318 480-486 13 (12.6) 590 (5.7) 2 (1.1-4.4) 4 (7.0) 523 (9.2) 8 (0.2-2.4)
Chronic lower 340-347 490-493, 518 10 (9.7) 641 (6.2) 8 (1.1-6.9) 4 (7.0) 430 (7.5) 6 (0.2-2.1)
respiratory disease
Asthma J45-146 493 10 (9.7) 537 (5.2) 2.8 (1.1-6.8) <4 (<7.0) 236 (4.1) 1.0 (0.2-4.8)
Oral cavity and gastrointestinal K 520-577 35 (34.0) 2288 (22.2) 2.8 (1.8-4.5) 19 (33.3) 1947 (34.2) 1 (0.5-2.5)
system
Diseases of hard tissue of K02-K03 521 5 (4.9) 8 (0.7) 11.5 (2.6-50.9) <4 (<7.0) 36 (0.6) 3.2 (0.2-54.9)
teeth, including caries
Diseases of pulp and Ko4 522 <4 (<3.8) 1(0.3) 10.4 (2.0-52.8) 0 (0) 27 (0.5) NA
periapical tissues
Constipation K590 56400, 56409 10 (9.7) 307 (3.0) 8.1 (3.0-21.7) <4 (<7.0) 173 (3.0) 0.9 (0.2-4.5)
(continued)

|e 19 pumbiag 'y

6Ly



Table 1 Continued

Number of
Number of Females
ICD-10 Females With Number of with 46,XX/ Number of
Diagnosis Code ICD-8 Code 47,XXX (%) Controls (%) IRR (95% CI) 47,XXX (%)  Controls (%) IRR (95% CI)
Cholelithiasis K80 574 6 (5.8) 331 (3.2) 3.1 (1.2-7.8) 5 (8.8) 385 (6.8) 1 4 (0.5-3.8)
Skin and subcutaneous tissue L00-L08 680-709 13 (12.6) 1029 (10.0) 1.6 (0.7-3.3) 12 (21.1) 768 (13.5) 3 (1.1-9.8)
Infections L00-L08 680-686 8 (7.8) 428 (4.2) 2.5 (0.96-6.6) 7 (12.3) 302 (5.3) 8 (1.3-35.2)
Urticaria L50 708 <4 (<3.8) 3 (0.9) 1.3 (0.2-6.8) <4 (<7.0) 58 (1.0) 10 9 (1.2-97.6)
Musculoskeletal system M 710-738 34 (33.0) 2667 (25.9) 1.8 (1.1-2.8) 27 (47.4) 2376 (41.7) 1(0.8-1.7)
and connective tissue
Osteoporosis M80-M82 723 <4 (<3.8) 133 (1.3) 0.5 (0.1-3.1) 5 (8.8) 251 (4.4.) 3.8 (1.4-9.9)
Genitourinary system N 580-629 24 (23.3) 2700 (26.2) 0.96 (0.6-1.5) 34 (59.6) 2563 (45.9) 2.1 (1.4-3.4)
Absent, scanty, and N91 62600-62619 <4 (<3.8) 40 (0.4) 15.0 (2.8-79.9) <4 (<7.0) 31 (0.5) 3.7 (0.2-67.6)
rare menstruation,
including primary amenorrhea
Habitual aborter N96 NA 4 (3.8) 2 (0.1) NA 9 (15.8) 13 (0.2) 112 6 (39.0-325.2)
Infertility N97 628 4 (3.9) 351 (3.4) 1.2 (0.4-3.3) 12 (21) 327 (5.7) 1 (2.2-7.7)
Pregnancy and birth 0 630-677 33 (32.0) 3972 (38.6) 1.2 (0.8-1.7) 3 (57.9) 3187 (55.9) 4 (0.98-1.9)
Pregnancy with abortive outcome 000-008 640-645 22 (21.4) 1795 (17.4) 1.9 (1.2-3.1) 8 (49.1) 1424 (25.0) 7 (2.6-5.1)
Abortion, not induced 000-003 643-645 13 (12.6) 831 (8.1) 2.4 (1.4-4.3) 21 (36.8) 702 (12.3) 0 (4.1-8.9)
Maternal disorders predominantly 020-029 630, 632-633 13 (12.6) 1010 (9.8) 2.4 (1.3-4.6) 18 (31.6) 750 (13.2) 0 (1.08-3.8)
related to pregnancy 63470-63477
635-636 638-
639
Hemorrhage in early pregnancy 020 632 6 (5.8) 420 (4.1) 2.2 (0.9-5.1) 13 (22.8) 413 (7.2) 2.8 (1.7-4.6)
Diabetes in pregnancy 024 63474 5 (4.9) 95 (0.9) 4.9 (1.8-13.4) 0 (0) 5 (0.1) NA
Disorders related to the P 760-779 26 (25.2) 1348 (13.1) 3.1 (1.5-6.8) 4 (7.0) 119 (2.1) 7.0 (2.3-21.5)
perinatal period
Congenital malformations Q 740-759 60 (58.3) 773 (7.5) 151.8 (81.3-283.3) 9 (15.8) 282 (4.9) 11.7 (2.6-51.8)
and genetic disorders
Eve, ear, face, neck Q10-Q18 744-745 5 (4.9) 184 (1.8) 7.6 (1.4-41.0) <4 (<7.0) 75 (1.3) 7.3 (1.9-28.8)
Malformations of ear, other Q17 74519-74539 <4 (<3.8) 4 (0.7) 2.9 (0.6-13.5) <4 (<7.0) 6 (0.1) 29.4 (2.3-165.8)
Circulatory system 020-028 746-747 8 (7.8) 110 (1.1) 356.1 (21.2-5978.3) 0 (0) 24 (0.4) NA
Malformations of cardiac septae Q21 74629-74639 5 (4.9) 7 (0.5) 769.8 (31.4-18843.5) 0 (0) 9 (0.2) NA
74640-74649
74659
Respiratory system Q30-Q34 748 <4 (<3.8) 21 (0.2) 64.4 (3.0-1380.2) 0 (0) 14 (0.2) NA
Gastrointestinal 035-045 749-751 <4 (<3.8) 56 (0.5) 12.6 (0.3-556.1) <4 (<7.0) 24 (0.4) 8.1 (0.2-339.4)
Cleft palate Q35 74909 <4 (<3.8) 12 (0.1) 42.0 (5.2-341.5) 0 (0) <4 (<0.1) NA
Female genital organs Q50-Q52, 75200-75209 <4 (<3.8) 25 (0.2) 115.0 (9.5-1395.8) <4 (<7.0) 19 (0.3) 92.5 (5.2-1648.2)
Q56-Q64  75250-75279

