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Abstract

Context: Diabetes and cardiovascular diseases are common among men with Klinefelter syndrome (KS) and contribute to high morbidity and
mortality.

Objective: To determine if cardiometabolic-related diagnoses are more prevalent among youth with KS than matched controls in a large
population-based cohort.

Methods: Secondary data analysis of electronic health records from 6 pediatric institutions in the United States (PEDSnet). Patients included
all youth with KS in the database (n = 1080) and 4497 youth without KS matched for sex, age (mean 13 years at last encounter), year of birth,
race, ethnicity, insurance, site, and duration of care (mean 7 years). The main outcome measures were prevalence of 5 cardiometabolic-related
outcomes: overweight/obesity, dyslipidemia, dysglycemia, hypertension, and liver dysfunction.

Results: The odds of overweight/obesity (OR 1.6; 95% Cl 1.4-1.8), dyslipidemia (3.0; 2.2-3.9), and liver dysfunction (2.0; 1.6-2.5) were all higher
in KS than in controls. Adjusting for covariates (obesity, testosterone treatment, and antipsychotic use) attenuated the effect of KS on these
outcomes; however, boys with KS still had 45% greater odds of overweight/obesity (95% Cl 1.2-1.7) and 70% greater odds of liver dysfunction
(95% CI 1.3-2.2) than controls, and both dyslipidemia (1.6; 1.1-2.4) and dysglycemia (1.8; 1.1-3.2) were higher in KS but of borderline statistical
significance when accounting for multiple comparisons. The odds of hypertension were not different between groups.

Conclusion: This large, population-based cohort of youth with KS had a higher odds of most cardiometabolic-related diagnoses than matched
controls.

Key Words: cardiometabolic, diabetes, Klinefelter syndrome, sex chromosome aneuploidy, PEDSnet, population health

Abbreviations: ALT, alanine transaminase; AST, aspartate transaminase; BMI, body mass index; CVD, cardiovascular disease; EHR, electronic health record,;
HDL, high-density lipoprotein; KS, Klinefelter syndrome; LDL, low-density lipoprotein.

Klinefelter syndrome (KS) is a genetic condition in males who
have an additional X chromosome. Population-based studies
conducted in Europe have found higher morbidity and mor-
tality in men with KS due to a variety of comorbidities, par-
ticularly diabetes and cardiovascular diseases (CVDs) (1-3).
Features of metabolic syndrome, a diagnosis consisting of a
constellation of conditions reflecting systemic insulin resist-
ance that confer an increased risk for progression to type 2
diabetes and cardiac events, occur in up to 50% of men with

KS (4). Central adiposity, dyslipidemia, and dysglycemia ap-
pear to be particularly prevalent, whereas hypertension does
not (5). Although testosterone concentrations have an inverse
relationship with the presence of metabolic syndrome, treat-
ment with exogenous testosterone has not been shown to re-
store normal cardiometabolic function in KS (4, 6).

The data on cardiometabolic outcomes in youth with KS
are scarce. Ross and colleagues have conducted the majority
of published research in this area (7-9). Their work has shown
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that prepubertal boys with KS have greater adiposity, higher
insulin resistance, and lower high-density lipoprotein (HDL)
cholesterol than boys without KS, and that these metabolic
syndrome features were associated with markers of testicular
insufficiency. Two other studies have reported body fat per-
centage around 1 SD above average in adolescents and infants
with KS (10, 11). To our knowledge, these small, single-center
studies represent the only research on cardiometabolic disease
risk in youth with KS.

