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Abstract

Background Obesity in adults without Down
syndrome is associated with an adverse metabolic
profile including high prevalence of pre-diabetes and
diabetes, high levels of insulin, non-high-density li-
poprotein (HDL) cholesterol, leptin and
high-sensitivity C-reactive protein (hsCRP) and low
levels of HDL and adiponectin. We examined
whether obesity in middle-aged adults with Down
syndrome is also related to an adverse metabolic
profile.

Methods This cross-sectional study included 143
adults with Down syndrome, with a mean age of
55.7 * 5.7 years and 52.5% women. Body mass index
(BMI) was classified as underweight (BMI < 18.5 kg/
m?), normal (BMI 18.5-24.9 kg/m?), overweight
(BMI 25-29.9 kg/m*) and obese (BMI = 30 kg/m?).
Diabetes was ascertained by history or by
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haemoglobin A1c (HbA1c) as normal glucose
tolerance (HbA1c < 5.7%), pre-diabetes (HbA1c
5.7-6.4%) and diabetes (HbA1c 2 6.5%). We mea-
sured non-fasting lipids, hsCRP, insulin, adiponectin
and leptin.

Results  'The majority of the sample had an
overweight (46.9%) or obesity (27.3%) status.
However, there was a relatively low prevalence of
pre-diabetes (9.8%) and diabetes (6.9%). Overweight
and obesity status were not associated with lower
HDL and adiponectin and higher insulin, non-HDL
cholesterol and hsCRP as expected in adults without
Down syndrome. However, overweight and obesity
were strongly associated with higher leptin

(P < o.001).

Conclusions The only metabolic correlate of obesity
in middle-aged adults with Down syndrome was high
leptin levels. Our findings are limited by non-fasting
laboratory tests but suggest that middle-aged adults
with Down syndrome do not have the adverse
metabolic profile related to obesity found in adults
without Down syndrome.

Keywords diabetes, Down syndrome, middle age,
obesity
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Introduction

Down syndrome is defined cytogenetically by trisomy
21 and is the most common genetic cause of
intellectual disability (ID), with a birth incidence of
approximately 1/700 (Presson ez al. 2013). Obesity is a
commonly reported phenotypic feature of Down
syndrome (Merrick & Shapira 2000), but estimates of
prevalence have varied considerably for both younger
subpopulations and adults. In addition, the
consequences of obesity in middle-aged adults with
Down syndrome are unclear. The survival of adults
with Down syndrome has increased despite increased
morbidity and mortality compared with the
population without Down syndrome (Coppus

et al. 2008; Irving et al. 2008; Zhu et al. 2013; Glasson
et al. 2016). Thus, more persons with Down
syndrome are surviving into middle and old age. In
the population of adults without Down syndrome in
the USA, this period of the lifespan is characterised by
high prevalence of elevated adiposity (overweight and
obesity) and type 2 diabetes and their metabolic
correlates. Two-thirds of the US adult population
suffers from pre-diabetes and type 2 diabetes (Centers
for Disease Control and Prevention; http://www.cdc.
gov//diabetes/pubs/factsheetr1.htm), paralleling the
similarly high prevalence for overweight and obesity
(Hales et al. 2020). There is a paucity of information
on these common conditions in middle-aged and
older adults with Down syndrome. Thus, we sought
to examine the prevalence of elevated adiposity and
pre-diabetes and diabetes in middle-aged adults with
Down syndrome and describe their metabolic
correlates, including lipids, glycaemia, inflammation,
insulin and adipokines (leptin and adiponectin), in an
ongoing study of Down syndrome and aging
(Silverman er al. 2004).

Methods
Design

The current report is from a cross-sectional analysis
of an ongoing cohort study of adults with Down
syndrome funded by the National Institutes of Health
in the USA (Schupf ez al. 2015). This longitudinal
study employs a cross-sequential research design,
with longitudinal testing of adults with Down
syndrome, 45 years of age and older, evaluated up to
three times, between October 2011 and December

2015. Evaluations included assessments of dementia
status, together with a review of all medications and
medical records at intervals ranging from 14 to

