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Background: There is little longitudinal information on psychological burden and metabolic outcomes in young adults with dia-
betes (YAD) in Asia. We aimed to evaluate the association between psychological status and glycemia at baseline and 2 years fol-
lowing transition in a cohort of YAD in Singapore.

Methods: Subjects with type 1 diabetes mellitus (T1IDM) and type 2 diabetes mellitus (T2DM), aged 17 to 25 years, were recruited
from the YAD clinic in Singapore General Hospital. The Hospital Anxiety and Depression and Problem Areas for Diabetes scales
were administered at transition (baseline) and at 18 to 24 months. Glycosylated hemoglobin (HbA1c) assessed during routine
visits was tracked longitudinally.

Results: A total of 98 TIDM (74.8%) and 33 T2DM (25.2%) subjects were recruited between January 2011 and November 2017.
At baseline, mean HbAlc was 8.6%+ 1.7%. Only 26.0% achieved HbA1c of <7.5% and 16.8% achieved HbA1lc of <7%. At base-
line, prevalence of anxiety was 29.8%. At 24 months, 14.1% had persistent anxiety. Those with persistent anxiety had the highest
mean HbAlc, particularly at 6 months (persistently anxious vs. persistently non-anxious: 9.9%+1.2% vs. 8.2%+1.9%, P=0.009).
At baseline, 9.2% of subjects had depression. This group also had poorer glycemia at baseline (HbA1c of depressed vs non-de-
pressed: 9.6%+2.1% vs. 8.5%+1.6%, P=0.04), which persisted up to 24 months.

Conclusion: The majority of YAD in Singapore have suboptimal glycemia. Psychological distress is a critical harbinger of poorer

metabolic outcomes.

Keywords: Anxiety; Depression; Diabetes mellitus, type 1; Diabetes mellitus, type 2; Young adult

INTRODUCTION

The prevalence of diabetes increased worldwide in the last four
decades, and particularly so in Asia, where the largest and fast-
est increase has been observed [1]. More worryingly, this dia-
betes epidemic is marked by a rapidly expanding population of
patients with young onset diabetes [2]. At least 18% of individ-
uals with type 2 diabetes mellitus (T2DM) in the Joint Asia Di-
abetes Evaluation (JADE) Program were diagnosed below the
age of 40 years [3]. The younger age at diabetes onset means a
longer exposure to hyperglycemia and potential for accrual of

diabetes-related complications. The trend toward increasing
prevalence and disease burden of diabetes in young adults
(aged 18 to 30 years) emphasizes the need to optimize diabetes
care in this group [2].

The transition from pediatric-oriented to adult care contrib-
utes to challenges in managing diabetes in young adults [4].
Transition goes beyond a simple shift in geographical location
and healthcare providers. It involves natural physiological
changes that occur in this age group and psychosocial changes
from transformations in the paradigm of care, both from the
parents’ and the young adults’ perspectives [5,6]. This period
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also coincides with competing academic, economic, and social
priorities. The rapidly evolving societal identities and roles of
these individuals may induce vulnerability and may lower the
prioritization of diabetes self-care [4].

Unsurprisingly, young adulthood is often characterized by
deteriorating glycemia. Data from the Type 1 Diabetes Ex-
change registry demonstrated that the peak mean glycosylated
hemoglobin (HbA1c) of 9.2% occurs at age 19 years [7]. Simi-
larly, data from Europe and Oceania showed that young adults
with type 1 diabetes mellitus (T1DM) were less likely to
achieve the HbA1c target of <7% and <7.5% as recommended
by the International Society for Pediatric and Adolescent Dia-
betes and American Diabetes Association, respectively [8-11].
In Asia, the literature on metabolic outcomes of young adults
with diabetes (YAD), particularly those with T1DM, is scarce.
The JADE Program demonstrated that patients with young
onset of T2DM had longer disease duration, higher mean
HbAlc, and higher rates of diabetes complications than those
with older onset of diabetes (after age 40 years) [3].

