Acta Diabetologica
https://doi.org/10.1007/500592-023-02036-9

ORIGINAL ARTICLE q

Check for
updates

Sleep quality and sex-related factors in adult patients
with immune-mediated diabetes: a large cross-sectional study

Claudio Bongiorno'2 - Simona Moscatiello’ - Michele Baldari' - Enrico Saudelli’ - Stefano Zucchini? -
Giulio Maltoni® - Danilo Ribichini' - Alessia Bruco'2 - Valentina Lo Preiato’? - Gilberto Laffi' - Uberto Pagotto'? -
Guido Di Dalmazi'*?

Received: 15 November 2022 / Accepted: 14 January 2023
© The Author(s) 2023

Abstract

Aim To analyze sleep quality and its relationships with clinical and biochemical features in a large cohort of adults with
autoimmune diabetes.

Methods We administered to 553 patients with autoimmune diabetes the questionnaires: Pittsburgh Sleep Quality Index
(PSQI), diabetes distress scale, diabetes-related quality of life and diabetes treatment satisfaction questionnaire. We excluded
patients with missing HbAlc +4 months from PSQI administration or incorrect PSQI compilation (n=110).

Results Altered sleep quality was recorded in 142/443 subjects (32%), insufficient total sleep time in 177/443 (40%). The
altered sleep quality group had higher HbAlc (median 56 mmol/mol [interquartile range-IQR 49-62] vs 59 [IQR 52-68];
P <0.001), higher average HbA1c in the previous 36 months (59 mmol/mol [IQR 54-68] vs 56 [IQR 51-62]; P <0.001),
and more individuals with HbAlc> 53 mmol/mol (74.6% vs 62.8%; P=0.014). Diabetes duration (P =0.63), type of insulin
delivery (P=0.48) and glucose monitoring (P =0.35) were uninfluential. Patients with altered sleep quality showed higher
prevalence of autoimmune (42 vs 28%; P=0.005) and mental diseases (12 vs 4%; P=0.002); there were greater emotional
distress, and lower quality of life and treatment satisfaction (P <0.001 for all), irrespective of sex. Men with altered sleep
quality had higher HbA1c and prevalence of autoimmune diseases. Women showed greater prevalence of psychiatric disor-
ders. Average HbA lc of the previous 36 months, autoimmune or psychiatric disorders were independent predictive factors
for altered sleep quality.

Conclusion One-third of the patients with autoimmune diabetes showed altered sleep quality, which associates with worse
glycemic control, and autoimmune and mental disorders, with sex-specific differences.
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Introduction

The proportion of patients with autoimmune diabetes melli-
tus (AD) achieving an acceptable glycemic control is modest
Managed By Massimo Federici . [1] and, from a recent analysis of the United States registry,
it is lowering further [2]. Compliance to therapy and lifestyle
interventions are of paramount importance as the develop-
ment of AD complications is tightly linked to elevated glu-
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recommendation of its evaluation dates to 2017 ADA Stand-
ards of Medical Care [4], with an initial focus on type 2
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Additionally, the lack of specific indications on sleep qual-
ity assessment in AD might have led to the relative paucity
of literature in T1D and Latent Autoimmune Diabetes of
the Adult (LADA), compared to T2D [6]. A few previous
studies have analyzed the sleep quality of patients with AD,
however, with a fair heterogeneity in the populations, study
designs, and methods of sleep assessment, and reporting a
wide prevalence range of altered sleep quality (26-67%) and
heterogeneous associated factors [3, 6, 7]. Therefore, this
study aims to investigate the sleep quality in a large cohort
of AD patients, and to analyze potential associated factors.

Methods
Patients

During the SARS-CoV-2 pandemic, the Endocrinology and
Diabetes Prevention and Care Unit of the IRCCS Azienda
Ospedaliero-Universitaria of Bologna aided with the vaccine
administration campaign, administering the first and second
dose to the patients deemed to be more fragile, and among
them the patients with diabetes.

We offered the study participation to all patients with
autoimmune diabetes (either T1D and LADA) under insulin
treatment receiving the second dose of the SARS-CoV-2
vaccine between April 14, 2021 and May 14, 2021.