21 months. Maladaptive behaviour was measured
using the Reiss Screen for Maladaptive Behavior
(Havercamp & Reiss 1997) to provide information on
depression, psychosis and other changes that might
mimic or are associated with dementia (Urv

et al. 2008), the primary outcome of the parent cohort
study of Down syndrome. Cognitive abilities were
assessed using a battery that covered a wide range of
ID. Blood samples for determination of Down
syndrome karyotype and various metabolic correlates
were collected from willing subjects via non-fasting
venipuncture by qualified programme staff. This
study has been approved by the Institutional Review
Boards of the New York Institute for Basic Research
in Intellectual Disabilities (Staten Island, New York),
the New York Psychiatric Institute (Manhattan, New
York) and the Johns Hopkins University School of
Medicine (Baltimore, Maryland). A full description of
the instrument battery and study procedures has been
previously published (Silverman ez al. 2004). The
current study presents results from a cross-sectional
analysis of data from the first wave of data collection.

Participants and recruitment

The sample was composed of adults with Down
syndrome receiving services from social service
agencies in the New York State and the greater New
York City metropolitan area in the USA who were
45 years of age or older. Once interest of potential
participants was established by personnel of agencies
providing their direct services, study materials were
provided and consent/assent was obtained consistent
with Institutional Review Board-approved
procedures. All volunteers had the option of declining
to participate in any component of the evaluations at
any time, even when informed consent had been
provided previously. Valid consents were received for
191 participants; however, we were only able to obtain
blood samples from 143 participants (73.9%),
primarily due to participant disinclination to undergo
phlebotomy. Fasting was not required prior to
phlebotomy. The current analyses are based on these
baseline results. Formal evaluations completed
included (1) clinical record reviews, (2) staff
interviews, (3) cognitive assessments, (4) physical
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measurements/neurological evaluations and (5)
collection of random blood samples. Our
neurocognitive assessment battery was designed to
assess domains of cognition and behaviour that are
typically affected in Alzheimer’s dementia, which
persons with Down syndrome are at high risk of, and
was tailored for use with adults having ID, as
previously described (Silverman ez al. 2004).
Classification of dementia status was determined at
consensus conferences using all available
performance data. Participants were considered to
have dementia if there was a history of progressive
memory loss, disorientation and functional decline
over a period of at least 1 year and if no medical or
psychiatric conditions that might mimic dementia
were present. Participants were classified as not
having dementia if they were without cognitive or
functional decline or if they showed only mild
declines of insufficient severity to meet criteria for
dementia.

Variables

The main exposure variable was body mass index
(BMI) calculated as weight in kilograms divided by
height in metres squared. BMI was categorised as
underweight (BMI < 18.5 kg/m®), normal (BMI
18.5-24.9 kg/m?), overweight (BMI 25-29.9 kg/m?)
and obese (BMI = 30 kg/m?), following the World
Health Organization criteria (Heiat et al. 2001).
Diabetes categories were normal glucose tolerance
(NGT), pre-diabetes and diabetes, following the
American Diabetes Association guidelines (American
Diabetes Association Professional Practice 2022).
NGT was defined as haemoglobin A1c (HbA1c) of
<5.7%, and pre-diabetes was defined by an HbA1c
between 5.7% and 6.4%. Diabetes was defined by
history of type 1 or type 2 diabetes or an HbA1c of
26.5%.

Metabolic correlates that were examined included
lipids, insulin, adiponectin, leptin and high-sensitivity
C-reactive protein (hsCRP). Low-density lipoprotein
(LDL) was calculated with the formula total
cholesterol — (triglycerides/5) — high-density
lipoprotein (HDL) (Friedewald ez al. 1972).
Non-HDL cholesterol was calculated as total
cholesterol — HDL. Lipid profile (HDL, triglycerides
and cholesterol) and hsCRP in human serum were
measured using Cobas Integra 400 plus analyser