75281, 75283
75289-75299

(continued)

08Y

e 32 pumbiag 'y



A. Berglund et al.

481

Table 1 Continued

Number of

Females
with 46,XX/

47, XXX (%)

Number of

Number of

Number of
Controls (%)

Females With

ICD-10

IRR (95% CI)

Controls (%)

IRR (95% CI)
9.4 (2.8-31.5)
17.3 (1.9-160.9)
45.5 (8.3-249.3)

47, XXX (%)

ICD-8 Code
754-756

Code
Q65-Q79

Q66

Diagnosis

2.7 (0.3-23.3)
18.9 (2.2-163.0)
1.9 (0.2-23.2)

86 (1.5)

<4 (<7.0)
<4 (<7.0)
<4 (<7.0)

291 (2.8)

10 (9.7)
<4 (<3.8)

Musculoskeletal system
Deformities of feet

86 (1.5)

78 (0.8)
80 (0.8)

75400-75409
75709-75929

29 (0.5)

7 (6.8)

Q80-089

Other congenital malformations

75969-75999
75930-75959

47043.9

4 (0.1)

936.0 (377.8-2319.0) <4 (<7.0)

14 (0.1)

48 (46.6)

Q90-099

Chromosomal abnormalities

(829.1-2669336)

(0.8-2.2)

2449 (43.0) 1.3

25 (43.9)

2.8 (1.9-4.2)

3606 (35.0)

47 (45.6)

780-796

R

Symptoms and abnormal findings,

not elsewhere classified
External causes of morbidity

0.99 (0.7-1.3)

4120 (72.3)

39 (68.4)

1.4 (1.08-1.9)

7277 (70.7)

69 (67.0)
IRRs for chapters according to the ICD-10. According to ethics regulations, the exact number of cases with a given diagnosis is not provided if <4.

800-999

STVX Y

ICD-8, Eighth Revision of International Classification of Diseases; ICD-10, 10th Revision of International Classification of Diseases; IRR, incidence rate ratio; NA, not applicable.

Discussion

In this nationwide study of administrative, longitudinally
collected data on hospital diagnoses and prescribed medi-
cations, females with 47,XXX and females with 46,XX/
47,XXX had a significantly increased overall occurrence of
hospital diagnoses but not of prescribed medications. Both
females with 47,XXX and those with 46,XX/47,XXX had a
significantly increased occurrence of a variety of specific
diagnoses and medications. Assessed from the number of
affected diagnoses and prescriptions, the 47, XXX karyotype
was associated with the most severe comorbidity burden
when compared with controls.