The deterioration in metabolic parameters during young
adulthood highlights the presence of factors beyond those
managed through conventional treatment, a critical compo-
nent of which is mental health. Rates of depression (10% to
35%) and anxiety (9% to 21%) in adolescents with diabetes are
reportedly high [12-14]. To date, most psychological studies
have been cross-sectional or have a limited follow-up. Accord-
ingly, there have been few longitudinal evaluations to quantify
the long-term effects of psychological burden on metabolic
outcomes. This is particularly so in Asia, where the mental
health of this vulnerable age group is not well-studied, and
structured transition from pediatric to adult care is often not
well-established [15].

In this study, we aimed to characterize the trajectory of the
glycemia of YAD following entry into the Young Adult with
Diabetes clinic in Singapore General Hospital, Singapore. We
also aimed to assess the prevalence of anxiety and depression
in this cohort at baseline and at 24 months following transi-
tion, and its relationship with glycemia. We hypothesized that
anxiety and depression would associate with poorer glycemia
and a higher rate of diabetes-related hospitalizations.

METHODS

Ethical committee approval for this study was obtained from
the SingHealth Centralised Institutional Review Board in 2011
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(CIRB 2011/503/C).

Subjects

Subjects aged 17 to 25 years with TIDM and T2DM attending
the YAD clinic were recruited between January 2011 and No-
vember 2017. Pregnant women, prisoners, and subjects above
the age of 25 years at entry into the clinic were excluded. The
data collected forms part of an ongoing longitudinal observa-
tional study of diabetes self-management, psychological status,
and metabolic parameters among YAD in Singapore. All eligi-
ble subjects had the opportunity to clarify queries regarding
the study before providing consent. Parental consent was also
obtained for subjects under 21 years of age.

Study setting

The YAD clinic at Singapore General Hospital was set up in
January 2011; its initial purpose was to provide a structured
transition service for pediatric patients with diabetes who
needed to move toward adult-oriented care. The clinic since
expanded to accept all 17- to 25-year-old with diabetes.

As part of routine clinical care, all first-visit subjects had a
review of their diabetes diagnosis and management to date,
knowledge of diabetes self-management, and need for finan-
cial or counseling aid. Diabetes subtype allocations were re-
viewed. Insulin users with positive antibodies to glutamic acid
decarboxylase (anti-GAD Ab), and/or a random C-peptide
level of <0.2 nmol/L were classified as having T1DM [16-18].
Subjects who did not fulfill these criteria were managed as
T2DM.

Follow-up visits took place every 3 to 4 months. The clinic
provided a one-stop geographical set-up in which the endocri-
nologist, diabetes nurse educator, dietitian, and medical social
worker tended to the subjects based on their needs. Individuals
with TIDM were encouraged to attend the Singapore Dose
Adjustment for Normal Eating (SgDAFNE) Programme, a
structured education program for TIDM patients on self-
management and advanced carbohydrate counting [19]. As
part of the routine clinical care, subjects who expressed major
depressive symptoms or distress were referred to the psychia-
trist for mental health evaluation and treatment.

Measurements

Data collection was between January 2011 and February 2018.
Demographics and clinical characteristics of subjects were ob-
tained from hospital electronic health records at the point of
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entry into the YAD clinic including sex, ethnicity, height,
weight, and body mass index (BMI), diabetes subtype, and the
presence of albuminuria and retinopathy. Digital retinal pho-
tography was performed annually. Images were graded and re-
ported by a centralized reading center. Screening for albumin-
uria also occurred annually. The presence of albuminuria was
defined as a microalbumin:creatinine ratio on a spot urine of
>3.4 mg/mmol on more than one occasion [20], or treatment
with an angiotensin converting enzyme inhibitor or angioten-
sin receptor antagonist for the condition anytime during the
study period.