Sleep assessment and questionnaires

Perceived sleep quality over the previous month was
assessed using the validated Italian Pittsburgh Sleep Qual-
ity Index (PSQI) questionnaire [9]. PSQI score is calculated
from 19 self-rated questions, which are distributed in seven
components each evaluated on a 0-3 scale, with 0 being the
most and 3 being the least favorable. The components assess
subjective sleep quality, latency and duration, habitual sleep
efficiency, sleep disturbances, sleeping medications, day-
time dysfunction. Component scores are summed to obtain
a global PSQI score ranging from 0 to 21, with values > 5
being indicative of poor sleep. In addition, the sleep dura-
tion component was used to identify subjects with a reduced
sleep duration using as a cut-off a perceived duration<7 h
[10, 11].

We also administered the diabetes distress scale (DDS),
the diabetes-related quality of life (DQOL) and the diabetes
treatment satisfaction questionnaire (DTSQ).

The DDS measures the diabetes-related emotional dis-
tress through 17 questions, self-rated on a 6-point Likert
scale, belonging to four subscales each investigating a dif-
ferent distress-related domain: emotional burden, physician-
related distress, regimen-related distress, and diabetes-
related interpersonal distress [12]. Scores between 2.0-2.9
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and > 3.0 are associated, respectively, to moderate and high
distress [13]. We have chosen the 2.0 cut-off to define dis-
tressed patients.

The DQOL, developed specifically for assessing the qual-
ity of life in persons with diabetes on insulin therapy, uses a
5-point Likert scale for the 46 self-rated items, scored from
1 (best outcome) to 5 (worst outcome) [14]. The items assess
different determinants of the quality of life, grouped into
four primary subscales: satisfaction, impact, diabetes worry,
social/vocational worry. Lower values are indicative of bet-
ter quality of life.

The DTSQ estimates satisfaction toward diabetes treat-
ment and is suitable both for evaluating variations after treat-
ment modification and for comparisons among subjects with
different treatments [15]. Each of the 8 items is rated from
6 (best outcome) to 1 (worst outcome), the score is propor-
tional to the satisfaction.

Clinical, biochemical, and continuous glucose
monitoring (CGM) data

We retrieved clinical and biochemical data, data on the
treatment regimen and glucose monitoring in a time span
of +4 months from the questionnaires’ administration.
Poorly controlled diabetes was defined by HbAlc>7.0%
(53 mmol/mol). We additionally calculated the mean and the
standard deviation of all HbA 1c measurements over the past
3 years (mean follow-up time 29.9 months, range 3.0-35.9)
in all patients having at least two HbA 1c measurements at
intervals of 6 +4 months (n =435, 8 patients excluded).

We remotely retrieved, and included in the analysis, CGM
data during the last 14 days from patients achieving a sen-
sor use of >70% (n=91); CGM metrics were calculated as
previously described [16].

Selection of the patients

We enrolled 553 subjects with autoimmune diabetes. After
excluding 44 patients without clinical data, 22 patients with-
out HbAlc measurement, and 44 patients with incomplete/
incorrect PSQI questionnaire completion, the analysis was
performed on a final cohort of 443 patients (Supplementary
Fig. 1).

Statistical analysis

Data are shown as median and interquartile range (IQR)
if not otherwise specified, or as frequencies. Continuous
variables were analyzed by independent-samples 7 test or
independent-samples Mann—Whitney U test, and categorical
variables were investigated by y test. Multinomial logistic
regression model with a backward stepwise elimination was
built to analyze the independent predictors associated with
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altered sleep quality. Sex, age, type of insulin administration
(MDI vs CSII), and glucose monitoring (SMBG vs CGM and
subtypes), autoimmune or psychiatric disorders, HbAlc at
the time of the questionnaire compilation and mean HbAlc
during the previous 3 years were used as predictors. The
model was built using the following criteria for backwards
stepwise elimination: 100 maximum iterations, 5 maximum
step-halving, 107® parameter convergence, delta of 0, 107 as
singularity tolerance. As for the stepwise options, the entry
probability was 0.05, with a removal probability of 0.1 and
the likelihood ratio as entry/removal test. Odds ratios (ORs)
were computed together with their 95% confidence interval
(CI). Statistical analysis was performed using SPSS V.26. P
values < 0.05 were considered significant.

Results

Anthropometric, clinical, and biochemical characterization
of the whole study population is shown in Supplementary
Table 1. Median age was 49 years (IQR 33-59) and 47%
of the patients were females. Most subjects were affected
by T1D (93.5%), and the median disease duration was
22.2 years (IQR 13.1-31.3). The majority of the patients
were under MDI (83.5%) and 66.1% of them were using a
CGM device.