Diminished ovarian reserve and accelerated loss of
ovarian function have long been casuistically reported in
females with 47,XXX syndrome4, and among 110 females
incidentally diagnosed with 47,XXX in the United Kingdom
Biobank study age at natural menopause was significantly
lower than in females with a 46,XX karyotype.'' Moreover,
genetic screening of patients diagnosed with primary
ovarian insufficiency (POI), showed a 47,XXX karyotype in
up to nearly 4% of cases (range = 0.6%-3.8%),'”"" thus
higher than the prevalence of 47,XXX syndrome in the
general population. In a recent study of girls and adolescents
(n = 15) with 47, XXX syndrome, in which measurements of
anti-Miillerian hormone (AMH) concentrations were used as
biomarkers of ovarian reserve, AMH concentrations were
significantly lower in females with 47,XXX syndrome than
in controls. Moreover, for two-thirds of the adolescents,
AMH levels were below the range of normal for age.'® Very
little research has, however, been conducted on the rela-
tionship between 47,XXX syndrome and POI or early
menopause. In this study, females with 47, XXX had a
significantly increased occurrence of hospital diagnoses
related to absent, scanty, and rare menstruation and among
both females with 47, XXX and those with 46,XX/47, XXX,
hormone replacement therapy was significantly increased,
thus supporting presence of an extra X chromosome as a
strong risk factor for ovarian dysfunction.

Successful pregnancies of women with 47,XXX syn-
drome have been reported, 17 and in the UK Biobank study,
females with 47,XXX syndrome had a similar number of
pregnancies and no higher number of pregnancy loss than
females with 46,XX."" In contrast, we previously reported
that the proportion of females diagnosed with 47,XXX
syndrome who become mothers are significantly reduced
compared with controls.'® In this study, 47,XXX and
46,XX/47,XXX were associated with a markedly increased
occurrence of pregnancy with abortive outcomes and hem-
orrthage during early pregnancy. Moreover, we found a
significantly increased occurrence of diagnoses of infertility
and recurrent miscarriage in females with 46,XX/47, XXX
compared with controls, however not in females with
47,XXX. We do not consider this as an expression of better
fertility in females with 47,XXX than in females with
46,XX/47, XXX, but rather a consequence of the seemingly
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Figure 3 Prescribed medication in females with 47,XXX syndrome. Prescriptions are divided in chapters according to the
Anatomical Therapeutic Chemical classification. In parentheses, the number of cases and controls having at least 1 record within the given
chapter is shown. A. Females with 47, XXX. B. Females with 46,XX/47,XXX. excl., exclusive.

more severe phenotype in females with 47, XXX, which may
reduce their likeliness to cohabitate and thus in turn reduce
their likeliness to experience fertility and pregnancy prob-
lems. The significantly reduced use of contraceptives among
females with 47,XXX supports this consideration. Recom-
mendations for fertility counseling and preservation exist for
patients at high risk for infertility, here among for patients
with Turner syndrome, who are known to have rapidly
decreasing ovarian reserve from a very young age.'’
Because far less information is available to assist health
care providers in facilitating long-term discussions
regarding this issue in 47,XXX syndrome, no such recom-
mendations currently exist. Our findings underline the very
importance of future studies to focus on fertility and the
etiologies of infertility in patients with 47, XXX syndrome.

We found an increased occurrence of antiobesity pre-
scriptions as well as of registrations of type 2 diabetes
mellitus (DM2) and anti-diabetic prescriptions (except in-
sulins) among females with 47,XXX. Ovarian dysfunction
with early menopause or POI are well-known risk factors for
developing metabolic syndrome and DM2 owing to a
shorter exposure of endogenous estrogen, which may have a
protective role on pancreatic f-cell function and insulin
resistance.”’ Thus, we speculate whether the increased
occurrence of obesity and DM2 in females with 47, XXX in
this study indeed relates to an increased occurrence of
ovarian dysfunction. Lifestyle factors such as dietary intake
and exercise of course also play a central role in the
development of DM2 and obesity. However, these cannot be
accounted for in the current study. Another well-known,
long-term effect of early menopause or POI is osteopo-
rosis, and in this study, we found an increased risk of
osteoporosis in females with 46,XX/47,XXX, whereas this

was not the case in females with 47,XXX. The most likely
explanation for this difference might be that females with
47, XXX were comparatively younger than females with
46,XX/47,XXX at the end of follow-up, and that the dele-
terious effects of hypogonadism on bone metabolism have
not yet appeared.

It is well-known that autoimmune diseases are more
likely to occur in patients with Turner and Klinefelter syn-
drome than in the general population,”’** and autoimmune
mechanisms seem to be part of the underlying etiology in up
to 30% of cases of POL> Accordingly, based on a number
of case reports of the coexistence of autoimmune disease,
including autoimmune thyroid diseases, and POI in females
with 47, XXX syndrome, autoimmunity has been suggested
as the pathophysiological mechanism of ovarian dysfunction
in 47, XXX syndrome.'>*** It is also speculated whether
autoimmune thyroid disorders could be analogous to that
observed in Turner and Klinefelter syndrome.'” This study
revealed no association between 47,XXX syndrome and
autoimmune diseases, neither when evaluating hospital di-
agnoses nor when evaluating prescribed medication (data
not shown), and among those recorded with diagnoses
potentially related to ovarian dysfunction, concomitance
with a diagnosis of an autoimmune disease was observed in
only 1 case. This study therefore does not support the hy-
pothesis that females with a supernumerary X chromosome
have a predisposition for autoimmune disease.

