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Purpose: To describe the metabolic status and clinical characteristics associated with NPPD in patients with less than five years of
T2D diagnosis and explore the role of age in the presentation of psychiatric comorbidities.

Patients and Methods: This was a cross-sectional study of subjects who attended a comprehensive care program. Patients were
assessed using the Mini-International Neuropsychiatric Interview, and clinical and metabolic characteristics were registered.
Multivariate logistic regression analyses were conducted to identify risk and protective factors for psychiatric disorders. We performed
an analysis to further explore age’s influence on our results.

Results: We included 1953 patients, and 40.1% had any psychiatric disorder. Younger age, female sex, and personal psychiatric
history were associated with NPPD. The use of insulin was reported as a protective factor for eating disorders. Body mass index was
associated with any psychiatric disorders and eating disorders. The analysis of age reported that patients younger than 45 years had the
worst metabolic parameters and increased odds for NPPD, while patients older than 65 years had the best metabolic measures and
decreased odds for psychiatric comorbidity.

Conclusion: NPPD were frequent comorbidities in our sample; younger age, female sex, and personal psychiatric history were the
most important factors associated with psychiatric comorbidities. Younger subjects experience a higher risk for psychiatric disorders
and worst metabolic control.
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Introduction
Non-psychotic psychiatric disorders (NPPD) are frequent comorbidities of type 2 diabetes (T2D) with an estimated
prevalence of 42.5%."* Among the most frequent conditions are depressive and anxiety disorders”* which have been
associated with poor outcomes and complications in diabetes.”® There is a complex interrelation between NPPD and
diabetes that implicates genetic factors, adverse early environment, neuroendocrine dysfunction, changes in lifestyle, and
psychotropic side effects.””!! Nonetheless, the interaction between these conditions in patients with T2D of recent
diagnosis has not been fully elucidated.

TD2 is a global public health problem principally in low- and middle-income countries.'? According to a Mexican
National Health and Nutrition Survey (2018), 10.3% of the Mexican population over 20 years old has diabetes.'®> The
Institute for Health Metrics and Evaluation in 2019 reported diabetes as the cause of 5.14% of total disability-adjusted

life years for the Mexican population between 50 and 69 years old, and 4.31% in patients over 70 years old.'*
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Previous studies reported variable frequencies of psychiatric disorders in T2D patients, with anxiety prevalence
reports from 19% to 55%,'>'® whereas the prevalence of depression goes from 10.8% to 63%.>'5"'7 Whitworth et al®
reported an association of depression and anxiety with higher HbAlc, body mass index (BMI), greater likelihood of
current smoking, and reduced self-monitoring of blood glucose. Other studies related NPPD with increased mortality risk
in patients with type 2 diabetes® compared to controls without psychiatric comorbidities.

Nonetheless, most of the studies used different tools to assess depression and anxiety, including patients with
different clinical courses and variable times of evolution of the endocrinologic disease. The time elapsed since the
diagnosis of diabetes can influence the process of illness, adaptation to the disease, modifications of self-care
behavior, and lifestyle changes to achieve glycemic control.'® Magnetic resonance imaging studies reported brain
structural and functional alterations in T2D patients which are believed to be originated from vascular changes over
time.'® Since psychiatric symptoms are an expression of brain function, these time-related alterations might also
contribute to changes in the presentation of NPPD throughout a lifetime. Therefore, the prevalence and correlates of
non-psychotic psychiatric comorbidities could be different along with the evolution of the disease. NPPD which is
present during the first years of diabetes diagnosis and remains untreated might interfere with metabolic control, the
prevention or delay of complications, and the optimization of the quality of life. Early screening and treatment of
NPPD are clinically relevant for the comprehensive care of these patients and the limitation of potential risks.®
Hence, this study aims to describe the metabolic status and clinical characteristics associated with NPPD in patients
with less than five years of T2D diagnosis and to explore the role of age in the presentation of psychiatric
comorbidities.