Altered sleep quality detected by PSQI questionnaire was
found in 142 subjects (32.1%, from now on referred as “poor
sleepers”, in contrast to “normal sleepers”), while reduced
total sleep time (TST) was observed in 177 patients (40.0%,
“short sleepers”, in contrast to “normal sleepers™) (Sup-
plementary Table 1). The characteristics of the population
stratified by PSQI results are shown in Table 1. No differ-
ences in anthropometric characteristics, as well as type of
glucose monitoring and insulin administration were found
between poor and normal sleepers. HbA 1c was higher in the
altered sleep quality group (7.5 [IQR 6.9-8.0] vs 7.3 [IQR
6.6-7.8] %; 58 [IQR 52-64] vs 56 [IQR 49-62] mmol/mol,
P <0.001). When stratified by HbA1c categories, the propor-
tion of poor sleepers was 13/82 (15.9%), 23/66 (34.8%), and
106/295 (35.9%) in patients with HbAlc <6.5% (48 mmol/
mol), 6.5-7.0% (48-53 mmol/mol), and >7.0% (53 mmol/
mol), respectively (P <0.001), as shown in Fig. 1. Notably,
no significant difference in the prevalence of altered sleep
quality was found between patients with HbAlc 6.5-7.0%
(48-53 mmol/mol) and >7.0% (53 mmol/mol).

Average HbAlc in the previous 36 months before PSQI
administration was significantly higher in poor than normal
sleepers (7.5 [IQR 7.1-8.4] vs 7.3 [IQR 6.8-7.8]; 59 mmol/
mol [IQR 54-68] vs 56 mmol/mol [IQR 51-62]; P <0.001),
whereas standard deviation of the average HbAlc was
not (4.3 [IQR 3.0-6.6] vs 4.2 [IQR 2.9-5.8] mmol/mol;
P=0.368).

Patients with altered sleep quality showed a higher prev-
alence of psychiatric disorders (12.0% vs 4.0%; P =0.002)
and autoimmune diseases (41.5% vs 28.2%; P <0.005),
especially celiac disease (10.6% vs 4.3%; P=0.012). No
difference in the prevalence of other comorbidities or com-
plications of diabetes was found between groups.

When analyzed according to the TST, short sleepers had
higher HbAlc than normal sleepers (7.5 [IQR 6.9-8.1]
vs 7.3 [IQR 6.6-7.8] %; 58 mmol/mol [IQR 52-65] vs
56 mmol/mol [IQR 49-62]; P=0.008), without differences
in the remaining parameters (Supplementary Table 2).
Only 3 patients (0.7%) reported a TST greater than 9 h
[10, 11], thus no specific analysis on this subgroup was
performed.

The analysis of the results of DDS, DRQoL, and DTSQ
in poor and normal sleepers is shown in Table 1. The group
with altered sleep quality suffered from a higher diabetes-
related emotional distress, evaluated by comparing both
the DDS global score value (p <0.001) and the number of
patients with an altered global score (p <0.001). Diabetes-
related quality of life and diabetes treatment satisfaction
were significantly greater in normal versus poor sleeper
groups (p <0.001 for both).

When analyzed separately by sex (Table 2), we con-
firmed that males with poor sleep quality had higher
HbAlc (P=0.001) and a larger prevalence of autoim-
mune diseases (P=0.012), particularly celiac disease
(P=0.003), than normal sleepers. An additional sig-
nificant difference was a higher TDD/Kg in poor versus
normal male sleepers (p =0.026). Conversely, women
reporting poor sleep quality had a higher prevalence of
psychiatric disorders than normal sleepers (P =0.016), in
the absence of other relevant differences. Slightly higher
values of average HbAlc in the previous 3 years were
identified in poor sleepers than normal sleepers, however
with P values close to significance, questioning about the
relevance of this difference. The analysis of the results of
DDS, DRQoL, and DTSQ in poor and normal sleepers
divided by sex confirmed the results obtained in the whole
cohort (Supplementary Table 3).