Although the prevalence of KS is 1 in every 600 males, the
diagnosis is often late or missed altogether, with less than
20% of boys with KS receiving a diagnosis before adulthood
(12). This has resulted in the challenges faced by rare diseases
communities, including decreased awareness and scarcity
of quality research (12-15). Recruiting meaningful sample
sizes and minimizing biases are particularly challenging for
pediatric clinical research in genetic conditions like KS. Our
current knowledge of cardiometabolic risk in KS relies pri-
marily on single-center studies that are prone to ascertain-
ment bias, limiting both generalizability and the evidence
needed to develop care guidelines that promote better out-
comes (15-17). Although there are some promising ongoing
prospective and interventional studies in KS, the field is far
behind what is needed to positively impact clinical care, and
novel approaches are sorely needed. While epidemiological
studies in the United States are challenged by the lack of a na-
tional healthcare system, innovative big health data resources
have emerged and promise to have a significant impact on
pediatric research. These sources provide the possibility of
studying relatively large numbers of children with rare or
underdiagnosed conditions such as KS.

Despite the preliminary pediatric cohort studies and con-
vincing adult data, there has been no pediatric population—
based evaluation of cardiometabolic health in KS. To address
this gap, we utilized PEDSnet, a multicenter clinical data re-
pository representing over 6 million children in the United
States, to conduct a cross-sectional analysis from electronic
health record (EHR) data on cardiometabolic risk outcomes
in boys with and without KS. We hypothesized we would ob-
serve increased odds of cardiometabolic-related diagnoses in
KS compared with matched controls.

Materials and Methods

Data Source

Data for this analysis were obtained from PEDSnet, a na-
tional clinical research network that aggregates EHR data
from large pediatric health systems representing over 6 mil-
lion children into a Common Data Model (https://pedsnet.
org) (18, 19). The PEDSnet collaborative was developed
to facilitate pediatric research across multiple nonprofit
health systems with funding from the Patient-Centered
Outcomes Research Institute. Deidentified EHR data from
6 participating pediatric organizations (Children’s Hospital
Colorado, Children’s Hospital of Philadelphia, Nemours
Children’s Health, Nationwide Children’s Hospital, St. Louis
Children’s Hospital, and Seattle Children’s Hospital) were
obtained from the PEDSnet Data Coordinating Center in
November 2019.

Inclusion criteria for both cases (KS) and controls included
male sex and at least 1 outpatient encounter in the PEDSnet
database between 2009 and 2019 at any age (Fig. 1). Cases
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were defined by a billing or problem list diagnosis code that
mapped to KS (PEDSnet concept IDs: 4228490, 40420291,
4007591, or 4007592). Individuals with a diagnosis code for
male supernumerary sex chromosome aneuploidy (48,XXYY,
48,XXXY, 49,XXXXY) were not included as these individ-
uals often present with a more severe phenotype. A pool of
197039 potential controls without a diagnosis of any known
genetic syndrome, disorder of sex development, or gender
dysphoria was also obtained. The limited data set obtained in-
cluded discrete data elements such as demographic variables,
billing and problem list diagnoses, vital signs, and laboratory
values. This study protocol was submitted to the local institu-
tional review board and determined to be nonhuman subjects
research (COMIRB #18-0887).

Sample Matching

Control group subjects were significantly different from the
cases on several demographic variables; therefore, propensity
score matching was conducted to match each case with male
controls based on 7 variables: PEDSnet site, race, ethnicity,
payer status (public/private/other), year of birth, age at most
recent encounter in PEDSnet, and duration in the PEDSnet
database (time between first and last encounter; duration
was set to 0 for individuals with a single encounter) (20, 21).
Missing or unknown information for race and ethnicity was
accommodated by including unknown as another category
for the variable. Each case was matched to 4 controls on the
propensity score using a greedy match algorithm and a caliper
width of 0.10 (22). The balance of covariates between cases
and control groups (ie, the similarity of the covariate distribu-
tions) was evaluated as a reduction in standardized mean dif-
ference, using a decision criterion of less than 0.20 to indicate
that a covariate was balanced (Fig. 2) (23). For this analysis
of cardiometabolic health outcomes, only patients >2 years of
age were included to avoid perinatal conditions that would be
unlikely to accurately reflect the cardiometabolic health con-
ditions of interest. Patients who did not have a visit >2 years
of age were excluded after matching; therefore, the final ana-
lytic cohort was not a precise 1:4 match.