Materials and Methods
Cross-sectional study, from a multidisciplinary care model for patients with diabetes in Mexico City, the Center of

Comprehensive Care for the Patient with Diabetes (CAIPaDi, an acronym for its name in Spanish).?%*'

Participants

We included patients over 18 years old, with less than 5 years of T2D diagnosis, BMI <45 kg/m?, without disabling
diabetes complications, non-smokers, and without a psychotic psychiatric disorder. Pregnant women and drug users were
excluded from the study. The Institutional Ethics and Research Committees from the National Institute of Medical
Sciences and Nutrition Salvador Zubiran approved this study (Ref 1198). Written consent was obtained from subjects
who participated in the study and the research was conducted according to the Declaration of Helsinki standards. All
participants were informed about the purpose of the study.

Procedure

Our sample was collected from patients who attended the CAIPaDi. T2D was confirmed by blood test according to ADA
diagnostic criteria (hemoglobin Alc >6.5% or fasting plasma glucose > 126mg/dL or random plasma glucose >200mg/dL).**
A consultation-liaison psychiatrist made an initial face-to-face psychiatric evaluation, which included a clinical interview, and
the application of the Mini International Neuropsychiatric Interview (M.LN.IL.) Spanish version 5.0.0,* and an evaluation of
eating behavior alterations.

The M.IN.I. Spanish version,>>** is a short diagnostic structured interview to identify 16 psychiatric disorders
according to the Diagnostic and Statistical Manual IV-TR edition (DSM-IV-TR) classification (major depressive disorder,
dysthymic disorder, manic or hypomanic episode, suicide risk, panic disorder, agoraphobia, social phobia, obsessive-
compulsive disorder, post-traumatic stress disorder, alcohol dependence, drugs dependence, psychotic disorders, anor-
exia, bulimia, generalized anxiety disorder, and antisocial personality disorder).

The evaluation of eating behavior alterations included binge eating disorder (BED), other specified feeding or eating
disorders like BED of low and limited duration, and eating disorders not otherwise specified like emotional eating
according to the Diagnostic and Statistical Manual 5th edition (DSM-5) criteria.*’
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We obtained blood tests to measure fasting glucose, creatinine, lipid profile (using colorimetric methods,
SYNCHRON CX System), and HbAlc (using HPLC method, Bio-Rad Variant II Turbo HbAlc Kit 2). Body composi-
tion was assessed by bioimpedance (body composition analyzer JAWON medical 10i353).

Statistical Analysis

For the statistical analysis, we employed the software STATA 13.0 (StataCorp. 2013. Stata Statistical Software: Release 13.
College Station, TX: StataCorp LP). Normal distribution was assessed with the Kolmogorov—Smirnov test and all the
quantitative variables were non-parametric distribution (p<0.000). We present our data with median with interquartile range
according to distribution, and categorical variables are reported in frequency and percentage. Comparative analyses were
conducted between groups with and without NPPD, affective, anxiety, and eating disorders. Continuous variables were
compared with the Mann—Whitney U-test. The association between categorical variables was assessed using the y2 test.

Multiple logistic regression analyses identified variables associated with NPPD, anxiety disorders (AXD), affective
disorders (AFD), and eating disorders (ED). Each model was constructed by the forward method and the presence of the
psychiatric condition (NPPD, AXD, AFD, ED) was the dependent variable. The p-value <0.05 was considered
statistically significant.

For the analysis of age influence in our results, we divided patients into three groups: less than 45 years, 45 to 65, and
more than 65 years of age. We compared the three groups using the y2 test and Kruskal-Wallis test. Finally, we
performed a multivariate logistic regression analysis for each of the age groups using as dependent variables the presence
of any NPPD, AXD, AFD, and ED. Covariates were the significant variables obtained in the previous multivariate
logistic regression.

Results
NPPD Prevalence and Descriptive Data

Patients were recruited from January 2016 to December 2020, our sample included 1953 patients, 54.8% were women,
and the median years of TD2 diagnosis was 1 (0-3). Non-psychotic psychiatric disorder was present in 40.1%. The most
frequent conditions were anxiety disorders (n=416, 21.3%), affective disorders (n=383, 19.6%), and eating disorders
(n=483, 24.7%). Among affective disorders we included patients with major depressive disorder (n=299, 15.3%)
dysthymic disorder (n=63, 3.2%), suicide risk (n=80, 4.1%) and manic or hypomanic episode (n=39, 3.3%). The anxiety
disorders group was composed by panic disorder (n=49, 2.5%), agoraphobia (n=47, 2.4%), social phobia (n=17, 0.9%),
obsessive-compulsive disorder (n=29, 1.5%), posttraumatic stress disorder (n=33, 1.7%) and general anxiety disorder
(n=275, 14.1%). Eating disorders included emotional eating in 23.7% (n=463) and BED and other specified feeding or
eating disorders like BED of low and limited duration in 7.0% (n=137).