HbAlc was measured using a National Glycohemoglobin
Standardization Program (NGSP)-certified immunoassay (Ti-
na-quant Gen 3; Roche Diagnostics, Basel, Switzerland) [21].
These HbA 1c¢ values were retrieved at clinic entry, 6, 12, and 24
months after transition. Diabetes-related hospital admissions
during the study period were collated from hospital medical
records. Clinic attendance rates were computed by dividing the
attended visits by the total number of scheduled visits multi-
plied by 100.

Psychological status of recruited subjects was measured us-
ing the Hospital Anxiety and Depression Scale (HADS) at
transition and 18 to 24 months into follow-up. HADS is a 14-
item questionnaire with two subscales, Anxiety (HADS-A)
and Depression (HADS-D). Subscale scores were computed
from the sum of the respective subscales’ item responses. A
score of 0 to 7 is regarded as normal, 8 to 10 as mild, and 11 to
21 as moderate to severe levels of the respective states [22]. In
this study, anxiety and depression were defined as HADS-A
>8 and HADS-D =28, respectively. Diabetes-related distress
was assessed using the Problem Areas in Diabetes Scale
(PAID). A total score of >40 was used as the threshold to indi-
cate significant diabetes-related distress [23].

Statistical analysis

All analyses were performed using IBM SPSS Statistics version
21.0 for Windows (IBM Co., Armonk, NY, USA). Compari-
sons between diabetes subtypes, HbAlc, and anxiety or de-
pression groups were performed using a chi-square test or in-
dependent samples two-tailed Student’s ¢-test where appropri-
ate. A P<0.05 was considered statistically significant. Graphs
were generated using GraphPad Prism version 8.2.1 for Win-
dows (GraphPad Software, San Diego, CA, USA).
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RESULTS

Baseline characteristics

A total of 155 YAD attending the YAD clinic were screened be-
tween January 2011 and November 2017, and 131 subjects
were recruited (Supplementary Fig. 1). The cohort comprised
69.5% Chinese, 13.7% Indian, and 14.5% Malay ethnicities
(Table 1), and 98 (74.8%) subjects had T1DM. Within this co-
hort of young adults (mean age of 19.6+2.1 years) with diabe-
tes (mean duration of diabetes 8.2+5.0 years), a substantial
proportion had albuminuria (14.5%) and diabetic retinopathy
(6.1%). At baseline, mean HbAlc of the TIDM group and

Table 1. Demographics and baseline characteristics of the
study cohort, and by diabetes subtype

Study TIDM T2DM
Characteristic cohort (n=98, (n=33, Pvalue
(n=131) 74.8%) 25.2%)
Age, yr 19.6+2.1 19.6+£2.0 19.7£2.6 0.74°
BML, kg/m* 23.7+4.5 224430 27.6+59 <0.001*
Duration of disease, yr 8.2+50 9.3+48 49+40 <0.001*
Sex 0.07°
Female 74 (56.5) 60 (61.2) 14 (42.4)
Male 57 (43.5) 38(38.8) 19(57.6)
Ethnicity 0.72°
Chinese 91(69.5) 66 (67.3) 25(75.8)
Indian 18(13.7) 15(15.3) 3(9.1)
Malay 19(14.5) 15(15.3) 4(12.1)
Others 323)  2(21)  1(3.0)
HbAlc, % 8.6t1.7 8513 9.0+23 0.12°
No. of subjects with HbAlc 0.02°
<7.5% 34(26.0) 25(25.5) 9(27.3)
>7.5% to <10% 76 (58.0) 62(63.3) 14(42.4)
>10% 21(16.0) 11(11.2) 10(30.3)
Presence of albuminuria 0.09°
Yes 19(145) 11(11.2) 8(24.2)
No 112 (85.5) 87(88.8) 25(75.8)
Presence of retinopathy Lo
Yes 8(6.1) 6(6.1) 2(6.1)
No 123(93.9) 92(93.9) 31(93.9)

Values are presented as mean * standard deviation or number (%).
T1DM, type 1 diabetes mellitus; T2DM, type 2 diabetes mellitus;
BMI, body mass index; HbA1c, glycosylated hemoglobin.