Outcomes

The primary outcomes were the presence of the following
5 cardiometabolic risk conditions: overweight/obesity,
dyslipidemia, dysglycemia, hypertension, and abnormal liver
function. The presence of each of these conditions was deter-
mined by meeting the criteria defined in Table 1 for either a
corresponding billing or problem list diagnosis or at least 2
instances of objective laboratory/visit data. A combination of
coded diagnoses and objective data were used to increase the
sensitivity of identifying a cardiometabolic-related diagnosis.
Dates were not consistently associated with diagnoses, there-
fore the specific age at the time of first cardiometabolic-related
diagnosis was not available. All diagnoses utilized SNOMED
clinical terminology, including all child concepts of selected
ancestor codes, which were then mapped to PEDSnet concept
codes using Athena Observational Health Data Sciences and
Informatics Vocabulary Repository. Body mass index (BMI)
was calculated from recorded height and weight, and corres-
ponding BMI percentiles and z-scores were obtained for all
individuals under 20 years of age (24). Secondary outcomes
included continuous variables of BMI z-scores, systolic and
diastolic blood pressure, total cholesterol, HDL cholesterol,
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Figure 1. Flow diagram for the study design and final analytic cohort.
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low-density lipoprotein (LDL) cholesterol, triglycerides,
hemoglobin Alc, alanine transaminase (ALT), and aspartate
transaminase (AST) taken from their most recent recorded
measurement. A billing/problem list diagnosis of metabolic
syndrome (SNOMED concept ID 237602007) and type 2
diabetes mellitus (SNOMED concept ID 44054002) were
also explored as secondary outcomes.

Statistical Analysis

The prevalence of each of the cardiometabolic risk outcomes
were compared between cases and controls using generalized
estimating equations, which accounts for potential correl-
ation introduced during the matching procedure. Bonferroni
correction was used to account for the multiple compari-
sons of the 5 primary outcomes; therefore, P < .01 was con-
sidered statistically significant. Descriptive statistics including
the prevalence of outcomes in the cases vs control groups,
as well as OR and 95% CI were computed. Logistic regres-
sion with generalized estimating equations was performed,
adjusted for age at most recent visit (all models), and over-
weight/obesity status, documentation of a testosterone pre-
scription and documentation of an antipsychotic prescription
(due to the known adverse cardiometabolic effects of many
antipsychotic medications) to control for the contribution of
these variables to the outcomes of interest. If an individual
did not have an antipsychotic prescription or testosterone
listed in their medical record, we assumed they did not re-
ceive either. Due to the clinical interest of evaluating the role

Duration in PEDSnet
Birth year

Age at last visit
White

Black -

Asian —

Other race
Unknown race
Hispanic —
non-Hispanic -
Unknown ethnicity -
Private insurance —
Public insurance
Other insurance
Study Site 1 1
Study Site 2
Study Site 3
Study Site 4
Study Site 5
Study Site 6

r aial R e e

-1.0 -0.5

0.0 0.5 1.0

Standardized Difference

[® Unmatched A Matched |

Figure 2. Standardized difference scores between cases and controls before (circles) and after (triangles) matching. After matching, the standardized
difference was within £0.2 (dashed lines), indicating balanced match.
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of testosterone replacement on cardiometabolic health, we
further assessed these outcomes within the KS group by tes-
tosterone treatment status. For continuous variables, data-
cleaning measures included examination for outliers by visual
and statistical inspection and removal of values that were de-
termined to be biologically implausible for a pediatric popu-
lation by clinician investigators (eg, weight <0.2 or > 300 kg,
height <25 or >216 cm, etc.) Measures of central tendency

Table 1. Criteria and codes used for defining binary outcomes

Table 1. Continued
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Outcome Diagnoses, vital signs, SNOMED-CT or
or lab value criteria LOINC codes
Liver Alanine aminotransferase 166646003
dysfunction level abnormal
Nonalcoholic fatty liver 197315008
Nonalcoholic steatohepatitis 442685003
Increased aspartate 160931000119108
transaminase level
Aspartate aminotransferase 166668008

level abnormal

Elevated liver enzymes
level

AST or ALT >97.5 %ile
if <17 years® (27)