A comparative analysis was conducted between groups with and without, any non-psychotic psychiatric comorbidity,
anxiety disorders (AXD), affective disorders (AFD), and eating disorders (ED) (Tables 1 and 2). The group of patients
with any NPPD reported lower median age, a higher proportion of female subjects, a higher presence of personal
psychiatric history (PPH), and higher levels of total cholesterol, LDL-cholesterol, and non-HDL cholesterol, triglycer-
ides, and BMI compared to the group without psychiatric conditions. AXD group reported lower median age, a higher
proportion of female sex subjects, a higher proportion of PPH, and higher levels of HDL cholesterol compared with
subjects without anxiety disorders. For AFD, differences in clinical correlates were age (younger), female sex, school
years, and PPH. We found no differences in metabolic characteristics. The group with ED presented younger age,
a higher proportion of females, a higher median of school years, a higher proportion of PPH, and higher levels of non-
HDL cholesterol, triglycerides, and BMI. Patients without ED reported a higher frequency of insulin use.

Risk Factors Associated with NPPD

The results of the multivariate analyses are shown in Table 3. A first logistic regression analysis reported an association
of NPPD with female sex, PPH, and BMI. Age was also associated with NPPD as a protective factor. Total cholesterol,
LDL-cholesterol, non-HDL cholesterol, triglycerides, and hypoglycemic drugs had no association with NPPD. Female
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Table | Sociodemographic Characteristics and Clinical Features. Comparative Analysis of Patients with and without Any Non-Psychotic Psychiatric Disorder, Anxiety, Affective and

Eating Disorders

Variable Total Any Non-Psychotic No Psychiatric P Anxiety No Anxiety P Affective No Affective P Eating No Eating P
Sample Psychiatric Disorder Disorder Disorders Disorders Disorders Disorders Disorder Disorders
n=1953 n=784 n=1169 n=416 n=1537 n=383 n=1570 n=483 n=1470
Age in years, median | 52 (45-59) 51 (43-56) 54 (47-61) 0.000 50 (42-57) 53 (46-60) 0.000 51 (42-56) 53 (46-60) 0.000 50 (43-56) 53 (46-60) 0.000
(IQR)
Female sex, n (%) 1070 (54.8) 516 (65.8) 554 (47.4) 0.000 291 (69.9) 779 (51) 0.000 271 (70.7) 799 (51) 0.000 314 (65) 756 (51.4) 0.000
School years, 13 13 13 0.934 13 13 0.059 13 13 0.001 16 13 0.003
median (IQR) (10.5-16) (12-16) (9-16) (9-16) (12-16) (9-16) (12-16) (12-16) (9-16)
Years of T2D 1 (0-3) 1 (0-3) 1 (0-3) 0.091 1 (0-3) 1 (0-3) 0.008 1 (0-3) 1 (0-3) 0410 1 (0-3) 1 (0-3) 0.587
diagnosis, median
(IQR)
Personal psychiatric 373 (19.1) 216 (27.5) 157 (13.4) 0.000 118 (28) 255 (16) 0.000 118 (30.8) 255 (16.2) 0.000 128 (26.5) 245 (16.6) 0.000
history, n (%)
Number of
hypoglycemic drugs,
n (%)
0 384 (19.7) I51 (19.3) 233 (20.0) 0.016 75 (18.0) 309 (20.1) 0.017 73 (19.1) 311 (19.8) 0.119 95 (19.7) 289 (19.6) 0.214
1 941 (48.1) 406 (51.8) 535 (45.7) 229 (55.0) 712 (46.3) 205 (53.5) 736 (46.9) 250 (51.8) 691 (47.1)
2 570 (29.2) 206 (26.3) 364 (31.1) 102 (24.5) 468 (30.5) 98 (25.6) 472 (30) 122 (25.2) 448 (30.5)
3 53 (2.7) 17 2.1) 36 3.1) 8 (1.9) 45 (2.9) 6 (1.5) 47 (3.0) 14 (2.9) 39 (2.6)
4 5(0.3) 4 (0.5) 1 (0.1) 2 (0.5) 3(0.2) 1 (0.3) 4(0.3) 2 (0.4) 3(0.2)
Insulin use, n (%) 173 (8.9) 70 (8.9) 103 (8.8) 0.928 43 (2.8) 130 (8.4) 0.232 40 (10.4) 133 (8.5) 0.223 26 (5.4) 147 (10) 0.002
Number of
antihypertensive
drugs, n (%)
0 1491 (76.3) 603 (76.9) 888 (76.0) 0.616 328 (78.8) 1163 (75.6) 0413 298 (77.8) 1193 (76.0) 0461 364 (75.4) 1127 (76.7) 0.691
| 312 (16.0) 122 (15.6) 190 (16.3) 65 (15.6) 247 (l6.1) 54 (14.1) 258 (16.4) 79 (16.4) 233 (15.9)
2 122 (6.3) 51 (6.5) 71 (6.0) 19 (4.6) 103 (6.7) 28 (7.3) 94 (6.0) 35(7.2) 87 (5.9)
3 26 (1.3) 8 (1.0) 18 (1.5) 4 (1.0) 22 (1.4) 3 (0.8) 23 (1.5) 5(1.0) 21 (1.4)
4 2 (0.1) 0 (0) 2 (0.2) 0 2 (0.1) 0 2 (0.1) 0 2 (0.1)
Number of
hypolipidemic drugs,
n (%)
0 1576 (80.7) 638 (81.4) 938 (80.2) 0.807 342 (82.2) 1234 (80.3) 0.222 311 (81.2) 1265 (80.6) 0.786 397 (82.2) 1179 (80.2) 0.571
| 301 (15.4) 119 (15.2) 182 (15.6) 65 (15.6) 236 (15.3) 60 (15.7) 241 (15.4) 70 (14.5) 231 (15.7)
2 74 (3.8) 26 (3.3) 48 (4.1) 9 (2.2) 65 (4.2) 12 (3.1) 62 (3.9) 15 (3.1) 59 (4.0)

