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Abstract

Aims: To explore the association between soluble neuropilin-1 (sSNRP-1) and depres-
sion in patients with newly diagnosed type 2 diabetes (T2D).

Materials and Methods: Multicentre, cross-sectional study including adults with
serologically confirmed newly diagnosed T2D. Included variables: sex, SNPR-1 (low
sNRP-1 was defined as <226 ng/mL), psychometrically assessed depression and anxi-
ety, antidepressants, BMI, haemoglobin Alc, C-peptide and pre-existing cardiovascu-
lar disease. Multiple regression analyses were performed with depression and low
sNRP-1 as dependent variables.

Results: The study comprised 837 participants (18-94 years, younger patients
<60 years 38%). Depressed patients (n = 119) compared to non-depressed (n = 718)
had a higher prevalence of anxiety (64% vs. 14%), antidepressants (36% vs. 14%), low
SNRP-1 (45% vs. 22%) (all p < 0.001); physical inactivity (42% vs. 29%, p = 0.006);
smoking (20% vs. 12%, p = 0.018); and higher BMI (p = 0.002). Independently asso-
ciated with depression (n = 736) were anxiety (adjusted odds ratio (AOR) 11.7,
p < 0.001), low sNRP-1 (AOR 3.3, p < 0.001), BMI (per kg/m?) (AOR 1.1, p = 0.016)
and physical inactivity (AOR 1.8, p = 0.018).

In younger patients (n = 288), independently associated with low sNRP-1 were
depression (AOR 3.3, p < 0.001), myocardial infarction (AOR 3.8, p = 0.039) and
younger age (per year) (AOR 0.97, p = 0.043). In older patients (n = 521), indepen-
dently associated with low sNRP-1 were depression (AOR 3.1, p < 0.001), and youn-
ger age (0.97, p = 0.030).

Conclusions: Low sNRP-1 (<226 ng/mL) was associated with depression in all
patients with newly diagnosed T2D. In younger patients (<60 years), depression, pre-
existing myocardial infarction and younger age were associated with low sNRP-1. In

older patients, only depression and younger age were associated with low sNRP-1.
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1 | INTRODUCTION

Depression is a well-established risk factor for the development of
type 2 diabetes (T2D).}3 Persons with T2D are also at increased risk
of developing depression due to cerebral microvascular
complications,* inflammatory disturbances and reduced brain seroto-
nin (5-hydroxytryptamine).® In a recent study from this cohort of
patients with newly diagnosed T2D, the younger women with T2D
had a higher prevalence of depression compared to young women in
the Swedish general population.” The use of antidepressants was also
higher in patients with newly diagnosed T2D than in the general
metabolic and

Swedish population.>  Several

5,6-14

immunological
disturbances as well as hormonal disturbances such as increased
levels of cortisol secretion?® 1% have been demonstrated in people
with depression. Both T2D and depression are risk factors for demen-
tia**® and Alzheimer's disease is often preceded by depression.'® The
comorbidity of depression and T2D is associated with an increased
risk for cardiovascular disease and all-cause mortality.*1”*® Stress
contributes to the development of depression,*® T2D,*’ cardiovascu-
lar disease?® and Alzheimer's disease.?!

The neuropilin-1 (NRP-1) receptor is a multifunctional transmem-
brane glycoprotein that is critical for neuronal and cardiovascular
development, and for the regulation of the immune system.??72¢ The
NRP-1 receptor has the potential to be implicated in diabetes compli-

27-29 cardiovascular system,?>~

cations as it is expressed in the brain,
27.29-31 \idney,®! retina,>? on pancreatic B-cell membranes®® and in
adipose tissue macrophages.>*

NRP-1 serves as a receptor for several extracellular ligands such as
vascular endothelial growth factor (VEGF), semaphorins and transform-
ing growth factor beta (TGF-B).2*?° Members of the VEGF family,
which have neurogenic and angiogenic properties and regulate inflam-
mation, are down-regulated by chronic stress and are up-regulated by
antidepressants.>~3” Down-regulation of the NRP-1 receptor is initi-
ated by VEGF induction of the NRP-1 receptor cleavage by the two
proteolytic enzymes ADAM 9 and 10, which are members of the disin-
tegrin and metalloproteinase family.3® After the NRP-1 receptor cleav-
age, soluble (s)NRP-1 circulates freely in blood and other body fluids.>®
Previous experimental research has shown that NRP-1 receptor expres-
sion in adipose tissue macrophages was protective against obesity and
the metabolic syndrome,®* and that ablation of the NRP-1 receptor in
this type of cell led to reduced insulin sensitivity.3’ In people with
human immunodeficiency virus (HIV), higher levels of the NRP-1 recep-
tor were associated with coronary plaque, myocardial infarction and all-
cause mortality.?>?® In experimental studies, the NRP-1 receptor
showed cardioprotective effects during myocardial ischaemia.*®
Increased levels of the NRP-1 receptor have been demonstrated in the
brain tissue of patients with severe Alzheimer's disease,?® while lower
levels of sNRP-1 extracted from serum have been demonstrated in
patients with Alzheimer's disease.*°