Next, we proceeded to find potential independent factors
associated with altered sleep quality using a multinomial
logistic regression model (Table 3). Mean HbAlc during
the previous 3 years (OR 1.03 per 1 mmol/mol increase,
95% C1 1.01-1.05; p=0.001), presence of autoimmune dis-
orders (OR 1.82,95% CI 1.18-2.80; P=0.007) or psychiat-
ric diseases (OR 3.15, 95% CI 1.43-6.95; P=0.004) were
among independent potential predictive factors for altered
sleep quality.

We finally performed the analysis of the 14-days CGM
metrics for the subjects with available data (n=96). No sta-
tistically significant difference was observed between poor
and normal sleepers (Supplementary Table 4).
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Table 1 Population

. . Normal sleepers ~ Poor sleepers P value
cl.laracterlstlcs stratlﬁe.d by (n=301) (n=142)
Pittsburgh Sleep Quality Index
results Demographic and anthropometric characteristics
Age, years 47.0 (34.0-57.0) 51.0(32.8-60.0) 0.258
Sex: Female, n (%) 135 (44.9) 74 (52.1) 0.153
Body Mass Index, Kg/m? 24.0 (22.0-26.7)  24.6 (22.2-27.4)  0.405
Smoker status
Non-smokers, n (%) 178 (59.1) 72 (50.7) 0.247
Actively smoking, n (%) 64 (21.3) 36 (25.4)
Previously smoking, n (%) 59 (19.6) 34 (23.9)
Diabetes-related characteristics
Diabetes Duration, years 22.7 (12.4-32.3) 21.2 (13.4-29.5) 0.627
Diagnosis
T1D, n (%) 284 (94.4) 130 (91.5) 0.266
LADA, n (%) 17 (5.6) 12 (8.5)
TDD/Kg Ratio, U/(day - Kg) 0.53 (0.4-0.7) 0.58 (0.4-0.7) 0.061
Insulin administration
MDI, n (%) 254 (84.4) 116 (81.7) 0.475
CSIL n (%) 47 (15.6) 26 (18.3)
Glucose monitoring: CGM 114 (68.7) 42 (61.8) 0.360
Glucose monitoring
SMPG, n (%) 103 (34.2) 47 (33.1) 0.354
isSCGM, n (%) 149 (49.5) 64 (45.1)
rtCGM, n (%) 49 (16.3) 31 (21.8)
Insulin regimen in MDI treatment
Basal only, n (%) 8 (3.1) 5(4.3) 0.574
Basal bolus, n (%) 246 (96.9) 111 (95.7)
HbAlc, % 7.3 (6.6-7.8) 7.5 (6.9-8.4) <0.001
HbA Ic, mmol/mol 56 (49-62) 59 (52-68) <0.001
36-months average HbAlc, % t 7.3 (6.8-7.8) 7.5(7.1-8.4) <0.001
36-months average HbA1lc, mmol/molf 56 (51-62) 59 (54-68) <0.001
36-months SD of average HbA 1c, mmol/mol¥ 4.2 (2.9-5.8) 4.3 (3.0-6.6) 0.368
Associated diseases and complications
Psychiatric disease, n (%) 12 (4.0) 17 (12.0) 0.002
History of cancer, n (%) 12 (4.0) 5@3.5) 0.812
Thyroid disease, n (%) 86 (28.6) 51 (35.9) 0.119
Autoimmune thyroiditis, n (%) 67 (22.3) 43 (30.3) 0.068
Celiac disease, n (%) 13 (4.3%) 15 (10.6) 0.012
Patients with at least one additional autoimmune 85 (28.2) 59 (41.5) 0.005
disorder, n (%)
Hypertension, n (%) 66 (21.9) 36 (25.4) 0.424
Cardiovascular diseases, n (%) 10 (3.3) 9(6.3) 0.144
Diabetic retinopathy, n (%) 96 (31.9) 45 (31.7) 0.966
Diabetic nephropathy, n (%) 6(2.0) 6(4.2) 0.177
Diabetes Distress Scale (n=420)
Population, n 287 133
Global score 1.59 (1.24-2.24)  2.12(1.5-3.3) <0.001
Emotional burden score 1.8 (1.4-2.8) 2.6 (1.8-3.8) <0.001
Physician-related distress score 1.25 (1.0-2.0) 1.25 (1.0-2.63) 0.052
Regimen-related distress score 1.6 (1.2-2.2) 2.0(1.5-3.4) <0.001
Diabetes-related interpersonal distress score 1.33 (1.0-2.0) 2.0 (1.0-3.0) <0.001