“The Pvalue is based on a two-sample ¢-test, *The P value is based on a
chi-square test.
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T2DM group were 8.5%+1.3% and 9.0%*2.3%, respectively.
Pre-transition HbAlc (up to 6 months) was available in 127 of
131 subjects. In TIDM subjects, HbAlc was higher pre-transi-
tion compared with transition baseline (8.9%+2.1% vs. 8.5% +
1.3%, P=0.002) but unchanged in T2DM (9.2%+2.6% vs.
9.0%+2.3%, P=0.68). Despite a significantly shorter duration
of diabetes (4.9+4.0 years vs. 9.3+4.8 years, P<0.001), a great-
er proportion of the T2DM group had poor glycemia at base-
line (proportion with HbAlc >10%, T2DM vs. TIDM: 30.3%
vs. 11.2%, P=0.02). The T2DM group also had a higher mean
BMI (27.6+5.9 kg/m® vs. 22.4+3.0 kg/m’, P<0.001).

Prevalence of anxiety and depression at transition and 24
months into follow-up

Prevalence of anxiety and depression in the cohort of 131 sub-
jects was assessed at baseline. A comparison of demographic
and clinical characteristics between groups with and without
anxiety and depression is presented in Table 2. Anxiety was
present in 39 (29.8%) of the subjects. Sixteen (12.2%) of the co-
hort demonstrated moderate to severe anxiety (HADS-A >11).

The mean HADS-A scores in the TIDM and T2DM groups
were 6.2+3.6 and 5.5+3.9 (P=0.32), respectively. Depression
was less prevalent (12 [9.2%]) than anxiety. Four (3.1%) dis-
played moderate to severe depression (HADS-D >11). The
mean HADS-D scores in T1IDM and T2DM groups were 3.1+
3.1 and 3.3+3.0 (P=0.75), respectively. Ten (7.6%) subjects
had both anxiety and depression.

The mean PAID score in this cohort was 28.6+19.2, with 38
(29.0%) of the subjects scoring >40. Subjects from the anxious
(A) group had significantly higher PAID scores than subjects
from non-anxious (NA) group (40.0+£17.9 vs. 23.7+17.7, P<
0.001). Similarly, the depressed (D) group had higher PAID
scores than the non-depressed (ND) group (43.2+22.9 vs.
27.1£18.3, P<0.005). Correlation analysis revealed moderate
correlation between PAID and HbA1c at both transition (r=
0.3, P<0.01) and 24 months (r=0.35, P<0.01).

Ninety-nine subjects had a psychological assessment at both
transition and 24-month follow-up. There were no significant
differences in HADS-A and HADS-D scores between TIDM
and T2DM at 24 months. Subjects were grouped according to

Table 2. Comparison of demographics and status of diabetes at transition, according to presence of anxiety and depression at

baseline
Variable ?:11:1; ;l)s No?n—ing);i)o us Pvalue D(e:iels ;;d NOI(lT_ief f ;;sed Pvalue
Age, yr 19.7+£22 19.6+£2.1 0.66 20.2+2.1 19.6+£2.1 0.35°
BML, kg/m’ 23.9+4.0 23.6+4.7 0.70° 24.4+4.2 23.6+4.5 0.59°
Sex 0.90°
Female 21(53.8) 53 (57.6) 0.69° 7(58.3) 67 (56.3)
Male 18 (46.2) 39 (42.4) 5(41.7) 52 (43.7)
Diabetes subtype 0.99°
T1DM 30(76.9) 68 (73.9) 0.72° 9(75.0) 89 (74.8)
T2DM 9(23.1) 24 (26.1) 3(25.0) 30(25.2)
Duration of disease, yr 7.9+4.7 83+5.2 0.66° 8.6+5.0 8.1%5.0 0.76*
HbAlc, % 89+1.7 85+1.6 0.28° 9.6+2.1 85+1.6 0.04°
Presence of albuminuria 0.01°
Yes 10 (25.6) 9(9.8) 0.02° 5(41.7) 14 (11.8)
No 29 (74.4) 83(90.2) 7(58.3) 105 (88.2)
Presence of retinopathy 0.74°
Yes 4(10.3) 4(4.3) 0.20° 1(8.3) 7(5.9)
No 35(89.7) 88 (95.7) 11(91.7) 112 (94.1)