As Alzheimer's disease is frequently preceded by or concurrent
with depression,13 and lower levels of serum sNRP-1 have been
demonstrated in persons with Alzheimer's disease,*° we hypothe-

sized that lower levels of plasma sNRP-1 may be linked to

depression in patients with newly diagnosed T2D. The aim was to
explore associations between sNRP-1 and depression while adjust-
ing for variables previously linked to depression in patients with

newly diagnosed T2D.

2 | MATERIALS AND METHODS

21 | Participants and study design

The study has a multicentre and cross-sectional design. Inclusion cri-
teria were adults (> 18 years) with newly diagnosed serologically veri-
fied T2D, completion of the Swedish version of the Hospital Anxiety
and Depression Scale (HADS) (n = 1027)° and performed biochemical
analyses of sNRP-1 (n = 837 [81%]). Exclusion criterion was gesta-
tional diabetes.®> The recruitment period lasted for 2 years, from
1 January 2016 to 31 December 2017 in Region Kronoberg, and
from 1 March 2016 to 28 February 2017 in Region Kalmar in south-
eastern Sweden.® The participants were recruited from five hospitals
and 54 primary care units in the two regions. At the time of the diag-
noses or at the first follow-up, typically within 1-3 weeks, self-report
instruments were distributed, blood samples were collected and
anthropometrics were performed. Missing data are detailed in Tables 1
and 3. No data imputation was performed. A total of 837 patients
were included in our second exploration of depression in patients with
newly diagnosed T2D.

2.2 | Diagnosis and classification of diabetes

Serologically confirmed newly diagnosed T2D was defined as
diabetes mellitus according to WHO and ADA criteria>*! without a
previous history of a diabetes diagnosis or treatment, and with sero-
logical confirmation by negative islet antibody analyses (glutamic acid
decarboxylase (GAD) antibodies <10 units/mL) and C-peptide levels
>0.25 nmol/L.>*?>*% C-peptide is a measure of endogenous insulin

secretion.*®

2.3 | Biochemical analyses

Plasma sNRP-1 (ng/mL) was analysed by commercial DuoSet
enzyme-linked immune-sorbent assay (ELISA) (R&D systems®, Min-
neapolis, Minnesota, USA). sNRP-1 (dilution factor 1:500) was added
to pre-coated 96-well microplates with sNRP-1 capturing antibodies
and thereafter incubated for 2 h at room temperature. Horseradish
peroxidase was added, resulting in a colour change with the intensity
related to the concentration of sNRP-1. Data were analysed at
450 nm with 580 nm wavelength correction in a FLUOstar OPTIMA
ELISA reader (BMG LABTECH®, Ortenberg, Germany). The protein
concentration was determined via a 7-point standard curve with a
4-parameter fit. The intra-assay coefficient of variation was 2.0.

SNRP-1 was used as a continuous variable, divided into quartiles and
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dichotomized at the first quartile. Low levels of sNRP-1 were
defined as <226 ng/mL.

C-peptide was analysed by using a commercial ELISA (Mercodia®
[article nr 10-1136-01], Uppsala, Sweden), and GAD antibodies by
using an ELISA from RSR® (Article nr Rs-GDE/96, RSR Ltd.,
Cardiff, UK).

Haemoglobin Alc (HbAlc) was analysed using Olympus auto-
mated clinical chemistry analysers with high specificity (Olympus

AU®, Tokyo, Japan). The intra-coefficient of variation was <1.2%.