Abbreviations: IQR, interquartile range; T2D, type 2 diabetes.
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Table 2 Metabolic Parameters.

Comparative Analysis of Patients with and without Any Non-Psychotic Psychiatric Disorder, Anxiety, Affective and Eating Disorders

median

(IQR)

Variable Total Any Non-Psychotic No Psychiatric P Anxiety No Anxiety P Affective No Affective P Eating No Eating P
Sample Psychiatric Disorder Disorder Disorders Disorders Disorders Disorders Disorder Disorders
n=1953 n=784 n=1169 n=416 n=1537 n=383 n=1570 n=483 n=1470
HbAIc %, median 79 78 79 0.650 79 78 0.851 78 79 0.896 76 7.95 0.220
(IQR) (6.4-10.2) (6.5-10.4) (6.4-10.2) (6.4-10.2) (6.4-10.2) (6.4-10.4) (6.4-10.2) (6.4-10.2) (6.4-10.3)
Total-cholesterol 184 188 184 0.003 187 183 0.126 187 183 0.297 186 184 0.075
g/dL, median (160-212) (163-214) (160-212) (164-213) (159-211) (161-211) (159-212) (163-214) (159-211)
(IQR)
LDL-cholesterol g/ 114 16 115 0.025 16 114 0.306 114 115 0.861 115 114 0.097
dL, median (92-137) (93-140) (93-137) (93-138) (92-137) (91-138) (93-137) (94-140) (92-136)
(IQR)
HDL-cholesterol 42 43 42 0.139 43 42 0.037 43 42 0.082 42 43 0.250
g/dL, median (36-49) (37-50) (36—49) (38-51) (3649) (37-51) (3649) (36-48) (36-50)
(IQR)
Non HDL- 141 144 141 0.008 143.5 141 0.308 142 141 0.579 144 140 0.030
cholesterol g/dL, (116-166) (119-170) (115-166) (118.5-168) (115-166) (118-166) (115-166) (120-170) (114-165)
median
(IQR)
Triglyceride g/dL, 169 172 169 0.031 171 169 0.434 171 169 0.135 177 166 0.0009
median (123-236) (130-242) (122-235) (128-236.5) (122-236) (133-242) (122-234) (134-249) (120-232)
(IQR)
Body mass 29.1 29.8 28.7 0.000 292 29.1 0.737 29.2 29.1 0.491 309 285 0.000
index kg/m?, (26-32.4) (26.5-33.5) (28.5-31.8) (26-32.6) (26-32.4) (26.1-32.9) (26-32.3) (27.7-35) (25.6-31.7)