AST >35 if >17 years® (28)
ALT >33 if >17 years® (28)

707724006 (omit
707734002)

1920-8 or 1742-6

1920-8
1742-6

Outcome Diagnoses, vital signs, SNOMED-CT or
or lab value criteria LOINC codes
Overweight/ Increased BMI 4849901
obesity Obesity 414916001;
414915002
Overweight 238131007
BMI >85th %ile if <18 years® 39156-5
(24)
BMI >25 if >18 years* 39156-5
Dyslipidemia Dyslipidemia 370992007
(25) Hyperlipidemia 55822004

Dysglycemia®

Hypertension

HDL <45 mg/dL
if <18 years®

HDL <40 mg/dL
if >18 years®

Triglycerides >100 mg/dL
if <10 years®

Triglycerides >130 mg/dL
if 10-19 years?

Triglycerides >150 mg/dL
if >19 years®

LDL >100 mg/dL
if <18 years*

LDL >130 mg/dL
if >18 years®

Total cholesterol
200 mg/dL

Impaired glucose tolerance
Impaired fasting glycemia
Diabetes mellitus type 2
Chronic hyperglycemia
Dysglycemia
Nondiabetic hyperglycemia
Metabolic stress
hyperglycemia

Poor glycemic control

Hyperglycemia due to diabetes

mellitus
Hemoglobin Alc >5.7%*
Benign hypertension
Essential hypertension
Diastolic hypertension
Prehypertension
Finding of increased blood
pressure
BP >90th %ile if <13 years®
(26)
SBP >120 or DBP >80 if
>13 years?

2085-9 or 9833-5

2085-9 or 9833-5

2571-8

2571-8

2571-8

18262-6,47213-4,
2089-1, 13457-7

18262-6,47213-4,
2089-1,13457-7

2093-3

9414007
390951007
44054006
170765005
426255005
700449008
237624007

237622006
822995009

4548-4 or 17856-6
10725009
59621000
48145000
702817009
24184005

8460-8, 8454-1,
8459-0, 8455-8,

8461-6, or 8453-3

“Required 2 or more separate events meeting these criteria to minimize
abnormalities secondary to acute illness or spurious results.

*Excluded individuals with a diagnosis of type 1 diabetes mellitus.
Abbreviations: ALT, alanine aminotransferase; AST, aspartate
aminotransferase; BMI, body mass index; DBP, diastolic blood pressure;
HDL, high density lipoprotein; LDL, low density lipoprotein; SBP systolic
blood pressure.

for the most recently available measurements were compared
between cases and controls. Finally, for visualization of the
relationship of age and BMI, all available BMI measurements
were used to create loess curves for the 25th, 50th, and 75th
BMI percentiles by age for both KS and controls. All stat-
istical analyses were performed using SAS version 9.4 (SAS
Institute Inc., Cary, NC).

Results

Demographics for patients with KS (n=1080) and their
matched controls without KS (n = 4497) are shown in Table
2. The majority of the cohort was in their early teens at their
most recent PEDSnet encounter and had been followed for an
average duration of 5 years. The groups were well matched
for site and sociodemographic variables. The majority of both
cases and controls had a primary care type encounter (General
Pediatrics, Adolescent Medicine). The most commonly coded
diagnoses among all controls were well child visit, acute re-
spiratory viruses (upper respiratory infection, cough, pharyn-
gitis, otitis, rhinitis), constipation, and fever—consistent with
what would be expected in a general pediatric population.