(Roche Diagnostics, Indianapolis, USA) together
with quality controls at high and low levels. HbA1c in
whole blood was quantified by a turbidimetric
inhibition immunoassay on Cobas Integra 400 plus
analyser (Roche Diagnostics). Adiponectin and leptin
were measured with radioimmunoassay (EMD
Millipore Corporation, Billerica, MA, USA). Insulin
was also measured with radioimmunoassay (Siemens
Healthcare Diagnostics, Tarrytown, NY, USA).
Given the polypharmacy common in persons with
Down syndrome, we ascertained the following
medication categories: thyroxine supplements,
hypertension medications (angiotensin-converting
enzyme inhibitors, angiotensin receptor blockers,
beta-blockers, calcium channel blockers and
diuretics), diabetes medications (metformin,
sulfonylurea, insulin, thiazolidinediones and
glucagon-like peptide 1 agonists), lipid medications
(hydroxymethylglutaryl-CoA reductase inhibitors and
fibrates) and psychiatric medications (selective
serotonin reactive inhibitors, antipsychotics,
serotonin—norepinephrine reuptake inhibitors and
norepinephrine—dopamine reuptake inhibitors). The
rationale for including these medications is that they
may affect some of the metabolic variables in the
analyses. Use of lipid-lowering medications was
expected to be related to lower non-HDL cholesterol
level. Use of diabetes medications could affect
adipokines and HbA1c. Use of psychiatric
medications could be associated with weight gain and
higher BMI (Berkowitz & Fabricatore 2011). Use of
thyroxine could affect weight and obesity status. We
lacked blood pressure measurements, and use of
hypertension medication was used as an indicator of
hypertension history. Other variables examined
because they are common correlates of Down
syndrome included severity of ID (operationalised as
intellectual quotient), history of hypothyroidism
(Hardy et al. 2004), history of hyperlipidaemia
(Zigman er al. 2007) and presence of dementia
(Zigman er al. 2007).

Statistical analysis

Distributions of all variables were examined. Insulin,
leptin and hsCRP required natural logarithmic
transformation to achieve a normal distribution. We
examined Pearson’s correlations among continuous
variables. We compared characteristics across
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categories of adiposity and diabetes using analysis of
variance for continuous variables and chi-squared for
categorical variables. We conducted multivariate
analyses relating exposure categories to continuous
variables using analysis of covariance. All analyses
were performed using SAS 9.3.

Results

Out of a total of 191 participants examined, 143
(74.87%) underwent phlebotomy and comprise the
analytic sample. There were no statistically significant
differences between those who underwent
phlebotomy and those who did not in age, gender,
ethnic and racial group, intellectual quotient,
dementia prevalence, history of diabetes, history of
dyslipidaemia and BMI (Table S1). Table 1 shows the
general characteristics of the analytic sample. The
mean age was 55.7 * 5.7 years, 52.5% were women
and 93.5% were Non-Hispanic White. The majority
of the sample was categorised as having overweight
(46.9%) or obesity (27.3%), but only 9.8% had
pre-diabetes and 6.9% had diabetes. A total of 10
participants had diabetes, of which 2 were diagnosed
as type I diabetes and 8 as type 2 diabetes.

Table 2 shows the correlation among continuous
variables. BMI was modestly directly correlated
with HbA1c and hsCRP and was moderately
correlated with leptin. HbA1c was modestly directly
correlated with hsCRP and insulin. Total cholesterol
was moderately correlated with triglycerides and
HDL and strongly correlated with LDL and
non-HDL cholesterol. Triglycerides were modestly
inversely correlated with HDL and adiponectin,
modestly directly correlated with LDL and
moderately correlated with non-HDL cholesterol.
HDL was modestly correlated with adiponectin.
LDL was strongly correlated with non-HDL
cholesterol. hsCRP was modestly correlated
with leptin. Insulin was modestly correlated
with leptin.

We examined the relation of medication use with
metabolic parameters (Table S2). Thyroxine
supplement use was related to higher adiponectin
levels (P = 0.003). Use of lipid medications was
related to higher HbA1c (P = 0.003) and lower
non-HDL cholesterol (P = 0.0009). Use of
hypertension medications was related to higher
HbA1c (P = 0.04) and higher hsCRP (P = 0.004).

Table | Characteristics of the cohort of 143 persons with Down
syndrome at the time of assessments

Characteristic Value
Sample size 143
Age in years 557 %57
Women 75 (52.5)
Non-Hispanic White 130 (93.5)
Intellectual quotient 36975
Dementia diagnosis 13 (9.1)
Type | diabetes history 2(1.4)
Type 2 diabetes history 9 (6.3)
Dyslipidaemia history 57 (39.9)
Hypothyroidism history 87 (60.8)
Thyroxine supplements 72 (50.4)
Lipid medications 54 (37.4)
Hypertension medications 18 (12.6)

Diabetes medications 8 (5.6)
Psychiatric medications 58 (40.6)
Body mass index in kg/m” % SD 283 +53
Body mass index (BMI) category

Underweight (BMI < 18.5 kg/m?) 6 (4.1)