Sex chromosome trisomies are a risk factor for subopti-
mal neurodevelopment, including learning disabilities and
impairment of language, social cognition, and executive
function. Further, they present a risk factor for significant
neurodevelopmental disorders such as autism spectrum
disorders and attention deficit hyperactivity disorder.”®~*



Table 2  Prescribed medication in 47,XXX syndrome

ATC Number of Number of Number
Medication Code 47, XXX (%)  controls (%) HR (95% CI) of 46,XX/47,XXX (%)  Number of controls (%) HR (95% CI)
Alimentary tract and metabolism A 62 (60.2) 5087 (49.4) 1.6 (1.2-2.1) 40 (70.2) 3663 (64.3) 1.7 (1.2-2.3)
Stomatological preparations A01 30 (29.1) 1995 (19.4) 1.7 (1.2-2.4) 9 (15.8) 991 (17.4) 1.04 (0.5-2.0)
Caries prophylactic agents A01AA 9 (8.7) 211 (2.0) 4.9 (2.5-9.7) 0 (0) 139 (2.4) NA
Corticosteroids A01AC 4 (3.9) 136 (1.3) 3.1 (1.1-8.4) <4 (<7.0) 110 (1.9) 2.1 (0.5-8.7)
Acid related disorders A02 35 (34.0) 2312 (22.4) 2.1 (1.5-3.0) 23 (40.4) 2518 (44.2) 1.4 (0.9-2.1)
Functional gastrointestinal disorders A03 23 (22.3) 1527 (14.8) 2.0 (1.3-3.0) 18 (31.6) 1306 (22.9) 1.8 (1.1-2.9)
Antiemetics A04 <4 (<3.9) 139 (1.3) 1.7 (0.4-6.8) 4 (7.0) 102 (1.8) 4.4 (1.6-12.0)
Drugs for constipation A06 15 (14.6) 649 (6.3) 3.2 (1.9-5.3) 11 (19.3) 620 (10.9) 2.9 (1.6-5.3)
Antiobesity preparations A08 12 (11.7) 703 (6.8) 2.0 (1.1-3.5) 10 (17.5) 791 (13.9) 1.5 (0.8-2.7)
Antidiabetics A10 8 (7.8) 276 (2.7) 3.3 (1.6-6.7) 4 (7.0) 329 (5.8) 1.4 (0.5-3.8)
Blood glucose lowering drugs, excl. Insulins A10B 7 (6.8) 224 (2.2) 3.6 (1.7-7.7) 4 (7.0) 295 (5.2) 1.6 (0.6-4.2)
Blood and blood forming organs B 18 (17.5) 1380 (13.4) 1.5 (0.96-2.5) 17 (29.8) 1713 (30.1) 1.2 (0.7-1.9)
Antithrombotic agents Bo1 10 (9.7) 589 (5.7) 2.0 (1.05-3.7) 10 (17.5) 957 (16.8) 1.2 (0.6-2.3)
Cardiovascular system C 29 (28.2) 3291 (32.0) 1.1 (0.7-1.5) 29 (50.9) 3331 (58.4) 0.9 (0.6-1.4)
Dermatologicals D 78 (75.7) 8193 (79.5) 1.1 (0.9-1.4) 43 (75.4) 4303 (75.5) 1.4 (1.1-1.9)
Genito-urinary system and sex hormones G 57 (55.3) 5892 (57.2)  0.95 (0.7-1.2) 38 (66.7) 3820 (67.0) 1.2 (0.9-1.7)
Hormonal contraceptives, systemic GO3A 38 (36.9) 4868 (47.3) 0.7 (0.5-0.9) 23 (40.4) 2407 (42.2) 1 (0.7-1.7)
Estrogens G03C 12 (11.7) 831 (8.1) 1.7 (0.97-3.0) 17 (29.8) 1151 (20.2) 1.8 (1.1-2.9)
Progestogens G03D 12 (11.7) 718 (7.0) 2.0 (1.1-3.5) 13 (22.8) 599 (10.5) 2.8 (1.6-4.8)
Progestogens and estrogens in combination GO3F 11 (10.7) 391 (3.8) 3.2 (1.7-5.8) 12 (21.1) 498 (8.7) 3.8 (1.9-6.0)
Gonadotropins and other ovulation stimulants G03G 4 (3.9) 442 (4.3) 1.0 (0.4-2.7) 10 (17.5) 316 (5.5) 4.1 (2.2-7.7)
Systemic hormones, except sex hormones and insulins  H 2 (21.4) 1863 (18.1) 1.5 (0.98-2.3) 20 (35.1) 1826 (32.0) 1.2 (0.8-1.8)
Antiinfectives for systemic use J 93 (90.3) 9487 (92.1) 1.1 (0.9-1.3) 46 (80.7) 5038 (88.4) 1.1 (0.8-1.5)
Antineoplastics and immunomodulating medication L <4 (<3.9) 275 (2.7) 0.4 (0.06-3.0) 5 (8.8) 215 (3.8) 2.7 (1.1-6.5)
Musculoskeletal system M 2 (50.5) 5012 (48.7) 1.3 (0.99-1.7) 41 (71.9) 4110 (72.1) 1.2 (0.9-1.6)
Anti-inflammatory and anti-rheumatic products Mo1 52 (50.5) 4934 (47.9) 1.4 (1.04-1.8) 41 (71.9) 4033 (70.8) 1.1 (0.8-1.6)
Pain, topical products M02 <4 (<3.9) 199 (1.9) 1.8 (0.6-5.6) 7 (12.3) 226 (4.0) 4.2 (2.0-9.0)
Nervous system N 55 (53.4) 4481 (43.5) 1.8 (1.4-2.3) 38 (66.7) 3877 (68.0) 1.3 (0.97-1.8)
Anesthetics NO1 4 (<3.9) 140 (1.4) 1.6 (0.4-6.4) <4 (<7.0) 63 (1.1) 6.1 (1.9-19.6)
Analgetics NO2 39 (37.9) 3308 (32.1) 1.7 (1.2-2.3) 34 (64.9) 3145 (55.2) 1.6 (1.1-2.2)
Opioids NO2A 29 (28.2) 1983 (19.3) 2.0 (1.4-2.9) 28 (49.1) 2202 (38.6) 1.7 (1.2-2.5)
Antiepileptica NO3 9 (8.7) 506 (4.9) 2.2 (1.1-4.2) 6 (10.5) 494 (8.7) 1.3 (0.6-2.8)
Anti-Parkinson medication NO4 5 (4.9) 171 (1.7) 3.9 (1.6-9.6) <4 (<7.0) 239 (4.2) 0.5 (0.1-3.4)
Psycholeptica NO5 27 (26.2) 2127 (20.7) 1.5 (1.00-2.1) 24 (42.1) 2196 (38.5) 1.4 (0.94-2.1)
Antipsychotica NO5A 12 (11.7) 563 (5.5) 2.8 (1.6-5.0) <4 (<7.0) 517 (9.1) 0.7 (0.2-2.1)
Hypnotica and sedatives NO5C 15 (14.6) 1217 (11.8) 1.4 (0.8-2.3) 20 (35.1) 1387 (24.3) 1.9 (1.2-3.0)
Psychoanaleptica NO6 30 (29.1) 1856 (18.0) 2.2 (1.5-3.2) 15 (26.3) 1644 (28.8) 1.1 (0.6-1.8)
Antidepressives NO6A 27 (26.2) 1785 (17.3) 2.1 (1.4-3.0) 15 (26.3) 1621 (28.4) 1.1 (0.6-1.8)
Agents used for ADHD and nootropics NO6B 4 (3.9) 157 (1.5) 2.9 (1.07-7.8) 0 (0) 46 (0.8) NA
Antiparasitics, insecticides and repellents P 38 (36.9) 4034 (39.2)  1.03 (0.7-1.4) 25 (43.9) 2319 (40.7) 1.2 (0.8-1.9)
Respiratory system R 71 (68.9) 6920 (67.2) 1.3 (1.03-1.7) 40 (70.2) 3934 (69.0) 1.4 (0.99-1.9)
(continued)