2.4 | Depression, anxiety and the use of
antidepressants

Self-reported depression was defined as HADS - D (the depression
subscale) > 8 points, and anxiety as HADS - A (the anxiety sub-
scale) 2 8 points.>710-1244-47 Cyrrent use of antidepressants was

recorded based on self-reports.®

2.5 | Cardiovascular disease

Diagnoses of myocardial infarction, heart failure, stroke/TIA and
peripheral arterial insufficiency existing prior to the diagnosis of dia-
betes were registered.

26 | Age

Age was either used as a continuous variable, dichotomized into
younger patients (<60 years) and older patients (260 years), or was

divided into seven age groups.’

2.7 | Anthropometrics
Weight and length were measured by a nurse. Body mass index (BMI)
kg/m? was calculated. Obesity was defined as BMI = 30 kg/m?.

2.8 | Smoking and physical activity

Smoking habits were dichotomized into current smokers (daily or
occasionally) or non-smokers (never or previous (not within the last
6 months) smokers). Physical activity was defined as at least 30 min
of regular moderate physical activity at least once a week, and physi-

cal inactivity was defined as less than 30 min once a week.®

2.9 | Statistical analysis

BMI, HbA1c, sNRP-1 and C-peptide were not normally distributed.
The analyses were performed with Mann-Whitney U test. The results

were presented as median (quartile [g]y, g3). Pearson's Chi-Squared
test, Fisher's Exact Test (both two-tailed) and Linear-by-linear Associ-
ation were performed for categorical data, which were presented as
n (%). Crude odds ratios (CORs) were calculated for all included vari-
ables. Adjusted ORs (AORs) were calculated using multiple regression
analysis (Backward: Wald) with depression or low sNRP-1 (<226 ng/
mL) as dependent variables. Only variables with p-values <0.10 for
the CORs were included in the multiple regression analyses. 95% con-
fidence intervals (Cl) were used. Linear regression analysis was per-
formed between C-peptide and sNRP-1. p < 0.05 was considered
statistically significant. SPSS® version 27 (IBM, Chicago, Il, USA)
was used.

210 | Power calculation

To be able to demonstrate an association between low sNRP-1 and
depression, and to reach a power of 0.8, with alpha 0.05 and beta 0.2,
a minimum of 404 participants would be required. The power calcula-
tion was based on a prevalence of depression of 14% and on a preva-
lence of low sNRP-1 of 25%.

3 | RESULTS

In this cohort of 837 patients with newly diagnosed serologically veri-
fied T2D (women 39%; age 18-94 years), 119 (14%) patients were
depressed. The prevalence of depression was higher in 327 women
than in 510 men (18% vs. 12%, p = 0.006). Younger patients
(<60 years, n = 316) compared to older patients (= 60 years, n = 521)
had a higher prevalence of anxiety (31% vs. 15%, p < 0.001), smoking
(19% vs. 10%, p = 0.001), depression (18% vs. 12%, p = 0.008) and
physical inactivity (37% vs. 27%, p = 0.005); higher levels of HbAlc
(mmol/mol) median (q4, q3) (54 (46, 84) vs. 49 (45, 57), p < 0.001) and
of BMI (kg/m?) (31.8 [28.5, 36.8], vs. 30.2 [27.1, 33.4], p < 0.001);
and lower levels of C-peptide (nmol/L) (1.0 [0.7, 1.4] vs. 1.1 [0.8, 1.7],
p = 0.020).

Median (g4, qs; range) sNRP-1 (ng/mL) was for all 837 patients
268 (226, 328; 66-901). The prevalence of low sNRP-1 (< 226 ng/
mL) was 25% without any sex difference (p =0.23). For the
119 depressed patients, the prevalence of low sNRP-1 did not differ
between seven age groups (p = 0.19) in contrast to the 718 non-
depressed patients, where the prevalence of low sNRP-1 was higher
in the younger age groups and declined significantly within the older
age groups (p = 0.031) (Figure 1). C-peptide ranged from 0.25 to
5.58 nmol/L.

Baseline characteristics and comparisons between depressed and
non-depressed patients are presented in Table 1. The prevalence of
depression differed significantly between the sNRP-1 quartiles for all
837 patients (p <0.001), 316 younger patients (p = 0.009) and
521 older patients (p <0.001). In all patients, the prevalence of
depression was 13% in patients with the highest levels of sNRP-1
(corresponding to the fourth quartile) compared to 45% in patients
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Prevalence of low sNRP-1 for depressed and non- FIGURE 1 The prevalence of low
depressed patients with T2D within 7 age groups (%) sNRP-1 did not differ between the
100 seven age groups for depressed

patients with T2D. The prevalence of
low sNRP-1 was highest within the
80 younger age groups and declined with
older age in non-depressed patients

920

° with T2D. A linear-by-linear
60 association was used.
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B Low sNRP-1 (<226 ng/mL) in depressed patients (p = 0.19)
Low sNRP-1 (<226 ng/mL) in non-depressed patients (p = 0.031)

TABLE 1 Baseline characteristics of 837 patients with newly diagnosed T2D and comparisons between depressed and non-depressed
patients.