In unadjusted models, males with KS had higher odds of
meeting criteria for overweight/obesity, dyslipidemia, and
liver dysfunction (Table 3). The odds of dysglycemia were
also higher although did not meet the statistical threshold
for significance with multiple comparisons, while the odds
of hypertension were not significantly different. Nearly
half of the sample with KS met criteria for 1 or more
cardiometabolic outcomes, with 6% meeting criteria for 3
or more, representing a 2 times greater odds over controls.
A diagnosis of metabolic syndrome (OR 12.7, 95% CI 5.4-
30.0) and type 2 diabetes mellitus (OR 2.6, 1.1-6.0) were
both greater in the KS group; however, the number of individ-
uals with these diagnoses in this sample was small, so these
results may not be reliable. Table 4 presents adjusted models
that include potential explanatory variables. The presence of
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Table 2. Demographics of the analytic sample
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Klinefelter Syndrome Controls P value
(n=1080) (n=4497)
PEDSnet site 93
Site 1 7(8.1) 406 (9.0)
Site 2 212 (19.6) 871 (19.4)
Site 3 107 (9.9) 451 (10.0)
Site 4 329 (30.5) 1320 (29.4)
Site § 266 (24.6) 1118 (24.9)
Site 6 9(7.3) 331 (7.4)
Race .83
Asian 40 (3.7) 145 (3.2)
Black 98 (9.1) 439 (9.8)
White 755 (69.9) 3100 (68.9)
Other 109 (10.1) 479 (10.7)
Unknown 78 (7.2) 334 (7.4)
Ethnicity .85
Hispanic 123 (11.4) 490 (10.9)
Non-Hispanic 877 (81.2) 3659 (81.4)
Unknown 80 (7.4) 348 (7.7)
Insurance type .05
Public 347 (32.1) 1386 (30.8)
Private 652 (60.4) 2777 (61.8)
Other 4(5.9) 213 (4.7)
Unknown 7 (1.6) 121 (2.7)
Primary care encounter 696 (64.4) 2963 (65.9) 37
Age at first encounter (years) 6.6 =5.8 6.3+5.5 52
Age at most recent encounter (years) 13.5+6.0 13.1+5.2 .02
Duration in PEDSnet (years) 7.0=x52 6.8+54 27
Age at first KS diagnosis (years) 8.7+5.9 —
Age at most recent KS diagnosis (years) 123 +6.1 —
Testosterone prescription 301 (27.9) 15 (0.33) <.001*
Age at first prescription 15.1 (13 3-16.8) 14.2 (13.5-15.8) .39
Antipsychotic medication prescription 4 (6. 124 (2.8) <.001¢

Data are shown as n (%), mean = standard deviation or median (25-75th %ile).

“Statistically significant at an alpha of .01.

overweight/obesity was significantly associated with all out-
comes and slightly attenuated the effect of KS on diagnoses of
dyslipidemia and liver dysfunction, although they remained
significant. Testosterone prescription was not associated with
the outcomes of overweight/obesity, dysglycemia, hyperten-
sion, or liver dysfunction (P > .05 for all); however, it was sig-
nificantly associated with dyslipidemia and mildly attenuated
the effect of KS for that outcome (also see Table 5). A pre-
scription for an antipsychotic medication was associated with
increased odds of the cardiometabolic outcomes of interest
except dysglycemia, again slightly attenuating the effect of
KS but not impacting the overall result. When accounting
for the predefined covariates in a combined model, KS con-
tinued to have an independent effect on obesity (P <.0001)
and liver dysfunction (P =.0002), and a borderline effect on
dyslipidemia (P =.023) and dysglycemia (P =.0326). These
results were overall unchanged when the total number of out-
patient visits were included in the model; however, due to col-
linearity with age this model is not presented.

For continuous outcomes, data were more likely to be
missing for controls than for cases. The numbers for available
data, and median and interquartile range for all continuous
outcomes are shown in Fig. 3. Absolute BMI was not signifi-
cantly different between groups; however, BMI z-score was
significantly lower in KS than in controls and the range was
wider (Fig. 4). Systolic and diastolic blood pressures were sig-
nificantly lower in KS than in controls, although the clinical
relevance was minimal (2-3 mmHg). There were no differ-
ences in total or LDL cholesterol; HDL cholesterol was lower
in KS and triglycerides were slightly higher.