Normal (BMI 18.5-24.9 kg/m®) 31 (21.7)

Overweight (BMI 25-29.9 kg/mz) 67 (46.9)

Obese (BMI > 30 kg/m?) 39 (27.3)
Haemoglobin Alc (HbAIc) in % [mmol/mol] 55+05

[37 £3.1]

Diabetes categories

Normal glucose tolerance (HbAlc < 5.7%) 119 (83.2)

Pre-diabetes (HbAlc 5.7-6.4%) 14 (9.8)

Diabetes (HbAlc > 6.5%) 10 (6.9)
Total cholesterol in mg/dL 162.3 £ 31.4
High-density lipoprotein (HDL) in mg/dL S5lL1£114
Triglycerides in mg/dL 1175 + 50.1
Low-density lipoprotein in mg/dL 87.7 £ 25.1
Non-HDL cholesterol in mg/dL 111.2+295
High-sensitivity C-reactive protein (hsCRP) 75+ 152
in mg/L
hsCRP median (interquartile range) in mg/L 3.2 (1.4-6.5)
Insulin in [U/dL 254+ 184

Insulin median (interquartile range) in IU/dL  19.7 (11.9-30.8)
Leptin in ng/mL 21.9+£278
Leptin median (interquartile range) in ng/mL  13.4 (6.6-26.2)
Adiponectin in ng/mL 17 678.6 +9197.6

Continuous variables are presented as means * standard deviations.
Categorical variables are presented as frequencies (percentages). For
variables not normally distributed, both means + standard deviations and
medians (interquartile ranges) are presented.

Use of diabetes medications was related to higher
HbA1c (P < 0.0001), lower non-HDL cholesterol
(P = 0.0008) and lower hsCRP (P = o.01). Use of
psychiatric medications was not related to any
metabolic parameter.
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Table 2 Pearson’s correlation coefficients for continuous variables

BMI HbAIc TC Trig HDL LDL NHC hsCRP INS LEP ADI

Age —0.1 0.0 0.1 -0. 0.2 —0.1 —0.1 02 00 -0l 0.1
0.26 097 0.47 0.02 0.02 0.15 0.10 0.008 0.94 0.94 0.33

Intellectual quotient (IQ) 00 00 0. 0.0 0.0 —-0.1 —0.1 00 02 00 —0.1
0.69 0.99 0.47 0.86 0.78 0.35 0.38 061 007 099 0.54

Body mass index (BMI) 1.0 02 —0. 0.07 —-0.08 —O0.I —0.09 02 009 06 —0.1
0.0/ 0.69 0.38 031 0.09 0.27 0.02 0.40 <0.000/ 0.26

Haemoglobin Alc (HbAlc) 1.0 -0 -00 0.1 —0.1 —0.1 02 03 02 0.1
026 0.69 0.42 0.10 0.13 0.008 0.0/ 0.06 0.13

Total cholesterol (TC) 1.0 04 0.3 0.9 0.9 -02 0.l 0.1 —0.0
<0.000/ <0.0001 <0.000! <0.000/ 0.05 065 0.28 0.82

Triglycerides (Trig) 1.0 —0.3 0.3 0.6 —-0.1 0.0 0.0 —0.4

<0.000/ 0.0005 <0.000/ 0.5 071 057 <0.000]
High-density lipoprotein (HDL) 1.0 0.1 —0.0 —0.1 0.l 0.0 0.3
0.19 0.80 042 025 0.69 0.002

Low-density lipoprotein (LDL) 1.0 0.9 -0.1 0.0 0.1 0.0
<0.000/ 0.12 089 032 0.82

Non-HDL cholesterol (NHC) 1.0 —0.I 000 O.I 0.0
0.07 099 035 0.82

High-sensitivity C-reactive protein (hsCRP) natural log transformed 10 02 03 0.0
0.07 0.0006 0.58

Insulin (INS) natural log transformed 1.0 0.2 0.1
0.05 0.26

Leptin (LEP) natural log transformed 1.0 0.0
0.71

Adiponectin (ADI) 1.0

P values are presented in italics. Logarithmically transformed values were used for variables that were not normally distributed, including high-sensitivity

C-reactive protein, insulin and leptin.