All Depression (self-reported)
18-94 18-94 years (n = 837) <60 years (n = 316) 260 years (n = 521)
years
Yes No Yes No Yes No
n 837 119 718 p? 58 258 p? 61 460 p*
Age (years) 65 (55,72) 61(51,72) 65 (56,72) 0.027° 50 (41,54) 53(46,57) 0.004° 72 (66, 78) 70 (66, 75) 0.08°
Sex Women 327 (39) 60 (50) 267 (37) 0.006 34 (59) 74 (29) <0.001 26 (43) 193 (42) 0.92
Men 510 (61) 59 (50) 451 (63) 24 (41) 184 (71) 35(57) 267 (58)
Anxiety 175(21) 76 (64) 99 (14) <0.001 44 (76) 53(20) <0.001 32(52) 47 (10) <0.001
Antidepressants® 83(18) 29 (36) 54 (14) <0.001 20 (46) 20 (14) <0.001 9 (24) 34 (14) 0.14%
sNRP-1 4th 210(25) 16 (13) 194 (27) <0.001¢ 9 (16) 61(24) 0.009¢  7(11) 133 (29) <0.001¢
quartiles 3rd 212 (25) 26(22) 186 (26) 14 (24) 66 (26) 12 (20) 120 (26)
2nd 206 (25) 23(19) 183 (25) 7(12) 70(27) 16 (28) 113 (25)
1st 209 (25) 54 (45) 155(22) 28 (48) 61 (24) 26 (43) 94 (20)
Low sNRP-1 209 (25) 54 (45) 155(22) <0.001 28 (48) 61 (24) <0.001 26 (43) 94 (20) <0.001

(<226 ng/mL)
HbA1c (mmol/mol)® 50 (45, 66) 50 (45, 64) 50 (45, 66) 0.99° 56 (48,78) 53 (46, 85) 0.75° 49 (44, 55) 49 (45, 58) 0.24°

C-peptide (nmol/L) 1.1(08,1.6) 1.2(09,1.9) 10(0.7,1.6) 0.004 1.1(0.8, 1.0(0.7,14) 011 14(1.0,20) 1.1(0.8,1.6) 0.006
1.8)

BMI (kg/m?)f 31 (28, 34) 32(28, 37) 31 (28, 34) 0.002°  36(31,39) 31(28,36) <0.001° 30(27, 34) 30(27,33)  0.69°
Obesity (BMI 230 kg/ 451 (54) 75 (66) 376 (54) 0.025 44 (82) 149 (61) 0.004 31(52) 227 (51) 0.95
mZ)f

Physical inactivity® 240 (31) 45 (42) 195 (29) 0.006 27 (52) 82 (34) 0.013 18 (33) 113 (26) 0.28
Smoking” 109 (13) 23 (20) 86 (12) 0.018 15 (27) 42(17) 0.055 8(14) 44(9) 0.36'
Strokel 62(8) 8(7) 54 (8) 1.00' 3(6) 5(2) 0.16' 5(9) 49 (11) 0.82'
MIX 93(12) 13(12) 80 (12) 0.97 3(6) 8(3) 0.43' 10 (18) 72 (16) 0.70°
Heart failure' 31(4) 6(6) 25 (4) 0.42! 1(2) 2(1) 0.48' 5(11) 23 (6) 0.19'
PAI™ 23(3) 3(3) 20 (3) 1.00' 0(0) 2(1) 1.00' 3(7) 17 (5) 046

Note: Data are presented as n (%), or as median (g, gg).  Pearson Chi-Square unless otherwise indicated. ® Mann-Whitney U Test. Missing values: °368/134/234. ¢ Linear-
by-Linear Association. Missing values: © 9/2/7; f 34/16/18; & 60/20/40; " 20/9/11. Fisher's Exact Test. Missing values: | 54/25/29; ¥57/28/29; ' 142/56/86; ™
145/55/90.1™™ Pre-existing.