Values are presented as mean * standard deviation or number (%).

BMI, body mass index; TIDM, type 1 diabetes mellitus; T2DM, type 2 diabetes mellitus; HbA1c, glycosylated hemoglobin.
“The P value is based on a two-sample t-test, "The P value is based on a chi-square test.
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change in anxiety status at 24 months. Those whose HADS-A
scores were <8 at both transition and 24 months were catego-
rized as persistently non-anxious (PNA). Subjects with HADS-
A scores 28 at both transition and 24 months were categorized
as persistently anxious (PA). Subjects whose anxiety status
changed over 24 months, either from anxious to non-anxious
or vice versa, were deemed to have fluctuating levels of anxiety
(FA). Although the majority (51.5%) of the cohort remained
free from symptoms of anxiety at 24 months, 34 (34.3%) had
FA, with more subjects moving from NA to A (20 [20.2%])
than from A to NA (14 [14.1%]). Fourteen (14.1%) had PA
from transition to 24 months into follow-up.

Similarly, subjects were grouped according to change in de-
pression status at 24 months. Although the majority (81.8%) of
the cohort remained free from symptoms of depression at 24
months, more subjects moved from ND to D (8 [8.1%]), than
from D to ND (5 [5.1%]). Five (5.1%) had persistent depres-
sion. These results suggest a trend toward worsening anxiety
and depression scores following transition in this cohort.

Association between anxiety, glycemia, and diabetes
distress

At baseline, there was no difference in glycemia between sub-
jects with anxiety and subjects without anxiety (A vs. NA,

-e-Non-anxious M Anxious -4- Whole cohort

dmj

HbAlc: 8.9%%1.7% vs. 8.5%+1.6%, P=0.28) (Fig. 1A). This
between-group difference in HbAlc increased at 6 months and
reached statistical significance (A vs. NA, HbAlc: 9.1%+1.8%
vs. 8.3%+1.7%, P=0.025). Thereafter, the difference decreased
and was no longer significant from 12 months onward. The
correlations between HADS-A scores and HbA1c were weak at
both transition and 24 months and not statistically significant.

We compared the HbAlc between the three anxiety change
groups (PA, PNA, and FA), and demonstrated more apparent
differences in glycemia. Subjects who were PA had consider-
ably higher HbAIc than subjects in the PNA and FA groups.
This difference was the greatest at 6 months (PA vs. PNA,
HbA1c: 9.9%+1.2% vs. 8.2%+1.9%, P=0.009). This difference
in HbA1lc levels between the PA and PNA groups was ob-
served to persist through 24 months, although this was not
statistically significant (Fig. 1B). No significant changes in
HbA1c were noted between the group that moved from NA to
A, and the group that moved from A to NA.