|e 19 pumbiag 'y

£8Y



L
eta
Berglund
A.

484

of
e
nc .
ccurre with
d o les .
e h
reas fema wit
inC leS -
n ng
found ia ty amo fem? deVeloIa)s
i '
. 1y7 e disabi Amonlg'ence OiC skll-lsnal
rising ctual XX. d occu holast motio
ot surp intelle X/47.X ease nd sc and e ith an
n f icr and 1 w -
Thus’ €S O 46’X d an uage, viora 'ated. h per
. £nos and foun h lang beha SSOC1 ficit . Sy-
dia X Iso ech, to s a de ntip
XX ea spe lated wa tion of a the
47, X w s of re XX tten ions that
XX. der ses 47X for a iptio W tha hly
479 dlsOr . no . N S Crlp sho . hlg R
1ag.n,_ n es ies s.
25 ent of d dditio riptio for pr tudie me 1 SIS 18
STE 5 m 1l as In a resc as ical s ndro diagno of
— . 1 1 1
ae A = Weorders- risk of fs well s (311‘7l XXX ;)ér the number os
—~ " v o 1S : €s. m
[N - 33 S di aSed. rder ress1v in 47, whet se a outco er
roliiy ) o n pS o incre SO . P le n u d th
< N — -7 N <Z( A S O o mc ty dl antlde 1 proﬁ dlng o becai TOVE Whe lly
— - i Z S . ivi imp te
— N - 0 o — o - o o ctiv nd nta cn ally m lai ta
—~ S S o > activ a e ep at rd culate en
,_.(\IJ@,\_ S - ics m s d stn a e incid :
= S3ss LR Chotodevelgppefhap or p(()lency 2031 We EZing lncscreenlrﬁ
[5) i
a SASH < - eur an lly n 8, to : 1y
= n ta te . ients . e
S N : 2 S - 'able prena rteda cases patlen OW]ng ore llk are
T3 SRR Vlizlined e repo rtained more eg, thus mX who ms
T2 - v e to ing, d X to
AAN,\HV 0) ies ha asc e tti n X mp
o 2 Sitets die lly asce du I se  with 47 sy ing,
~ Aﬁﬁ,a sz §R st renata e oremats al ag “with subtle I setti be
< A6\3 : ke ~ o 53 in p differe the p d matern ales h only ostnata may I
~ ) iy =9 i m ; is. In
mf\‘“"] "’m"‘—cmm ch d in ce f fe ith ¢ ap s .
2 S) S Le su e an o w e si
£ $58 $RIC = diagnos of adv group present osed lntal Conce analytimely
s|Ea e . n
8 SR 0 2 5 becaus to the or Whots dlagHIOPme OmOSOHlllp andheless’
Sla R belong matich patien d deveg a chr followx- Nevert and
=1 Q to -t,an in r.,,ing
2 s |, asymgred wi gnitive perfofmllows f(;gnlze‘liuncuo“ome, “Z
55 M co T peric a cogn dr
5 — ) — mp e fo sis re al n an
= 2ac2 ce % where, <z, - diaglzlomys o XXX =10 d.
.vVOw w imary tal e Y 7 (n_rve'
= SV © S rim ena er dy ith 47, se d
S o i 2 33: v s 3 the ﬁion’ Pr when?vhed Stults Wlthrenatally ere (l)lb demall_
ot "\“!mmvvo S g di ion ]18_ du w te~ €
2 <@ s S 8: T o= t3 adtel'Venuoly pub'orl n setween dp Casetsesting’ arding ture
- =< [Te) ~ = . . i 3
25 TS = & - i “ewecog“ltenceS diagnoseeneuc eling ced for fu
o 2 1 . T iffer S (&
1= ~. [Ce) I3\ — 2 5 mn on ffe 4) al g un . n
ERN ~ X © e 3 ot1 t di 2 nat co 1sa been
=2 A(t\gg,.\“?c\ﬁ e € em. an = re ive re S. e
3 RN LE L sig“‘ﬁially < e in prhens and the cohors. with o
& - > o ! S ~ . 1 i is
s =979 SERR = 5 5 stna the com ease, ne at w thi