Abbreviations: BMI, body mass index; HbAlc, haemoglobin Alc; MI, myocardial infarction; PAI, peripheral arterial insufficiency; SNRP-1, soluble neutropilin-1.
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TABLE 2 Associations with depression presented for all, younger and older patients with newly diagnosed T2D.

Depression (self-reported)

18-94 years <60 years 260 years

COR (95% Cl) p AOR (95% ClI) p? AOR (95% CI) p° AOR (95% CI) p°
Age (per year) 0.98 (0.96-0.99) 0.008 1.02(1.00-1.04) 0.09 0.98(0.94-1.02) 0.35 1.09 (1.04-1.14)  <0.001
Women 1.7 (1.2-2.5) 0.007 1.3(0.8-2.1) 0.30 2.5(1.1-5.5) 0.022 - -
Anxiety 11.1(7.2-17.0) <0.001 11.7(7.0-19.5) <0.001 12.0(5.3-27.0) <0.001 11.9(6.2-22.7) <0.001
Antidepressants 3.4 (2.0-5.9) <0.001 - - - - - -

sNRP-1 quartiles 4th 0.24(0.13-0.43) <0.001 - - - - - -
3rd 0.40 (0.24-0.67) - - - _ _ ;
2nd 0.36 (0.21-0.62) - - - - - -

1st 1 - - - - - -
Low sNRP-1 (<226 ng/mL) 3.0 (2.0-4.5) <0.001 3.3(2.0-5.5) <0.001 6.0(2.6-13.8) <0.001 2.8(1.5-5.2) 0.001
BMI (per kg/m?) 1.1(1.0-1.1) <0.001 1.1(1.0-1.1) 0.016 1.1(1.0-1.2) 0.021 - -
Physical inactivity 1.8 (1.2-2.7) 0.006 1.8(1.1-3.0) 0.018 2.4 (1.1-5.3) 0.031 = =
Smoking 1.8(1.1-3.1) 0.020 1.6(0.8-3.0) 0.14 1.3(0.5-3.2) 0.59 - -

Note: 2= Multiple regression analysis (Backward Wald): N = #736/°279/°457; Nagelkerke R Square 20.32/°0.46/°0.29.
Abbreviations: BMI, body mass index; sSNRP-1, soluble neutropilin-1.

TABLE 3 Comparisons between patients with low and high levels of NRP-1 presented for all, for 316 younger and 521 older patients with
newly diagnosed T2D.

Low soluble neuropilin-1 (<226 ng/mL)

18-59 years (n = 837) <60 years (n = 316) 260 years (n = 521)

Yes No Yes No Yes No
n 209 628 p° 89 227 p? 120 401 p®
Age (years) 63 (52, 70) 65 (56, 72) 0.009° 50 (43, 56) 53 (45, 57) 0.054° 69 (66, 74) 71 (66, 76) 0.11°
Sex  Women 89 (43) 238 (38) 0.23 35(39) 73(32) 0.23 54 (45) 165 (41) 0.45

Men 120 (57) 390 (62) 54 (61) 154 (68) 66 (55) 236 (60)

Depression 54 (26) 65 (10) <0.001 28(32) 30(13) <0.001 26(22) 35(9) <0.001
Anxiety 61 (29) 114 (18) 0.001 33(37) 64 (28) 0.12 28 (23) 50 (12) 0.003
Antidepressants® 28 (24) 55 (16) 0.041 15 (28) 25(19) 0.19 30 (40) 13 (20) 0.18
HbA1c mmol/ 50 (46, 64) 50 (45, 66) 0.82° 53 (47, 82) 54 (46, 85) 0.93° 49 (45, 55) 49 (45, 58) 0.48°

mol®

C-peptide 1.16 (0.80, 1.05 (0.75, 0.13 1.01(0.72, 1.02 (0.73, 0.84 1.31(0.88, 1.09 (0.76, 0.028
(nmol/L) 1.66) 1.57) 1.38) 1.43) 1.81) 1.65)

BMI (kg/m?)e 31 (28, 34) 31 (28, 35) 0.72°  31(28,36) 33(29, 37) 0.12°  31(27,33) 30 (27, 34) 0.71°
Physical 54 (29) 186 (32) 0.43 28 (35) 81(38) 0.69 26 (24) 10 (28) 0.37
inactivity'