Patients with altered score
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Table 1 (continued)

Normal sleepers  Poor sleepers P value
(n=301) (n=142)
Emotional burden, n (%) 119 (41.5) 83 (62.4) <0.001
Physician-related distress, n (%) 63 (22.0) 44 (33.1) 0.015
Regimen-related distress, n (%) 74 (25.8) 64 (48.1) <0.001
Diabetes-related interpersonal distress, n (%) 54 (18.8) 53 (39.8) <0.001
Diabetes-related Quality of Life (n=305)
Population, n 216 89
Score 1.67 (1.51-1.87) 1.98 (1.72-2.67)  <0.001
Diabetes Treatment Satisfaction Questionnaire status version (n=416)
Population, n 282 134
Score 30.0 (26.0-34.0)  29.0 (24.0-32.0) <0.001

Data are expressed as median with interquartile range in parentheses, or as frequencies

T1D, type 1 diabetes; LADA, latent autoimmune diabetes of the adult; TDD, total daily (insulin) dose;
MDI, multiple daily injections; CSII, continuous subcutaneous insulin infusion; SMPG, self-monitoring of
plasma glucose; isCGM, intermittently scanned continuous glucose monitoring (device); rtCGM, real-time
continuous glucose monitoring (device); HbAlc, glycated hemoglobin; SD, standard deviation

" n=435
Fig. 1 Proportion of patients %
with altered Pittsburgh Sleep
Quality Index (>5) among 45 P<0.001
categories of HbAlc, overall
and stratified by sex. Cat- 40
egories: <6.5% (48 mmol/ 34.8 35.9
mol), 6.5-7.0% (48-53 mmol/ 35 [
mol), > 7% (53 mmol/mol).
*#*P<0.05 vs all 30
25
20 *
15.9
15
10
5
0
overall
Discussion

In our cohort of patients with AD we found a relevant pro-
portion of altered sleep quality (32.1%) and reduced sleep
duration (40.0%), representing the largest study published
so far on young and middle-aged adults. Additionally, for
the first time, we found different parameters associated
with sleep quality according to sex.

Multiple factors can alter sleep architecture, duration,
or quality, especially in the context of AD, considering the
role of nocturnal hypoglycemia and its self-management

37.9 384
*
32.4 333
OHbA1c <48
x W HbA1c 48-53
17.2
15.1 — @ HbA1c >53
males females

behaviors, discomfort or anxiety related to fear of hypogly-
cemia, and possible polyuria; even AD complications can
have a negative impact on sleep, such as neuropathic pain
[3, 7]

Previous studies attempted to analyze the sleep quality
in patients with AD by means of objective (PSG, actigra-
phy) and subjective measures (self-reported questionnaires),
showing that patients with T1D had a worse sleep quality
than control subjects only when assessed by questionnaires
rather than PSG or actigraphy [6]. The method of assess-
ment of sleep quality may explain those differences, since

@ Springer
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Table 2 Population characteristics stratified by sex and Pittsburgh Sleep Quality Index results