Table 3 shows the comparison of characteristics
among BMI categories. The only significant
differences were for sex (women prevalence
increased with higher BMI category), pre-diabetes
(higher in the overweight and obese categories)
and leptin, which showed a graded increase with
higher BMI categories. The dose-response
association of BMI category with leptin remained
after adjustment for demographics and medication
use (P < 0.0001). The means and standard
deviations for logarithmically transformed leptin
were 1.8 * 0.8 for underweight, 1.9 * 0.8 for
normal, 2.5 * 0.8 for overweight and 3.3 * 0.9
for obesity.

The proportion of persons with NGT was lower in
the overweight and obese categories, and this
association was close to statistical significance.

Persons with normal BMI did not have pre-diabetes,
as compared with other BMI categories. BMI
category was not associated with diabetes, lipids,
hsCRP or adiponectin.

Table 4 shows the comparison of characteristics
among diabetes categories. As expected, a history of
hyperlipidaemia was higher in persons with
pre-diabetes and diabetes. The prevalence of
dementia was higher in persons with pre-diabetes.
However, this observation is limited by the low
number of cases of dementia and should be
interpreted with caution. LDL and non-HDL
cholesterol were appreciably lower in persons with
diabetes. hsCRP showed a graded increase with
diabetes categories. Insulin was higher in persons with
pre-diabetes and diabetes. Leptin and adiponectin
were not associated with diabetes categories.
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Table 3 Comparison of demographic and metabolic characteristics across body mass index (BMI) groups

Underweight Normal (BMI Overweight Obese
(BMI < 18.5 18.5-24.9 (BMI 25-29.9 (BMI =30

Characteristic kg/mz) kglmz) kglmz) kglmz) P value
Sample size 6 31 67 39

Age in years 532 %26 562 %62 56456 554+54 0.45
Women 2 (333) 14 (45.2) 31 (46.3) 28 (71.8) 0.03
Type | diabetes history 0 0 1 (1.49) | (2.56) 0.82
Type 2 diabetes history 0 1 (3.2) 3 (4.5) 5(12.8) 0.25
Hyperlipidaemia 2 (333) 9 (29.0) 32 (47.8) 14 (35.9) 0.30
Thyroxine 1 (16.7) 17 (54.8) 35 (48.7) 19 (48.7) 0.37
Lipid medications 2 (333) 7 (22.6) 29 (43.3) 16 (41.0) 0.24
Hypertension medications 1 (16.7) 0(0) Il (16.4) 6 (154) 0.13
Diabetes medications 0(0) 1 (3.2) 2(2.9) 5(12.8) 0.14
Psychiatric medications 2 (33.3) 14 (45.2) 24 (35.8) 18 (46.2) 0.67
Dementia 0.0 8 (17.4) 9 (IL.1) 4 (6.9) 0.30
Hypothyroidism 2 (333) 18 (58.1) 43 (61.2) 24 (61.5) 0.50
HbAlc in % [mmol/mol] 54+04 53+04 54+05 5.6 +0.4 0.16

[36 +2.0] [34 +2.0] [36 = 3.1] [38 +2.0]

Normal glucose tolerance 5(83.3) 30 (96.8) 53 (79.1) 31 (79.4) 0.07
Pre-diabetes 1 (16.7) 0 10 (14.9) 3(7.7) 0.03
Diabetes 0 1 3.2) 4 (5.9 5(12.8) 0.32
Diabetes/pre-diabetes 1 (16.7) 1 3.2) 14 (20.9) 8 (20.5) 0.11
Cholesterol in mg/dL 169.0 + 43.5 167.5+27.2 163.0 + 35.2 155.8 + 25.0 0.43
Triglycerides in mg/dL 1178 +324 104.7 + 384 125.2 £ 56.2 1144 485 0.29
High-density lipoprotein (HDL) in mg/dL 482 + 88 539+ 104 495+ 108 519+ 132 0.28
Low-density lipoprotein in mg/dL 97.3 £343 92.6 £23.2 88.5 %273 80.9 £ 195 0.18
Non-HDL cholesterol in mg/dL 120.8 + 39.1 113.5+284 113.5+284 113.5+325 0.31
hsCRP (log) in mg/L 0913 0913 IL1+12 1.5+1.2 0.20
Insulin (log) in IU/mL 3906 29+0.5 2906 3.1 £07 0.41
Leptin (log) in ng/mL 1.9+08 1.9+08 25+08 33+09 <0.0001
Adiponectin in ng/mL 17 833.3 £6598.1 196259 +7936.8 16941.5+91349 174289 + 105522 0.63

Logarithmically transformed values are presented for variables that were not normally distributed, including high-sensitivity C-reactive protein (hsCRP),
insulin and leptin. Continuous variables are presented as means * standard deviations. Categorical variables are presented as frequencies (percentages).