Smoking® 35(17) 74 (12) 0.069  21(24) 36 (16) 0.11 14 (12) 38(10) 0.50
Stroke" 17 (9) 45 (8) 0.60 4(5) 4(2) 0.22' 13 (12) 41(11) 0.84
MP 22 (11) 71(12) 0.80 6(8) 5(2) 0078 16 (14) 66 (17) 0.42
Heart failure® 5(3) 26 (5) 030° 1(1) 1(1) 1.00' 4(4) 24 (7) 0.48°
PAl 3(2) 20 (4) 022° 0 2(1) 1.00' 3(3) 18 (5) 0.43°

Note: Data are presented as n (%), or as median (q4, gs). 2Pearson Chi-Square unless otherwise indicated. "Mann-Whitney U Test. Missing values: ©
368/134/234;99/2/7; © 34/16/18; f 60/20/40; & 20/9/11. " 54/25/29. ' Fisher's Exact Test. Missing values: } 57/28/29;  142/56/86; ' 145/55/90. "'
Pre-existing.

Abbreviations: BMI, body mass index; HbAlc, haemoglobin Alc; MI, myocardial infarction; PAI, peripheral arterial insufficiency; SNRP-1, soluble
neutropilin-1.
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with low sNRP-1 (corresponding to the first quartile). Among the
younger patients, comparisons between 58 depressed and 258 non-
depressed patients showed that women had a higher prevalence of
depression compared to men, and that the depressed patients had a
higher prevalence of anxiety, use of antidepressants, low sNRP-1 and
higher median BMI levels (all p < 0.001); were younger (p = 0.004);
and had a higher prevalence of physical inactivity (p = 0.013). Among
the older patients, 61 depressed patients compared to 460 non-
depressed had a higher prevalence of anxiety and low sNRP-1 (both
p < 0.001) and higher levels of C-peptide (p = 0.028).

Associations with depression are presented in Table 2. In all
patients, the associations with depression were significantly lower for
the 2nd, 3rd and 4th quartiles of SNRP-1 levels compared to the first
quartile (COR 0.36, COR 0.40 and COR 0.24 respectively, p < 0.001).
In patients aged 18-94years (nh=736), anxiety (AOR 11.7,
p < 0.001), low sNRP-1 (AOR 3.3, p < 0.001), BMI (per kg/m?) (AOR
1.06, p = 0.016) and physical inactivity (AOR 1.8, p = 0.018) were
independently associated with depression. The use of antidepressants
was associated with depression in the whole cohort (p < 0.001) but
was not included in the multiple logistic regression analyses. In the
younger patients (n = 279), anxiety (AOR 12.0, p < 0.001), low
sNRP-1 (AOR 6.0, p < 0.001), BMI (per kg/m?) (AOR 1.08, p = 0.021),
women (AOR 2.5, p=0.022) and physical inactivity (AOR 2.4,
p = 0.031) were independently associated with depression. In the
older patients (n = 457), older age (per year) (AOR 1.09, p < 0.001),
anxiety (AOR 11.9, p < 0.001) and low sNRP-1 (AOR 2.8, p = 0.001)
were independently associated with depression. Variables with
p-values >0.10 for the CORs were not included in the multiple regres-

sion analyses.

SNRP-1 (per ng/mL) was not associated with C-peptide (per
nmol/L) (unstandardized B coefficient — 0.002, p = 0.37).

Comparisons between patients with low and high sNRP-1 are
presented in Table 3. In the whole cohort, the patients with low
sNRP-1 had a higher prevalence of depression (p < 0.001), anxiety
(p = 0.001) and use of antidepressants (p = 0.041); and were younger
(p = 0.009). In the younger patients, only the prevalence of depres-
sion was significantly higher in patients with low sNRP-1. In the older
patients, the prevalence of depression (p <0.001) and anxiety
(p = 0.003), and the C-peptide levels were higher in patients with low
sNRP-1 (p = 0.028).

Associations with low sNRP-1 are presented in Table 4. In patients
aged 18-94 years (n = 817), depression (AOR 3.1, p < 0.001) and lower
age (per year) (AOR 0.98, p = 0.016) were independently associated
with low sNRP-1. In the younger patients (n = 288), depression (AOR
3.3, p < 0.001), myocardial infarction (AOR 3.8, p = 0.039) and lower
age (per year) (AOR 0.97, p = 0.043) were independently associated
with low sNRP-1. In the older patients (n = 521), depression (AOR 3.1,
p < 0.001) and lower age (AOR 0.97, p = 0.030) were independently
associated with low sNRP-1. Variables with p-values >0.10 for the

CORs were not included in the multiple regression analyses.