In addition to worse glycemia, the PA group was also char-
acterized by significantly higher PAID scores at baseline and
24-month follow-up (47.4+15.5 and 45.6+20.8, respectively),
compared with the FA (32.6+17.2 and 32.4+21.0, respective-
ly) and PNA groups (21.1+16.3 and 18.1+13.0, respectively).
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. _ 100 [T, 99
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Fig. 1. (A) Mean glycosylated hemoglobin (HbA1c) over 24 months by anxiety status at baseline. Mean HbA 1¢ of the whole co-
hort is denoted by a gray dotted line. (B) Mean HbA1c over 24 months based on the pattern of anxiety status change. Error bar
represents standard error of mean. “Represents P<0.05 for comparisons between the non-anxious (NA) and anxious (A) groups.
N (NA/A) denotes number of subjects in the NA and A groups, respectively, "Represents P<0.05. N (PNA/FA/PA) denotes the
number of subjects in the persistently non-anxious (PNA), fluctuating levels of anxiety (FA), and persistently anxious (PA)
groups, respectively.
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Fig. 2. Mean glycosylated hemoglobin (HbAlc) over 24
months by depression status at baseline. Mean HbAlc of the
whole cohort is denoted by a gray dotted line. Error bar repre-
sents standard error of mean. *Represents P<0.05 for compari-
sons between the non-depressed (ND) and depressed (D)
groups. N (ND/D) denotes the number of subjects in the ND
and D groups, respectively.

Association between depression, glycemia, and diabetes-
related distress

Subjects with depression at transition had poorer glycemia at
baseline compared with subjects without depression (D vs.
ND, HbAlc: 9.6%+2.1% vs. 8.5%*1.6%, P=0.04) (Fig. 2).
This finding remained statistically significant throughout the
first 12 months, with the difference in HbA1lc between the D
and ND groups being the greatest at 6 months (D vs. ND,
HbAlc: 10.0%+1.8% vs. 8.4%+1.7%, P=0.004). We did not
find any strong or significant correlation between HADS-D
scores and HbA Ic at transition or 24 months.

We analyzed the differences in HbAlc between subjects
grouped according to change in depression status at 24
months. There were no significant differences in glycemia be-
tween the PD, PND and FD groups at any time point (Supple-
mentary Fig. 2).

Clinical attendance and hospitalization data

Hospitalization rates for hyperglycemic crises and severe hy-
poglycemia from the PNA, FA, and PA groups were not signifi-
cantly different (6 [11.8%], 5 [14.7%], and 2 [14.3%)], respec-
tively). A higher hospitalization rate was noted in the D group
(4 [40.0%]), compared with the ND group (9 [10.1%], P<
0.05). Clinic attendance census per annum increased from 138
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visits in 2011 to 437 visits in 2017, with a no-show rate ranging
from 17.1% to 25.5% (average no-show rate of 21.0% over 7
years). There was no significant difference in outpatient clinic
attendance rates between the PNA, FA, and PA groups (84.9% +
19.6%, 84.0%+18.4%, and 80.2%+21.7%, respectively; P=
0.73). Similarly, no statistically significant difference was found
in clinic attendance rates between the ND and D groups (84.4% +
19.7% vs. 79.1% £ 18.6%, P=0.5).

DISCUSSION

This prospective observational study in YAD, managed within
a multidisciplinary team in Singapore, is the first to report on
glycemia and prevalence of diabetes-related complications at
baseline within this age group in Southeast Asia. We demon-
strated that at transition, glycemia was suboptimal in the ma-
jority of the cohort. We also demonstrated the association
among anxiety, depression and glycemia of YAD at transition
and the trajectory of these relationships 24 months later.

At both baseline and 24 months later, approximately one-
third (29.8%) of this group of YAD had anxiety, and 14.1% re-
mained PA. Notably, anxiety was observed to correlate with a
higher HbAIclevel at baseline, with subjects who remained PA
consistently having higher HbA1c throughout the 24 months
of observation. These rates of anxiety in the current cohort are
higher than the reported 9% to 21% from the United States and
Europe [13,24,25]. This could be related to the much lower in-
cidence of T1IDM in Asian countries (e.g., incidence of T1IDM
between the ages of 0 and 14 years: 27.9 per 100,000 in Norway,
2.5 per 100,000 in Singapore) [2,26]. Given the low incidence
and hence lower awareness of TIDM in Asia, the psychological
burden of an individual living with TIDM in Asia would per-
ceivably be substantial [27]. Furthermore, among the T1IDM
and insulin-treated T2DM groups, the complexity of tools re-
quired in diabetes management may lead to stigma [28,29]. It
has been shown that stigma is prevalent in YAD and is associ-
ated with poor metabolic outcomes [30].