Abbreviations: IQR, interquartile range; HbAl, glycated hemoglobin; LDL, low-density lipoprotein; HDL, high-density lipoprotein; Non-HDL, non-high density lipoprotein.
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Table 3 Multivariate Logistic Regression Analyses for the Presence of Any Non-Psychotic Psychiatric Disorder,
Anxiety, Affective and Eating Disorders

Dependent Variable Covariates OR 95% CI P
Non-psychotic psychiatric Female sex 2.17 1.77-2.67 0.000
disorders Age 0.96 0.95-0.97 0.000
PPH 245 1.93-3.12 0.000
Total cholesterol 1.01 0.99-1.01 0.613
LDL cholesterol 0.99 0.99-1.01 0.649
Non-HDL cholesterol 1.01 0.99-1.01 0.659
Triglycerides 0.99 0.99-1.00 0.348
BMI 1.03 1.01-1.05 0.001
Hypoglycemic drugs 0.98 0.86—1.32 0.787
Anxiety disorders Female sex 2.28 1.78-2.93 0.000
Age 0.96 0.95-0.97 0.000
Years of T2D diagnosis 1.13 1.05-1.21 0.001
PPH 1.93 1.49-2.50 0.000
HDL cholesterol 1.00 0.99-1.01 0.342
Hypoglycemic drugs 0.92 0.79-1.07 0.279
Affective disorders Female sex 233 1.82-2.99 0.000
Age 0.96 0.95-0.97 0.000
School years 0.95 0.92-0.98 0.002
PPH 222 1.71-2.89 0.000
Eating disorders Female sex 1.80 1.43-2.26 0.000
Age 0.96 0.95-0.97 0.000
School years 1.04 1.01-1.07 0.006
PPH 1.76 1.36-2.29 0.000
Non-HDL cholesterol 1.01 1.00-1.01 0.012
Triglycerides 0.99 0.99-1.01 0.628
BMI 1.09 1.07-1.12 0.000
Insulin 0.53 0.34-0.83 0.006

Abbreviations: PPH, personal psychiatric history; BMI, body mass index; T2D, type 2 diabetes; LDL, low density lipoprotein; HDL, high-density
lipoprotein; Non-HDL, non-high density lipoprotein.

sex, younger age, years of diagnosis, and personal psychiatric history were associated with AXD, whereas HDL-
cholesterol and oral hypoglycemic medications were not significant. The logistic regression for the presence of AFD
reported an association of age, female sex, school years, and PPH with those conditions. Age was also a protective factor
for AFD. Last, we found associations between female sex, age, school years, PPH, no-HDL cholesterol, BMI, and insulin
use with ED, whereas triglycerides were not significant. Again, age was a protective factor for eating disorders.

Age-Related Findings

The comparative analysis of age groups is depicted in Table 4. The younger group (<45 years) reported a higher
percentage of male subjects, a greater number of school years and insulin use, and fewer years of T2D diagnosis. Their
metabolic status presented higher levels of HbA ¢, triglycerides, and BMI compared to other groups. Young subjects also
reported a higher prevalence of any NPPD, AXD, AFD, and ED than older patients. The group of age between 45 and 65
years was 68% of the sample and had a higher presence of female subjects. This group presented higher levels of total
cholesterol and LDL-cholesterol compared to the other groups. The prevalence of NPPD for this group was greater than
the younger ones but higher than the oldest. The >65 years old group presented a female majority, with fewer years of
formal education, and longer time elapsed since T2D diagnosis. Nonetheless, they showed lower levels of HbAlc,
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Table 4 Comparative Analysis of Sociodemographic, Clinical Features, Metabolic Status, and Psychiatric Disorders of Patients with
Less Than 45, 45 to 65, and More Than 65 Years