4 | DISCUSSION

The main finding of this study of 837 adults with newly diagnosed
T2D and maintained insulin production was that both younger and
older patients with depression (self-reported) had a significantly

higher prevalence of low sNRP-1 (<226 ng/mL) compared to those

TABLE 4 Associations with low levels of neuropilin-1 presented for all, younger and older patients with newly diagnosed T2D.

Low soluble neuropilin-1 (<226 ng/mL)

18-94 years <60 years 260 years

COR (95% Cl) p AOR (95% Cl) p? AOR (95% Cl) p° AOR (95% Cl) p°
Age 0.98(0.97-0.99)  0.004 0.98(0.97-1.00)  0.016 0.97(0.94-1.00) 0.043 0.97 (0.94-1.00)  0.030
Women 1.2 (0.9-1.7) 0.23 - - - - - -
Depression 3.0(2.0-4.5) <0.001 3.1(2.0-4.7) <0.001 3.3(1.7-6.2) <0.001 3.1(1.8-5.5) <0.001
Anxiety 1.9 (1.3-2.7) 0.001 1.2(0.7-1.8) 0.52 - 1.4 (0.8-2.6) 0.24
Antidepressants 1.6 (0.8-3.4) 0.19 - - - - - -
HbA1c (per mmol/mol) 1.00 (0.99-1.01) 0.80 - - - - - -
C-peptide (nmol/L) 1.1(0.9-1.4) 0.33 - - - - -
BMI (per kg/m?) 1.0 (1.0-1.0) 0.65 = = = = -
HbA1c (per mmol/mol) 1.00 (0.99-1.01) 0.80 - - - - -
Physical inactivity 0.8 (0.6-1.2) 043 - - - - -
Smoking 1.5(1.0-2.3) 0.071 1.2 (0.8-2.0) 0.34 - - - -
Stroke ¢ 1.2(0.7-2.1) 0.60 - - - - - -
Ml € 0.9 (0.6-1.6) 0.80 - - 3.8(1.1-13.8) 0.039 - -
Heart failure 0.6 (0.2-1.5) 0.26 - - - - - -
PAI & 0.4 (0.1-1.5) 0.18 - - - - - -

Note: 3~ Multiple regression analysis: Backward (Wald): N = 2817/°288/°521; Nagelkerke R Square 20.063/°0.112/°0.052. 98 Pre-existing.
Abbreviations: BMI, body mass index; HbA1c, haemoglobin Alc; MI, myocardial infarction; PAI, peripheral arterial insufficiency; SNRP-1, soluble

neutropilin-1.
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without depression. In the younger patients (<60 years), low sNRP-1,
anxiety, higher BMI, women and physical inactivity were indepen-
dently associated with depression. In the older patients (260 years),
low sNRP-1, anxiety and older age were independently associated
with depression. In the younger patients, depression, pre-existing
myocardial infarction and younger age were independently associated
with low sNRP-1. In the older patients, only depression and younger
age were independently associated with low sNRP-1. BMI, HbAlc,
C-peptide, smoking, physical inactivity, anxiety and the use of antide-
pressants were not associated with low sNRP-1.

We hypothesized that low levels of sSNRP-1 would be associated
with depression and our hypothesis was confirmed. Our findings are
new and as per our knowledge, a potential association between
depression and sNRP-1 has not previously been explored. Depression
may be both a risk factor for and a symptom of neurodegeneration
due to dementia.*® In people with Alzheimer's disease, increased
levels of the NRP-1 receptor have been demonstrated in the brain
tissue, 2 while lower levels of sNRP-1 have been demonstrated in
serum.*® We have not quantified the NRP-1 receptor, so we do not
know whether low levels of sSNRP-1 reflect high levels of the NRP-1
receptor in the brains of these patients. We also found an association
between low sNRP-1 and pre-existing myocardial infarction in the
younger patients. In previous clinical and experimental research,
the NRP-1 receptor has been explored in relation to coronary plaque,
myocardial ischaemia and infarction,?>24%3 but we have not found
any previous studies exploring the plasma levels of sSNRP-1 in people
with ischaemic cardiovascular disease. Depression, stress responses,
T2D and cardiovascular disease share several pathophysiological
mechanisms, such as disturbances of the hypothalamus-pituitary-
adrenal (HPA) axis.1#"1¢19:203548 |t has heen demonstrated in previ-
ous research that VEGF is down-regulated by stress and up-regulated
by antidepressants.>>¢ VEGF is essential for the induction of the pro-
teolysis leading to the cleavage of the NRP-1 receptor and the secre-
tion of sSNRP-1.38 This implies that low levels of SNRP-1 may be a
consequence of stress. We found that younger age, independently of
depression, was associated with a higher prevalence of low sNRP-1.
According to the Swedish National Public Health Report (2012), youn-
ger people compared to older people experience higher levels of
stress.*” Both stress® and old age** contribute to the development
of T2D, so the finding of an association between low sNRP-1 and
younger age may be an important finding in patients with newly
diagnosed T2D.