e - ; s k) 0 to d incr rtal Iform € ° In
kq'\.“."’.‘mo-o:c\"’- .- p ing an ill in sce a @lromo,2 a
— RS . B ® n <] 1 a ior m .
IRPCEY =3 S e SRR =2 Ow accuratomes VLnataﬂyd XXX Sygystem' d Wldtlhin
— N . = . .
- ~ 'O. \—1\—’”2 N £ 5 for utc pr an 7 ital ate 1
© o va — £ 8 do ge inor ith 47, 1ta Ocl, s w d
2l 3 Hva‘z @ S~ =8 cte f lar, in it en ass tions re
B Hv”} — AkQO. - pe ) 0 f m . w rog S a 1Ste
mﬂvm_ B N 8 ies of o iation he u wa form reg ly,
o g = = < 2 2o tud ety cia t e al re ingly
voHH A.\_ngﬂv s= S vari ) ting typ f m we st1 .
© I3 in a C 0 0 % ere in fe
T Aqu\mﬁe’\f\o*S “55 Ated n s affe karyrrence arly 8 m. Int ies in d
Te5 Soo g 5 84 repor at10“7 XXXd occu nd ne syste omali xcee
AG\\THVO‘_‘m‘_‘ _Qw m 4, a n te 1_
© @ R ~ © o = % alfo e ase tem, latory It a no a
- e} - i e S8 99 2 S m th incre sys ircu hea d do to m
w\mmvmgaﬂﬁ g dy, ty e o hat o ns,
c = N —~ tu T h t ar a
5 2 - 2 E S S ~& : = § ‘Sv S-gniﬁcarlvery Otigon of teported are rf'rzvith regnital Or§XX
~ —~ 3 ) 1 .
anNN T NS o s 1ly ma e r e ge 47,
2|8 S 523 TS 2 irtua Ifor hav drom 8%. ale X/ we
3 g N 3\6\‘ i 33 3 vi e ies Syn f 0. d fem 46.X er,
= © /'\az’\m NVH§N g3 tha [ud XX (VING) an ith WeV, to
A,\. mvoo\—1 S & wi ious s X nc m w ho ing
. ® ol \V4 ~ ~ ? 5 5 ou 47, ale ste se d oW
— %) ~ - X < o~ B2 eVl ith eV sy tho ted, ]y
SE ov\v\»r T = pr with prev d ffec bab :
RS © e 2y ERS S 0on nnary an a ro 1-
.z a8 238 Se3 > %3 male opulat f the u 7.XXX cantly lies, p e of d
é 3 ®2Q 9 S 2 ” g the ptiOHS [0 with 4 ’Signlﬁf anoma urren(i‘-7 XXX.
A w o 23 == a S e CC . > in
>~ el 23 = ® Tm ale b @) d o ith .
< =] (0) t
= < = 33 @ < fi h fem: d to attern S. increase les w Ortall.yted
528 g bot foun lear p f case 1nere fema f m ocia
Slsg. g |2 o Cienificantly al study of "2 clinical
P n .0 £ < d n b caj m tu lity lin
© =2 e =] Ty Wtecte d num ignlﬁ d asth ical s orta inac 74
S c S ° e imite S ia an ¢ 1C m 1
= 'E 2 2 ie llmliound amonla.gemlol-ogcrease(ii " and S am())(ngsyn_
-5 eu it n ed, ition :
81 = _é, WeSOf pn an ep 4-fold report condit 47,XX similar
v g : = agnose Sly mn me, a €S was edical with tingly’ and
—_— 1=} . ’
S .2 E & reviou syndro diseas-ated o women Interes-nefelter
) a4 P XX s tory soci ng a. Kli
. S W cns T.X 1ra as ou thm th
RS, IS = £ = 4_’ resp ating and y d as r bo
g S £ 5 2 with evalu nts, rth ha d fo
o 9 = == ] tudy dolesce ne-fou eporte
& ‘oo © 5 = S a o T
A B = 55 irls, ly en
c o EX = © £3 gir e, nearve be
2 g %E =5 £ 8 drom s ha
o wn 6 .
£3 s o5 £35° 5% finding
S @ w3 28 282 g P
£5 -§§ £ :%E%’E.s 323
g,5¢ S uw-sa-vvt E
= g ggg %‘g 8’3':.'58'%
o u-r—rvEu—B«cc’oco =
g gégaggggs<
c +— = -
b i % EEZ
= o £ > =8 <<
S 2 ‘S-.;: 255
< T 3 E 5
o~ ._6 o (2]
Q [
= =
2
(-]
'—