Continuous variables were compared with analysis of variance. Categorical variables were compared with chi-squared.

Discussion and older has pre-diabetes or diabetes. The only
strong correlate of BMI examined continuously and in
We found that most middle-aged adults with Down clinically relevant BMI categories was leptin, which
syndrome had either overweight or obesity, replicating  was higher with higher BMI, as expected. Higher
previous studies in persons with Down syndrome BMI was not associated with insulin resistance, as
(Merrick & Shapira 2000; Melville ez al. 2005) and evidenced by a lack of association with insulin and
similar to the population without Down syndrome in adiponectin levels. However, pre-diabetes and
the USA (Hales ez al. 2020). However, having diabetes were associated with a higher history of
overweight or obesity status was not accompanied dyslipidaemia, higher hsCRP and higher insulin levels,
by a high prevalence of pre-diabetes or diabetes as expected, but were not associated with adiponectin
comparable with the population without Down and leptin levels. Lipid levels were lower in persons
syndrome (Centers for Disease Control and with pre-diabetes and diabetes, explained by treatment
Prevention; http://www.cdc.gov//diabetes/pubs/ for the diagnosis of hyperlipidaemia, which was higher
factsheetr1.htm) in whom a third of adults 18 years in persons with pre-diabetes and diabetes.
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Table 4 Comparison of demographic and metabolic characteristics across diabetes groups [normal glucose tolerance INGT), pre-diabetes and

diabetes]
Characteristic NGT Pre-diabetes Diabetes P value
Sample size 119 14 10
Age 55.5+57 569 + 6.1 56.1 £5.3 0.65
Women 63 (52.9) 7 (50.0) 5 (50.0) 0.96
Intellectual quotient 37379 338 +4.1 374 6.1 0.32
HbAlc in % [mmol/mol] 53+02 5.7+0.03 1.6+ 1.0 <0.0001
[34 £ 1.9] [39 £0.1] [34 £ 8.6]
Hyperlipidaemia history 42 (35.3) 7 (50.0) 8 (80.0) 0.01
Thyroxine supplements 56 (47.1) 8 (57.1) 8 (80.0) 0.12
Lipid medications 38 (31.9) 7 (50.0) 9 (90.0) 0.0008
Hypertension medications 12 (10.1) 1(7.1) 5 (50.0) 0.001
Diabetes medications 0 (0.0) 0 (0.0 8 (80.0) <0.0001
Psychiatric medications 46 (38.7) 7 (50.0) 5 (50.0) 0.58
Dementia 8 (6.7) 5(35.7) 0 0.001
Hypothyroidism 69 (57.9) 10 (71.4) 8 (80.0) 0.24
Body mass index in kg/m’ 28055 28727 30653 0.34
Total cholesterol in mg/dL 164.8 £ 31.7 156.4 +26.0 140.0 £ 28.5 0.05
Triglycerides in mg/dL 119.3£50.3 122.1 £ 49.1 89.9 £45.0 0.19
High-density lipoprotein (HDL) in mg/dL 509 %112 503 = 12.1 54.6 £ 12.9 0.59
Low-density lipoprotein in mg/dL 90.1 +£24.9 8l.6+214 68.2 £229 0.01
Non-HDL cholesterol in mg/dL 113.9 £29.1 106.1 +26.7 86.2 + 284 0.01
hsCRP (log) in mg/L L1+ 1.1 1.5+1.2 2114 0.01
Insulin (log) in IU/mL 29+0.6 35+07 3407 0.03
Leptin (log) in ng/mL 26+09 29+07 27+13 0.33
Adiponectin in ng/mL 17 389.5 + 8323.8 16 792.9 + 9685.1 222150 £ 16 036.9 0.26

Logarithmically transformed values are presented for variables that were not normally distributed, including high-sensitivity C-reactive protein (hsCRP),

insulin and leptin. Continuous variables are presented as means * standard deviations. Categorical variables are presented as frequencies (percentages).

Continuous variables were compared with analysis of variance. Categorical variables were compared with chi-squared.