Discussion

This population-based, cross-sectional study of pediatric pa-
tients with KS confirmed greater odds of cardiometabolic-
related diagnoses compared with controls. Specifically, the
odds of overweight/obesity, dyslipidemia, and liver dysfunc-
tion were higher in KS and the odds of dysglycemia were also
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Table 3. Comparison of the prevalence of the primary cardiometabolic outcomes between Klinefelter syndrome (KS) and controls
KS Controls OR (95% CI) P value
(n=1080) (n=4497)
Overweight/obesity 442 (40.9) 1381 (30.7) 1.56 (1.36-1.79) <.0001¢
Dyslipidemia 88 (8.1) 131 (2.9) 2.96 (2.24-3.91) <.0001¢
Dysglycemia 27 (2.5) 64 (1.4) 1.78 (1.13-2.78) 0121
Hypertension 76 (7.0) 319 (7.1) 1.00 (0.77-1.29) 9914
Liver dysfunction 134 (12.4) 293 (6.5) 2.03 (1.64-2.52) <.0001¢
Total no. of conditions
1 condition 348 (32.2) 1207 (26.8) 1.29 (1.12-1.49) .0006°
2 conditions 101 (9.4) 274 (6.1) 1.52 (1.19-1.93) .0007¢
3 or more conditions 67 (6.2) 135 (3.0) 1.96 (1.44-2.66) <.0001

Data are shown as n (%) or unadjusted OR and 95% CI.
“Statistically significant at an alpha of .01.

Table 4. Adjusted models for the primary cardiometabolic outcomes between KS and controls

Outcome Obesity Testosterone Rx Antipsychotic Rx All covariates’

Overweight/obesity — 1.52 (1.30-1.79) 1.50 (1.31-1.73)" 1.49 (1.27-1.75)
Dyslipidemia 2.50 (1.85-3.37)% 1.81 (1.22-2.67)* 2.58 (1.93-3.44)% 1.60 (1.07-2.40)
Dysglycemia — 1.81 (1.05-3.13) 1.56 (0.98-2.48) 1.84 (1.07-3.16)
Hypertension 0.80 (0.61-1.06) 1.02 (0.73-1.41) 0.85 (0.64-1.12) 0.84 (0.59-1.18)
Liver dysfunction 1.78 (1.42-2.23)" 1.98 (1.52-2.58)" 1.77 (1.40-2.24) 1.71 (1.30-2.25)

The models control for the addition of obesity, testosterone treatment, antipsychotic treatment, and the combined effect of all of those risk factors on

cardiometabolic health. All of these models include the covariate age at most recent visit. Data are shown as OR and 95% CIL.

Abbreviation: Rx, prescription.

“The outcomes of overweight/obesity and dysglycemia did not include overweight/obese in the model.

"Statistically significant at an alpha of 0.01.

Table 5. Comparison of individuals with KS by testosterone treatment status

NoT +T OR (95% CI) P value
n=779 n=301
Overweight/obesity 311 (39.9) 131 (43.5) 1.23 (0.89-1.70) .2002
Dyslipidemia 32 (4.1) 56 (18.6) 3.03 (1.78-5.15) <.0001¢
Dysglycemia 15 (1.9) 12 (4.0) 0.95 (0.41-2.23) 9132
Hypertension 54 (6.9) 22 (7.3) 0.72 (0.42-1.30) .2809
Liver dysfunction 92 (11.8) 42 (14.0) 1.03 (0.65-1.64) .8921

Models include the covariate age at most recent visit. Data are shown as n (%) or unadjusted OR and 95% CIL.

“Statistically significant at an alpha of .01.

greater, although of borderline statistical significance due to
the low prevalence in both groups. The increased odds for
these cardiometabolic-related diagnoses in KS remained after
adjusting for known risk factors of CVD, implying an in-
dependent effect of KS on these outcomes. Importantly, the
odds of hypertension were not higher in KS. This first ever
population-based study of cardiometabolic health focused on
in youth with KS supports previous smaller studies in pedi-
atric KS cohorts as well as adult studies, and adds to the lit-
erature with a large clinical sample representative of the US
population.