A. Berglund et al.

485

47XYY syndrome.”*** Thus, it appears that sex chromo-
some trisomies in some way increases susceptibility to
respiratory disease. In this study, unfortunately, we have no
information regarding smoking habits.

Gastrointestinal symptoms, including gastroesophageal
reflux, constipation, and abdominal pain, have for long been
a concern in 47,XXX syndrome.™'” Our study supports this
concern because both females with 47, XXX and those with
46,XX/47,XXX had a significantly increased risk of being
prescribed a variety of medications related to such symp-
toms, and among females with 47, XXX there was a sig-
nificant increased risk of being registered with a diagnosis of
obstipation. However, we did not detect an increased risk of
specific gastrointestinal disorders that could serve as un-
derlying organic pathology.

Dental problems and a reduction in craniofacial growth
with reduced overall length of the calvaria, the anterior and
posterior cranial bases, and the facial complex have been
described in 47,XXX syndrome.*”> Among females with
47 XXX, we found an increased risk of diseases related to
the hard tissue of the teeth and to the periapical tissues
combined with an increased occurrence of caries prophy-
lactic prescriptions. This emphasizes that oral health is
another aspect of the 47,XXX syndrome to be aware of in
the clinical follow-up of these patients.

Epilepsy is a common finding in persons with chromo-
some aberrations, and epilepsy/seizure disorders and elec-
troencephalography abnormalities have been described for a
number of females with 47,XXX syndrome.’® In the pre-
viously mentioned study by Wigby et al,” 16% of cases
were reported to have a seizure disorder, with the majority
of cases being postnatally ascertained. This study supports a
link between the presence of a supernumerary X chromo-
some and seizure disorders since females with 47,XXX had
a significantly increased occurrence of diagnoses of episodic
and paroxysmal disorders and an increased occurrence of
antiepileptic prescriptions.