Our observations were not explained by differences
in age, sex, severity of ID or co-morbid
hypothyroidism, common in adults with Down
syndrome (Hardy er al. 2004). It is possible that the
modest association between obesity and the adverse
metabolic correlates in persons with Down syndrome
explains their reported low levels of atherosclerosis
(Draheim ez al. 2002; Corsi et al. 2009). However, we
observed that hsCRP, a marker of higher
cardiovascular risk (Ridker 2014), was higher in
persons with pre-diabetes and diabetes and those
using hypertension medications, suggesting that there
may be subclinical cardiovascular disease in persons
with Down syndrome with pre-diabetes and diabetes.

There is a paucity of data on clinically defined
categories of obesity and diabetes status in
middle-aged adults with Down syndrome. Our intent
was to determine whether obesity observed in
middle-aged adults with Down syndrome has the

same adverse metabolic correlates as observed in the
general population. A study from the UK (Melville
et al. 2005) among 327 adults with Down syndrome
aged 37.2 years found that 40% were obese and 44%
were overweight, higher than in controls of similar
age. A study from Spain (Real De Asua er al. 2014)
among SI persons with Down syndrome aged 36 years
reported that 37% were overweight and 37% were
obese. A study from the same group in Spain among
49 adults aged 36 years reported that while obesity
was higher in persons with Down syndrome com-
pared with controls, fasting insulin was higher, but
glycaemia measured with HbA1c and cholesterol, tri-
glycerides, HDL and LDL were similar. However,
this study showed that persons with abdominal obe-
sity, defined as a waist-to-height ratio of 0.5, had an
unfavourable metabolic profile, including higher in-
sulin, cholesterol, triglycerides and HDL, compared
with those with lower abdominal obesity. This finding
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for abdominal obesity suggests that BMI may not be
the best measure of adiposity in Down syndrome.
Compared with these studies, our study similarly
showed in an older population that the prevalence of
overweight and obesity was high. However, higher
adiposity ascertained by BMI was not related to worse
insulin sensitivity as measured with random insulin
and adiponectin and was related to a modestly higher
risk of pre-diabetes compared with persons with nor-
mal BMI. The prevalence of overweight and obesity
by BMI is similarly high in the general population but
is accompanied by high prevalence of pre-diabetes
and type 2 diabetes and an adverse metabolic profile
that includes high insulin, cholesterol, triglycerides,
LDL, hsCRP, leptin and low HDL and adiponectin.
For example, a middle-aged cohort in New York City
with a mean age of 59 years had a similar prevalence of
overweight and obesity as in this study, but these
conditions were accompanied by high prevalence of
pre-diabetes (33%) and diabetes (30%) also defined
by the American Diabetes Association guidelines
using HbA1c and clinical history (Luchsinger

et al. 2015).

The only strong expected correlate of BMI found in
our sample was leptin, which was strongly correlated
with BMI. There are few studies that have examined
this association in persons with Down syndrome,
mostly in children. An Egyptian study among 36
children with Down syndrome found that leptin was
higher in those with obesity, similar to control
children (Yahia et al. 2012). Another study from the
USA of 35 children aged 6.6 years with Down
syndrome reported that leptin was higher than in
controls and that it was positively correlated with
adiposity (Magge er al. 2008). An Italian study of
eight women with Down syndrome reported a
positive correlation of BMI and leptin. Corsi
et al. (2009) reported that adults (20—50 years old)
and elderly persons (>60 years old) with Down
syndrome have higher leptin levels compared with
controls without Down syndrome and that leptin
levels seem to decrease with age among persons with
Down syndrome. It seems that the relation of
increased adiposity and leptin in persons with Down
syndrome is similar to that of the population without
Down syndrome. The implications of this observation
are unclear. Leptin is a hormone that in low levels is a
marker of starvation (Kmiec ez al. 2005) and may have
independent vascular consequences with high levels,

such as increased blood pressure (Bell &

Rahmouni 2016). Leptin has been hypothesised to be
neuroprotective based on animal and epidemiologic
data (Lieb et al. 2009), and this could explain the
previously made observation that obesity in persons
with Down syndrome is associated with better
cognitive function (Patel er al. 2004). In the current
analysis, the prevalence of dementia was appreciably
lower in persons with obesity and overweight, but this
association was not statistically significant.