The assessment of overweight/obesity is arguably the
most reliable outcome in this study. More than 85% of pa-
tients had at least 1 simultaneously documented height and
weight available to allow calculation of BMI; therefore, we

did not rely solely on the addition of overweight/obesity as
a billing diagnosis or problem list condition. The finding of
40% of boys with KS meeting the criteria for overweight/
obesity is concerning given the known association of child-
hood obesity with adult CVD (29). However, further explor-
ation of BMI data in this cohort revealed that although there
was a higher prevalence of overweight/obesity in KS, BMI
and BMI z-scores were not higher and indeed the range of
BMI was wider in KS across the pediatric age span. There
is therefore a subset of boys with KS who have low BMIs,
particularly in the toddler years and early adolescence, that
warrant further investigation into different phenotypes in this
population. Importantly, boys without overweight/obesity
still had other cardiometabolic risk diagnoses; therefore, al-
though prevention and mitigation of obesity are important,
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the absence of obesity is not entirely protective from the other
cardiometabolic risk factors in KS.

The absolute prevalence of dyslipidemia (8.1%) and
dysglycemia (2.5%) is lower than previously reported in clin-
ical studies of youth with KS (4, 5, 7, 8, 30). Our prevalence
rates are likely underestimated for both KS and controls due
to reliance on discrete data elements in the EHR and the fact
that not all patients were assessed for the outcomes in ques-
tion. Males with KS were more likely than controls to have
relevant laboratory assessments for these outcomes in the
EHR, likely secondary to the assumed cardiometabolic risk
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in this population. Full cholesterol profiles and hemoglobin
Alc are not routinely obtained in otherwise healthy children
without known risk, which is supported by the large amount
of missing data for these variables in our dataset. Therefore,
it is likely that the true prevalence of these conditions is ac-
tually higher than we identified in this study. Nevertheless,
the odds of dyslipidemia and dysglycemia were higher in KS,
congruent with other studies that have reported a pattern of
insulin resistance in KS (7, 31-33).

The literature on liver disease in KS is underwhelming.
There are case reports of benign liver tumors and autoimmune
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Figure 3. Box plots with median and interquartile range for Klinefelter Syndrome (black) vs controls (white) for all continuous variables. Values under
each plot are the number of individuals out of the 1080 cases and 4497 controls for which data were available.
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hepatitis in individuals with KS (34-38). Fatty liver disease is
assumed to be more prevalent in KS based on their higher rates
of metabolic syndrome and findings in an XXY mouse model
(39), but only a single abstract of original research reported
liver dysfunction associated with obesity and total cholesterol
in men with KS (40). In this study, we observed a 2-fold greater
odds of liver dysfunction; however, actual values of AST and
ALT were not different between KS and controls. This may be
secondary to a minority of controls having had transaminases
measured, and these may have been more likely to be meas-
ured during acute illness resulting in a temporary transaminitis
rather than reflecting chronic liver disease. However, a recent
testosterone intervention study in KS adults also found average
liver enzymes were within the normal range (41). Further in-
vestigation of liver function and disease in KS is warranted.
The absence of hypertension in KS is reported in many
studies, even in the presence of other metabolic syndrome fea-
tures. In the general population, men have a higher prevalence
of hypertension than women (42). Whether the sex difference
in hypertension is genetic, hormonal, or environmental is un-
known, but the potential protective effect of 2 X chromo-
somes and/or higher estrogen levels could be further explored
by studying males with KS. For example, one of the mech-
anisms proposed for biological sex difference in hyperten-
sion is the protective effect of the adipocytokine adiponectin,
with males having lower levels than females and lower levels
often found in individuals with metabolic syndrome (43-45).
Normal adiponectin levels have been reported in men with
KS despite their poor cardiometabolic profiles, which would
be congruent with a protective effect of adiponectin against
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hypertension (4). Inclusion of KS as a model in investigating
sex differences in hypertension may elucidate underlying
mechanisms.