HbA1c was not associated with low sNRP-1, which is in line with
results from a previous study of critically ill patients where sNRP-1
was not associated with HbA1c.>® As low sSNRP-1 was associated with
depression but not with glycaemic control (HbA1c), BMI or C-peptide
levels, our findings may not be restricted to T2D patients.

There were several strengths of our study. The number of partici-
pants was high and by far outreached the minimum necessary number
of participants according to the power calculation. Precise ELISA tech-
nigues were used, and the assays showed low intra-assay coefficients

of variation for sSNRP-1. The self-report instrument used to explore

depressive symptoms, HADS-D, has been widely used in research and
has shown high validity for assessing depressive symptoms both at an
individual and collective level.>”:10-1216:44-47 The clinjcal diagnoses of
T2D were serologically verified.*> We controlled for relevant variables

18,51 45,51 physical inactivity,*>°2

17,18,45

such as age SEX, obesity,®

smoking,*>>® HbA1c” and cardiovascular disease, which all
have been linked to depression. We also explored a potential associa-
tion between C-peptide and sNRP-1, as the NRP-1 receptor has been

3439 and may be involved in B-cell failure.3®

linked to insulin sensitivity
We decided to present our results for both patients younger than
60 years and older as the likelihood of Alzheimer's disease is low in
patients younger than 60 years. In western Europe, the prevalence of
Alzheimer's disease is about 0.7% in people aged 60-64 years and
increases by age.>*

There are limitations to this study. We do not know if patients
with Alzheimer's disease were included. However, people who could
not complete HADS due to cognitive difficulties were not included,
and the prevalence of low sNRP-1 was high also in the very young
patients with depression, where the likelihood of Alzheimer's disease
is very low. Self-reported depression was not verified by a clinical
diagnosis, but there was a significant association between self-
reported depression and the use of antidepressants.

We cannot determine any causality in this cross-sectional study.
In further research, it would be of interest to systematically explore
links between depression, stress, plasma VEGF, the NRP-1 receptor,
sNRP-1, cortisol secretion, cardiovascular disease and Alzheimer's dis-
ease, both in people with and without T2D. Is perceived stress corre-
lated to low sNRP-1 levels? In longitudinal studies it would be
interesting to explore whether sNRP-1 can be used for evaluation of
treatment efficacy. Will the levels of sSNRP-1 increase if the symptoms
of depression successfully decline? It would also be interesting to per-
form longitudinal studies exploring whether sNRP-1 could be used as
a risk marker for the development of cardiovascular disease or Alzhei-
mer's disease in general cohort studies.

Clinically, due to the strong links between depression and meta-

5,6-14,16

bolic, immunological and hormonal

4,13

disturbances,

dementia, 417,18

cardiovascular disease and all-cause mortality,
we find it of utmost importance to identify and treat depression in
patients with newly diagnosed T2D. We suggest routinely using self-
report instruments for the detection of depression at the time of the
T2D diagnosis. There is research supporting that antidepressants
may have neuroprotective effects, improve cognitive function in
depressed elderly patients and reduce the risk of developing Alzhei-
mer's disease.?®55 Recent research has also shown antidepressant
effects of GLP-1 receptor agonists,®® which may also reduce weight
and have protective effects against dementia and cardiovascular
disease.””>®

In conclusion, low levels of sSNRP-1 were clearly associated with
depression in the whole cohort of adult patients with newly diagnosed
T2D. In the younger patients, depression, pre-existing myocardial
infarction and younger age were independently associated with low

levels of sSNRP-1.
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