We found no association between BMI and
adiponectin. Corsi ez al. (2009) reported that
adiponectin levels are higher in persons with Down
syndrome than in those without Down syndrome.
Moreover, they reported that among persons with
Down syndrome, those aged 60 years and older have
higher adiponectin levels compared with those aged
20-50 years and that adiponectin levels are lowest in
children aged 2—14 years. Their findings suggest that
adiponectin levels increase with age in Down
syndrome. It is possible that our middle-aged cohort
had relatively homogeneous high levels of
adiponectin, which could explain the lack of
association with BMI. In addition, given that higher
adiponectin is a marker of insulin sensitivity, it is
possible that factors associated with higher
adiponectin levels in middle-aged and older adults
with Down syndrome could be a mechanism
explaining the relatively low prevalence of
pre-diabetes and diabetes that we observed.

We observed that dementia prevalence was higher
in persons with pre-diabetes compared with those
with NGT, but similar risk was not observed for
persons with diabetes. This observation, although
statistically significant, is limited by sparse data. The
continuum of hyperglycaemia (including pre-diabetes
and diabetes) in elderly persons in the general
population is associated with increased dementia risk
(Cheng er al. 2011). Thus, both pre-diabetes and
diabetes are expected to be related to a higher
dementia risk. However, type 2 diabetes in the general
population is mostly due to insulin resistance caused
by obesity (Festa et al. 2006), while diabetes in Down
syndrome is due to insulin deficiency in most cases
(Real De Asua ez al. 2014). A minority of persons with
Down syndrome may have hyperglycaemia in
pre-diabetes through mechanisms similar to those in
the general population (insulin resistance), and it is
possible that this hyperglycaemia could cause
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dementia as in the general population. This possibility
needs to be examined in larger samples and with
longitudinal data. It is important to point out that the
lifetime risk of dementia in Down syndrome is over
90% (Fortea ez al. 2021), but the prevalence in our
sample was only 9%. This discrepancy is likely
explained by the relatively young age in our sample,
and it is expected that the prevalence of dementia will
increase exponentially as the cohort is followed.
Continued follow-up will allow proper examination of
the association between metabolic factors and
dementia risk.

The main strength of our study is that it examined
the metabolic correlates of adiposity in a relatively
large sample of middle-aged persons with Down
syndrome compared with previous studies in smaller
samples and mostly younger cohorts. However, our
study has several limitations. We did not have a
comparison group of persons without Down
syndrome and relied on published data in the general
population for comparisons. We did not have blood
pressure data to examine this important correlate of
obesity and diabetes. This precluded us from
examining hypertension and the metabolic syndrome,
which have been reported to be as prevalent in
persons with ID as in the general population (De
Winter ez al. 2011). In addition, fasting phlebotomy
was not required and the levels of measures that are
dependent on fasting (triglycerides, insulin and
leptin) should be interpreted as random levels.
Measurement error in non-fasting assays of
triglycerides, insulin and leptin could have led to
regression dilution bias (bias towards null findings)
and could explain the lack of association between
BMI status and insulin in our sample. The
measurements of adiponectin, HbA1c, hsCRP, HDL
and non-HDL cholesterol are less sensitive to fasting
status and our results for these measures seem
unlikely to be biased by measurement error. We also
could not properly assess insulin resistance though
measures like the Homeostatic Model Assessment for
Insulin Resistance because we lacked fasting glucose
and insulin. We lacked measures of central obesity
such as waist-to-height ratio, which is better
correlated with insulin resistance compared with BMI
(Real De Asua et al. 2014). Thus, it is possible that
our null findings could be explained by the use of
BMI as the measure of adiposity rather than measures
of abdominal obesity. Lastly, although we examined

medications as covariates, we lacked data on dosing
and duration and could not properly account for this
confounder.

While middle-aged persons with Down syndrome
have a high prevalence of overweight and obesity
similar to the general population, this high prevalence
of overweight and obesity is not accompanied by the
adverse metabolic profile observed in the population
of adults without Down syndrome, with the exception
of high levels of leptin. The implications of this
observation for the health and well-being for this
rapidly growing aged population need to be
understood and could provide insights into protective
factors for the general population at risk for type 2
diabetes. Factors associated with high adiponectin in
adults with Down syndrome could explain the lack of
association of higher BMI with an adverse metabolic
profile and could be targeted for further research.
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