Males Females
Normal sleepers Poor sleepers (n=68) P value Normal sleepers Poor sleepers (n=74) P value
(n=166) (n=135)
Demographic and anthropometric characteristics
Age, years 48 (35-57) 50 (33-59) 0.646 46 (33-59) 52 (30-61) 0.274
Body Mass Index, 24.7 (22.7-26.8) 25.2 (22.8-27.4) 0.665  23.0(21.3-26.5) 23.6 (21.6-28.2) 0.307
Kg/m?
Smoker status
Non-smokers, n (%) 90 (54.2) 30 (44.1) 0.266 88 (65.2) 42 (56.8) 0.367
Actively smoking, 40 (24.1) 17 (25.0) 24 (17.8) 19 (25.7)
n (%)
Previously smoking, 36 (21.7) 21 (30.9) 23 (17.0) 13 (17.6)
n (%)
Diabetes-related characteristics
Diabetes Duration, 22.7(12.3-32.3) 18.0 (13.4-28.3) 0.358  22.7(12.4-31.4) 22.2 (14.0-30.6) 0.807
years
Diagnosis
T1D, n (%) 157 (94.6) 62 (91.2) 0.335 127 (%94.1) 68 (91.9) 0.546
LADA, n (%) 9(54) 6 (8.8) 8(5.9) 6 (8.1)
TDD/Kg Ratio, U/(day 0.55 (0.43-0.67) 0.61 (0.49-0.72) 0.026  0.51 (0.41-0.64) 0.53 (0.36-0.70) 0.441
‘Kg)
Insulin administration
MDI, n (%) 139 (83.7) 57 (83.8) 0987 115(85.2) 59 (79.7) 0.336
CSIL 7 (%) 27 (16.3) 11 (16.2) 20 (14.8) 15 (20.3)
Glucose monitoring: 114 (68.7) 42 (61.8) 0.309 84 (62.2) 53 (71.6) 0.171
CGM
Glucose monitoring:
device class
SMPG, n (%) 52 (31.3) 26 (38.2) 0.239  51(37.8) 21 (28.4) 0.312
iSCGM, n (%) 86 (51.8) 27 (39.7) 63 (46.7) 37 (50.0)
rtCGM, n (%) 28 (16.9) 15 (22.1) 21 (15.6) 16 (21.6)
Insulin regimen in
MDI treatment
Basal only, n (%) 429 2(3.5) 0.816 4(3.5) 361 0.610
Basal bolus, n (%) 135 (97.1) 55 (96.5) 111 (96.5) 56 (94.9)
HbAlc, %* 7.1 (6.5-7.6) 7.5 (6.9-8.2) 0.001  7.5(6.7-8.1) 7.5(7.2-8.4) 0.147
HbA 1c, mmol/mol* 54 (47-60) 59 (52-66) 58 (50-65) 59 (55-68)
36-months average 7.2 (6.7-1.7) 7.5(7.0-8.2) 0.005 7.5(7.0-8.1) 7.7 (7.2-8.5) 0.049
HbAlc, %7
36-months average 55 (50-61) 58 (53-66) 58 (53-65) 61 (55-69)
HbA1c, mmol/molf
36-months SD of aver- 4.6 (3.2-6.1) 4.3 (3.2-6.7) 0.799 5.0 (3.8-6.8) 5.5(4.0-7.7) 0.282
age HbAlc, mmol/
molf
Associated diseases and complications
Psychiatric disease, 4(24) 5(74) 0.074 8(5.9) 12 (16.2) 0.016
n (%)
History of cancer, n 4(2.4) 2(2.9) 0.815 8(5.9) 34.1) 0.562
(%)
Thyroid disease, n (%) 25 (15.1) 11(16.2) 0.830 61 (45.2) 40 (54.1) 0.220
Autoimmune thyroidi- 18 (10.8) 10 (14.7) 0.408 49 (36.3) 33 (44.6) 0.240
tis, n (%)
Celiac disease, n (%) 4 (2.4) 8 (11.8) 0.003 9 (6.7) 79.5) 0.468
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Table 2 (continued)

Males Females
Normal sleepers Poor sleepers (n=68) P value Normal sleepers Poor sleepers (n=74) P value
(n=166) (n=135)
Patients with at least 29 (17.5) 22 (32.4) 0.012 56 (41.5) 37 (50.0) 0.236
one additional auto-
immune disorder,
n (%)
Hypertension, n (%) 43 (25.9) 19 (27.9) 0.748 23 (17.0) 17 (23.0) 0.297
Cardiovascular dis- 4(2.4) 5(74) 0074 644 4(5.4) 0.756
eases, n (%)
Diabetic retinopathy, 51 (30.7) 23 (33.8) 0.643  45(33.3) 22 (29.7) 0.593
n (%)
Diabetic nephropathy, 5 (3.0) 4(5.9) 0.300 1(0.7) 22.7) 0.254
n (%)

Data are expressed as median with interquartile range in parentheses, or as frequencies

TI1D, type 1 diabetes; LADA, latent autoimmune diabetes of the adult; TDD, total daily (insulin) dose; MDI, multiple daily injections; CSII,
continuous subcutaneous insulin infusion; SMPG, self-monitoring of plasma glucose; isSCGM, intermittently scanned continuous glucose moni-
toring (device); rtCGM, real-time continuous glucose monitoring (device); HbAlc, glycated hemoglobin

* Male normal sleepers vs other groups (male poor sleepers, female normal sleeper, female poor sleeper): P <0.001 for all comparisons