We found a significantly increased risk of thrombophilia,
venous thrombosis, and pulmonary embolism among fe-
males with 47, XXX combined with a significantly increased
risk of being prescribed antithrombotic medication. Previ-
ously, we have observed a similar pattern in both Klinefelter
and 47,XYY syndrome®>*” and among males with Kline-
felter syndrome, who per definition suffer from hyper-
gonatrophic hypogonadism, we have described an
insignificantly inverse association between testosterone
treatment and venous thrombosis and thrombotic deaths.”’
Interestingly, in this study, 7 of 9 cases who were regis-
tered with a diagnosis of either venous thrombosis or
pulmonary embolism were prescribed contraceptives for
systemic use, corresponding to nearly 20% (7/38) of all
cases receiving hormonal contraceptives. We speculate
whether the extra X chromosome contributes to an under-
lying alteration in the coagulation system toward a pro-
thrombotic state and whether more caution should be paid
when deciding which contraceptive treatment to offer.

Further studies should be undertaken to evaluate thrombosis
risk in 47,XXX syndrome.

Mosaicism constitutes a major challenge for prediction of
outcome in sex chromosome abnormalities, like in all other
genetic conditions, because the outcome may depend on
both the degree of mosaicism as well as on which tissues are
affected. In this study, females with 46,XX/47, XXX were
less severely affected overall than females with 47,XXX
based on the assessment of the number of significantly
affected diagnoses and prescribed medication, which is in
line with previous reports.”

Strengths and limitations

The present study has both advantages and drawbacks to
consider when interpreting the results. Most literature on
47, XXX syndrome is dominated by case reports or small
single-center cross-sectional clinical studies in which both
ascertainment bias and recruitment bias limit the ability to
generalize findings to unselected cohorts. Epidemiological
studies allow for studying much larger cohorts and are by
design exempt from survivor bias. In this study, we present
data for a nationwide cohort of females with 47, XXX and
females with 46,XX/47,XXX and thus the study cohort can
be considered complete. However, as most females with
47, XXX syndrome remain undiagnosed,’ it is of utmost
importance to be aware that results from the current study
not necessarily may be applicable to those females. Indeed,
they may remain undiagnosed owing to presentation of an
either completely normal or just very mildly affected
phenotype not meeting the threshold for genetic testing.
Only screening of very large cohorts or even an entire
population will enable us to shed light on this intriguing
enigma. Nevertheless, the females with 47, XXX and fe-
males with 46,XX/47,XXX who are presented here repre-
sent those whom clinicians know from the daily clinic. With
the increasing use of prenatal diagnostics, it is, however,
likely that we will experience an increase in incidentally
diagnosed females with 47, XXX and females with 46,XX/
47, XXX for whom the results from the current study may
not necessarily be extrapolatable to. This is especially
important to be aware of in the prenatal setting in which
expecting parents may face a dilemma of whether to
continue the pregnancy or not.

Use of genetic screening in diagnostic work-ups is
rapidly increasing, and for conditions such as sex chromo-
some abnormalities, in which the phenotypic spectrum is
very broad, it is becoming more common to search for a
secondary genetic diagnosis in case of severe features.’
Because the registries only include cytogenetic data, we
are unable to account for cases in which an additional ge-
netic diagnosis may have been found, but because most
cases included in the study were diagnosed at a time when
additional genetic analyses were not available, we believe
that this only affects very few, if any at all. Conversely, we



486

A. Berglund et al.

also cannot account for this among controls, and hence, an
eventual impact on data will be limited.

Epidemiological studies are excellent for providing in-
formation on specific comorbidity patterns in relation to the
specific condition in question,” and the current constella-
tion of universal tax-funded health care combined with life-
long registration of health events in highly valid registries, is
a major strength of the current study. Furthermore, the
possibility of accurate individual-level linking of data from
different registries, enable us to use data on specific medi-
cations to improve the comorbidity pattern gleaned by
hospital diagnoses, although we are unable to directly link
prescriptions and indication for treatment. The use of
medication data further allows us to identify and draw more
precise conclusions on diseases that often do not lead to a
hospital encounter because often managed by general
practitioners (eg, mild depression/anxiety and DM2).

Conclusion

This nationwide study of hospital diagnoses and prescribed
medications in an unselected cohort of females diagnosed
with a 47, XXX or 46,XX/47,XXX karyotype shows that the
presence of a supernumerary X chromosome is related to a
significantly increased comorbidity burden attributable to a
wide selection of medical, psychiatricc and neuro-
developmental conditions. Overall, non-mosaic females
with 47, XXX are more severely affected than those also
presenting with a 46,XX cell line. The study does not allow
us to draw any firm conclusions regarding the specific
mechanisms for this increased comorbidity. However,
whereas some diseases may be a direct effect of the extra X
chromosome, others may be an indirect effect of a generally
poorer health status, subsequent to an inferior socioeco-
nomic status.'® The wide spectrum of associated risks un-
derlines the need for a specialized multidisciplinary
approach toward females with 47,XXX syndrome to
improve long-term outcomes. We therefore recommend
follow-up of all females who receive a diagnosis of 47,XXX
syndrome.
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