The relationship between anxiety and diabetes self-manage-
ment in young adults is complex. First, it is difficult to ascer-
tain if symptoms of anxiety in YAD are from living with the
chronic condition or from other competing interests in late ad-
olescence. Analysis of the prevalence of anxiety in young adults
with and without diabetes may provide insights into the poten-
tial role of chronic disease in the development of anxiety. How-
ever, such data is scarce, and there is heterogeneity in the in-
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struments employed to assess anxiety symptoms in subjects
with diabetes [31]. A Norwegian population-based study
found no significant differences in mental health scores be-
tween adolescents with TIDM and adolescents without [32].
These results may not be immediately applicable to Asia be-
cause of the lower prevalence of TIDM in Asia and the differ-
ent healthcare systems and cultural contexts [2,26]. Few stud-
ies have investigated whether diabetes could lead to incident
anxiety, and others have proposed that the relationship be-
tween diabetes and anxiety is likely bidirectional [33].

Over the 2-year follow-up period, we have demonstrated
that anxiety at baseline is associated with poorer glycemia.
Subjects with PA consistently fared worse than the NA group
and the group with FA. There was an early divergence in
HbA1c between subjects with and without anxiety, particularly
at 6-month post-transition. This finding could be a reflection
of the physical and psychological challenges during the transi-
tion period. With attendance in the multidisciplinary adult
services post-transition, some of the gaps in knowledge and
skillsets required for diabetes self-management could be ad-
dressed. This may explain the fall in HbAlc in the PNA group
and the difference in glycemic control between the PA versus
PNA group at 6 months. Through the 24 months there remains
a trend toward higher HbAlc levels in subjects who were PA
versus subjects who were PNA. The non-significance of the
difference in HbAlc at the end of 24-month follow-up might
be related to the sample size. This data seems to suggest that re-
gardless of the direction of causality, it would be important to
systematically screen for and address anxiety promptly because
of the association of persistent anxiety with poorer glycemia.

The prevalence of depression was 9.2% in this cohort of
young adults, which is lower than the 10% to 35% reported
from North America and Australia [12-14]. This difference
could be related to the use of different evaluation methods to
detect depression (e.g., the Patient Health Questionnaire
[PHQ-8/9]). We used the HADS-D, which is well-validated in-
ternationally and has been found to be a robust screening tool
for mental disorders [34]. PHQ-9 may also overestimate de-
pression in subjects with diabetes because of the inclusion of
items such as symptoms of diabetes [35]. Second, there are cul-
tural differences in expression of depressive symptoms, with
the Asian culture encouraging resilience and withstanding of
hardship, making the diagnosis of depression more challeng-
ing [36,37].

Subjects with symptoms of depression had significantly
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higher HbA1c in the first 12 months following transition. This
observation echoes the finding that metabolic outcome is
worse in TIDM and T2DM individuals with depression and
predicts worse glycemia [38]. The mechanism and direction of
the associations between the two pathologies are not well un-
derstood. There could be a reciprocal relationship [39]. Inter-
ventional studies on YAD are limited; hence, the effectiveness
of treatment of depression in improving glycemia in this age
group should be demonstrated in further research.

Notably, clinic attendance rates were comparable across all
anxiety and depression status groups, suggesting that the dif-
ference in glycemia between these groups was unlikely caused
by a lack of diabetes self-care education or access to healthcare.
As clinic attendance alone does not directly translate into be-
havioral change, additional strategies and interventions target-
ed at each patient’s unique needs are crucial. For instance, a
psychology-based approach designed to support the youths to
better cope with their chronic condition might further com-
plement care provided by the hospital multidisciplinary team.
Sustainability of outcomes of interventions is also a critical
consideration in the planning and provision of psychosocial
support [40].