T n=435

Table 3 Results of the logistic
regression analysis of the
possible independent predictors

associated with altered sleep
quality

Significant predictors in the model Odds Ratio (95% confi- P-value
dence interval)
Autoimmune disorders (presence vs absence) 1.82 (1.18-2.80) 0.007
Psychiatric conditions (presence vs absence) 3.15 (1.43-6.95) 0.004
Three-years mean HbAlc (1 mmol/mol increase) 1.03 (1.01-1.05) 0.001

The following parameters were excluded by the backward stepwise procedure: HbAlc (1 mmol/mol
increase) (P=0.976), glucose measurement device (SMPG vs CGM) (P=0.838), sex (females vs males)
(P=0.809), age (1 year increase) (0.415), insulin administration device (MDI vs CSII) (P=0.507)

objective measures report the results of a single night,
whereas questionnaires refer to self-reported quality of sleep
during the previous month. The few studies investigating
sleep quality through PSQI in adults with T1D have been
conducted with a cross-sectional or retrospective design, on
average on a non-obese population comprising a broad spec-
trum of ages (range of mean age 27-67 years) and glyce-
mic control (range of mean HbAlc 7.2-8.3%; 55-67 mmol/
mol), reporting a large heterogeneous prevalence of altered
sleep quality, ranging from 27 to 67% (mean pooled preva-
lence 43.9%—CI 32.5-55.5) [17-25]. The largest preva-
lence of altered sleep quality in patients with T1D (67%)
was reported by Gilsanz and colleagues and doubled that
of our population. However, it must be acknowledged that
only elderly patients were enrolled in that study (> 60 years
old) and that no data on metabolic control of diabetes were
reported. It is well known that sleep quality may worsen
with increasing age [26], though in our cohort of individu-
als with autoimmune diabetes age did not appear to be a

predictive factor. Additionally, the study of Suteau and col-
leagues, reporting a prevalence of 60%, involved patients
with more diabetes-related complications than ours (46%
patients with microvascular and 10% with macrovascular
complications) and poorly controlled diabetes (mean HbAlc
7.6%; 60 mmol/mol), explaining the differences with our
findings. In the remaining studies including patients with
mean age like that of our patients, the prevalence of altered
sleep quality was comparable to our results [18, 20].
Regarding the comparison with sleep data in the general
population, no similar data in terms of population age and
observation period are reported. Our data were collected in a
very narrow time span, at variance from other studies which
collected sleep data over longer periods and under variable
conditions, due to the evolution of the different measures
adopted by the single governments during the Covid19 pan-
demic. Furthermore, reported prevalence of sleep disorders
is lacking, having most of the studies reported only the mean
values of the PSQI score. Acknowledging the limitations

@ Springer



Acta Diabetologica

of the following analysis, we tried to compare our data
with those of the general population before Covid19 pan-
demic, derived from a large population-based study [27],
stratifying the PSQI results by age and sex. Our cohort
had generally higher PSQI values than the general popula-
tion in both sexes, especially in young adults. Indeed, in
subjects <39 years old, males had a score (mean + SD) of
4.54+2.21 and females of 4.86 +2.99 in our cohort, whereas
in the general population was reported a PSQI score of
3.86+2.69 in males and 4.21 +£2.76 in females.

Overall, we showed a relationship between sleep qual-
ity and several patients’ characteristics. As also highlighted
by the logistic regression analysis, long-term metabolic
control of diabetes, autoimmune and psychiatric disorders
were independent predictive factors of altered sleep quality
in patients with AD. Additionally, we identified that those
characteristics were different according to sex.