Finally, with the exception of dyslipidemia, testosterone
treatment did not have a positive or negative association
with cardiometabolic outcomes, which is congruent with
adult literature (46, 47). The impact on dyslipidemia may be
secondary to an HDL-lowering effect of androgens through
increasing hepatic lipase activity (48). However, the litera-
ture is mixed on the effect of testosterone treatment on HDL
in hypogonadal populations, with several studies finding no
change in HDL with testosterone treatment and others re-
porting any HDL decline is only in the HDL3c subfraction,
which is not associated with anti-atherogenic properties (49-
51). In sum, results from this study are congruent with prior
work suggesting that, with the exception of body compos-
ition (9, 11, 52), there is not a clear impact of testosterone
treatment on cardiometabolic risk in KS. On the contrary, a
prescription for an antipsychotic medication was associated
with greater odds of most cardiometabolic-related diagnoses,
although KS remained at greater risk even after considering
the known side-effects of antipsychotics.

There are several unique strengths of this study. This is the
largest cohort of youth with KS, representing >1000 patients
with KS seeking clinical care at 6 pediatric centers throughout
the United States. This design minimizes the bias inherent in
single-center studies that rely on recruitment and voluntary en-
rollment and increases generalizability. Secondly, we were able
to compare with a well-matched group representing the typical
pediatric population receiving care at these same institutions.
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Figure 4. Loess curves for all available BMI percentiles by age for KS cases (solid/dark) and controls (dashed/light) with the 50th percentile shown with

a line and the shaded area representing the interquartile range (25th-75th percentiles).
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Finally, EHR data depend on medical documentation, which is
regarded as more accurate that self-reported data and allowed
for quantitative analyses of parameters such as BMI and la-
boratory values. However, there are limitations of this work as
well. First, the diagnosis of KS was unable to be confirmed as
genetic test results are not discrete data elements in the EHR,
and the diagnosis of KS has not been specifically validated in
this database. Another limitation of using EHR data is prob-
able errors of commission and omission for the outcomes we
assessed. While we do not anticipate the rates of these errors
would differ between cases and controls, clinicians may
have management and diagnosis bias in favor of recognizing
cardiometabolic conditions in KS. There was also substantial
missing data for our continuous outcomes, which reflect both
care practices (obtaining these labs are not standard of care for
typical pediatric patients) and discrete data elements available
in the EHR (eg, labs obtained at outside facilities are often not
imported into the EHR). Although we have included some po-
tential explanatory variables (ie, prescription data), using EHR
data also limit our ability to evaluate other variables that may
contribute to cardiometabolic risk in KS, such as diet, physical
activity, sleep, family history, estrogen levels, or aberrant meta-
bolic pathways, and this warrants additional research. Finally,
the pediatric centers participating in PEDSnet are tertiary care
referral centers, and it is possible the boys with KS receiving
care at these institutions are not representative of the pediatric
KS population as a whole. Despite these limitations, these data
represent a large, national clinic sample of youth with KS ra-
ther than small convenience samples from prior studies, empha-
sizing the clinical significance of cardiometabolic differences in
this population. These results are an important contribution to
our understanding of the associated cardiometabolic impacts
of KS that can inform clinical counseling and management in
pediatric and adolescent care.

In conclusion, this population-based study of 1080 youth
with KS demonstrates higher odds of early CVD risk markers
including overweight/obesity, dyslipidemia, and liver dysfunc-
tion compared with matched controls. Testosterone treatment
does not reduce these odds, and other models suggest that this
increased CVD risk in KS youth remains even after accounting
for obesity status and medication use. These data are congruent
with epidemiological studies in adults and smaller clinical pedi-
atric studies. Counseling and screening for cardiometabolic
risk conditions should be part of routine clinical care for boys
with KS. Additional research is needed to determine the patho-
physiology, longitudinal trajectory, and effective interventions
for cardiometabolic-related conditions in youth with KS.
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