Our study is the first of its type to be conducted in Asia. Us-
ing the dataset from one of the largest cohorts of YAD in Sin-
gapore, we reported comprehensively on the glycemic out-
comes, clinic attendance rate, hospitalization rate, diabetes
complication rate, and psychological scores of 131 subjects.
Through a structured multidisciplinary care team, we worked
closely with our subjects to achieve mean attendance rates of
over 80%. This clinic attendance rate is comparable to the re-
ported rate of up to 75% by other transition centers [41]. The
ability to track both HbA1c and anxiety and depression scores
longitudinally allowed a delineation of change of psychological
status and glycemia. Specifically, we demonstrated an early di-
vergence in HbAlc between those with and without anxiety,
particularly at 6-month post-transition. Prompt identification,
efforts to retain patients, and directing of resources in the im-
mediate post-transition period may be important in ameliorat-
ing anxiety in YAD and would hopefully improve outcomes.

Our study has limitations. We have focused on HbAlc as the
main measure of glycemia. Capturing other parameters in-
cluding glycemic variability and incidence of hypoglycemia
would have provided a more comprehensive assessment of gly-
cemia. Glycemia can also be influenced by treatment modality.
Although the majority of our cohort was treated with multiple
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dose insulin injection therapy during the study, we did not
control for treatment modality in our analyses. Since the in-
ception of our study, there has been a change in landscape of
diabetes technology. Thus, further research could consider the
influence of diabetes treatment modalities on glycemia. Al-
though we have demonstrated the association between persis-
tent anxiety and poor glycemia, it remains unclear if a psycho-
logical intervention targeting persistent anxiety or depression
improves glycemic outcomes. We have grouped subjects ac-
cording to their HADS-A and HADS-D scores but acknowl-
edge that there is great heterogeneity even within these catego-
ries. Some individuals with high HADS scores may have better
coping mechanisms than others within the same anxiety or
depression category. A myriad of biopsychosocial factors has
been demonstrated to impact glycemia. We acknowledge that
it might have been useful to expand the collection of baseline
demographic data of our cohort to include information such
as socioeconomic status and education level [42,43]. Although
dietetics assessment forms an important element of routine
care in our YAD clinic, we did not systematically collate and
quantify dietary, alcohol, and smoking history in our study.
Anxiety and depression can also coexist with other psychologi-
cal co-morbidities, such as eating disorders [44]. It has been
demonstrated that eating disorders are associated with poorer
glycemia [45]. Qualitative interviews in these subgroups would
also further the understanding of the interactions between
psychological welfare and outcomes.

In conclusion, among this group of young Singaporeans
with diabetes, one-third had anxiety or depressive symptoms
at transition. There is an early increase of HbAlc at 6 months,
followed by persistent poor glycemia in this group with base-
line anxiety or depression, despite equal access to a multidisci-
plinary care team. An effective psychology-based intervention
is necessary to improve the outcomes of this group of YAD
during transition.
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155 Patients attending the young adults with

diabetes (YAD) clinic
1 Age above 25
2 Unable to an answer questionnaires
> Declined to participate
1 Work commitments
Y 10 Refused to consent
10 More than 6 months after transition
131 Recruited

Analysed for HbAlc and psychological
scores at 0 month

Y

99 Analysed for HbAlc and psychological
scores at 0 and 24 months (section 3)

Supplementary Fig. 1. Flow chart on recruitment and numbers analysed. HbAlc, glycosyl-
ated hemoglobin.
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-@- Persistently not depressed

- Fluctuating levels of depression
11 .
-4 Persistently depressed

10

Mean HbAlc (%)
O

0 6 12 18 24
Month

Supplementary Fig. 2. Mean glycosylated hemoglobin (HbA1c)
over 24 months by pattern of depression status change. Error bar
represents standard error of mean. No significant differences be-
tween groups were found.
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