The relationship between sleep quality and diabetes
metabolic control has been seldomly investigated. Only five
studies reported the analysis of HbAlc levels by categories
of sleep quality assessed by PSQI, showing no difference
between poor and normal sleepers [17, 18, 20, 21, 24]. How-
ever, two additional studies assessing self-reported sleep
quality by a non-specific questionnaire (PHQ9) reported
higher HbA 1c values in patients with poor sleep quality [28,
29], whereas studies using PSG or actigraphy did not [6]. At
variance with other studies using PSQI, we showed that poor
sleepers had greater HbA1c than normal sleepers; extending
this finding, we showed that the proportion of patients with
poor sleep quality was higher among HbAlc categories,
with significant differences between values lesser or greater
than 6.5% (48 mmol/mol). Additionally, the higher HbAlc
levels in poor sleepers were confirmed even when including
all the measurements of the previous 3 years, without differ-
ence in variability of HbAlc, allowing us to speculate that
subjects with altered sleep quality may also have chronically
high glucose levels. The differential impact of suboptimal
glycemic control on sleep quality in males and females is
novel. Males reporting normal sleep had significantly bet-
ter glycemic control than males with poor sleep quality and
females with or without poor sleep quality, suggesting a
tighter relationship between glycemic control and sleep in
males, contrary to females, whose sleep quality seems to
be relatively independent of glycemic control. Our results
are coherent also with the hypothesis that decreased insulin
sensitivity may be a mechanism of altered sleep quality and
duration [23], as highlighted by the increased TDD/Kg (a
sign of insulin resistance) in males with poor sleep quality.
In fact, insulin resistance has been reported to be influenced
by sex and sex hormones levels, though the exact mechanism
has not been discovered [30].

The analysis performed separately in males and females
confirmed the higher prevalence of psychiatric disorders
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in patients with altered sleep quality only among females,
whereas the larger prevalence of celiac and autoimmune dis-
eases was identified only in men with low quality of sleep.
Previous studies showed that patients with celiac disease
may have a variable proportion of altered sleep quality; addi-
tionally, males showed a worse adherence to gluten-free diet
than females [31] and patients non-adherent to gluten-free
diet have more frequently T1D [32]. Recent data also high-
lighted that gluten-free diet may improve sleep quality [33].
Therefore, the relationship between sleep quality and celiac
disease in male patients with T1D may be interpreted in this
context, even though the impact of other autoimmune dis-
eases should be considered. Indeed, the association between
sleep and inflammation, which naturally is involved in auto-
immune pathologies, is documented and bidirectional as the
former modulates yet it is also modulated by the latter [34].

The altered sleep quality in our cohort was related to
a significantly greater emotional burden, regimen-related
and interpersonal distress caused by the pathology, in line
with previous studies [35, 36], and lower satisfaction for
diabetes treatment, eventually leading to a lower quality
of life. Interestingly, those alterations were independent of
sex. The presence of diabetes-related distress is associated
with poor patient compliance, worse glycemic control and
reduced psychological health [37]. The coexistence of low
HbA 1c, high quality of life and treatment satisfaction (with
their demonstrated association) in people with good sleep
quality might be another suggestion for a direct action of a
suboptimal glycemic control on sleep. In addition, it remains
to be established how and how much the poor sleep quality
affects the distress in each of the highlighted subscales.

Lastly, relevant is the lack of association between sleep
quality and the use of CGM devices or insulin pumps. How-
ever, it must be acknowledged our relatively low number of
patients with available glucose data. In some studies, CGM
technology has been associated with an overall improve-
ment of subjective sleep quality, although the literature is
heterogenous in terms of populations, devices, and methods.
In addition, there is limited research on objective sleep data
and in most of the device studies sleep quality was not the
primary outcome, thus the analyses could have not been suf-
ficiently powered to detect any changes. Studies on sensor
augmented pumps provided mixed results in terms of effect
on sleep [38].

The main limitations of the study are the cross-sectional
design and the use of a self-reported method to evaluate
sleep quality. Nonetheless, we chose the PSQI being it a
more practical and faster tool to assess sleep quality, suit-
able for very large populations. In addition, questionnaires
were collected during the SARS-CoV-2 pandemic, which
may represent a confounding factor. However, we believe
that this is a minor limitation since the prevalence of altered
sleep quality in our patients was like that of previous studies.
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The strengths of our study are the large cohort involved (at
the time of writing the largest in the literature focused on
this age range), the inclusion of subjects with LADA, the
analysis of the data separately by sex, and the completeness
of clinical and biochemical data.

Conclusions

A significant proportion of adult patients with autoimmune
diabetes showed altered sleep quality, which was mostly
related to poor glycemic control and the presence of autoim-
mune disorders in men, and psychological/psychiatric disor-
ders in women. Sleep is a complex phenomenon influenced
by multiple factors, which might not be equally relevant on
an individual basis inside this specific but heterogeneous
population. Addressing such factors, when possible, in a
more targeted intervention could lead to better outcomes
on sleep quality. Further studies are needed to address sex-
related differences in the factors associated with altered
sleep quality.
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