Variable <45 Years n=444 | 45 - 65 Years n=1326 | >65 Years n=183 P
Age in years, median (IQR) 38 (34-42) 54 (50-59) 67 (66—69) 0.0001
Female sex, n (%) 205 (46) 757 (57) 108 (59) 0.0001
School years, median (IQR) 16 (12-16) 13 (9-16) 12 (9-16) 0.0001
Years of T2D diagnosis, median (IQR) 0 (0-2) 1 (0-3) 2 (0-3) 0.0001
HbAIc%, median (IQR) 8.6 (6.6—-10.9) 7.7 (6.4-10.1) 7 (6.2-8.8) 0.0001
Total-cholesterol g/dL, median (IQR) 180 (158-205) 186 (160-214) 184 (161-212) 0.0217
LDL-cholesterol g/dL, median (IQR) 113 (89.5-133) 116 (93-138) 114 (90-137) 0.0485
HDL-cholesterol g/dL, median (IQR) 40 (35-46) 43 (37-50) 44 (38-52) 0.0001
Non-HDL cholesterol g/dL, median (IQR) 139 (116-164) 143 (116-168) 138 (111-163) 0.1203
Triglyceride g/dL, median (IQR) 181 (128-265) 170 (123-232) 148 (115-195) 0.0001
Body mass index kg/m?, median (IQR) 29.5 (26.05-33.85) 29.05 (26.1-32.1) 28.4 (25.2-32) 0.0006
Non-psychotic psychiatric disorders, n (%) 221 (49) 523 (39) 40 (22) 0.000
Anxiety disorders, n (%) 129 (29) 263 (20) 24 (13) 0.000
Affective disorders, n (%) 114 (26) 249 (19) 20 (10.9) 0.000
Eating disorders, n (%) 146 (33) 319 (24) 18 (10) 0.000
Hypoglycemic drugs, n (%)

0 102 (23) 254 (19) 28 (15) 0.119
| 219 (49) 620 (47) 102 (56)

2 113 (25) 409 (31) 48 (26)

3 9(2) 39 (3) 503)

4 1(0.2) 4(0.3) 0

Insulin use, n (%) 52 (12) 100 (7) 21 (1) 0.012
Number of antihypertensive drugs, n (%)

0 395 (88.9) 1001 (75.4) 95 (51.9) 0.000
| 35 (7.8) 220 (l6.5) 57 3L.1)

2 9(2) 89 (6.7) 24 (13.1)

3 4 (0.9) 15 (1.1) 7(3.8)

4 1(0.2) | (0.07) 0

Number of hypolipidemic drugs, n (%)

0 375 (84.4) 1063 (80.1) 138 (75.4) 0.063
| 59 (13.2) 203 (15.3) 39 (21.3)

2 10 (2.2) 58 (4.3) 6(3.2)

Abbreviations: IQR, interquartile range; T2D, type 2 diabetes; HbA, glycated hemoglobin; LDL, low density lipoprotein; HDL, high-density lipoprotein; Non-HDL, non-

high density lipoprotein.

triglycerides, and BMI than the other groups. Lower prevalence of any NPPD, anxiety, affective, and eating disorders

were reported in this group compared with younger subjects.

The multivariate logistic regression analysis reported differences in the odds of presenting psychiatric disorders for

each age group as shown in Table 5. For the younger group, the results reported an association of NPPD with age, female

sex, PPH, and BMI. Age was reported as a risk factor.
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Table 5 Multivariate Logistic Regression Analyses for the Presence of Any Non-Psychotic Psychiatric Disorders, Anxiety, Affective
and Eating Disorders of Patients with Less Than 45, 45 to 65, and More Than 65 Years

<45 Years 45-65 Years >65 Years
Dependent Variable Covariates OR 95% IC OR 95% 1C OR 95% IC
NPPD Age |.82%¥* 1.46-2.28 0.87 0.71-1.06 0.36%%* 0.25-0.53
Female sex 2407k 1.89-3.04 2.07%%* 1.71-2.51 2. |k 1.74-2.56
PPH 2.35%%* 1.85-2.98 234 1.85-2.96 2. 340k 1.85-2.97
BMI 1.03%#* 1.01-1.05 |03+ 1.01-1.05 1.03%#* 1.01-1.05
Anxiety disorders Age 2.05%%* 1.59-2.65 0.70%* 0.55-0.88 0.48++* 0.31-0.76
Female sex 2.38%k* 1.88-3.02 2.27%F% 1.79-2.87 2.240%% 1.77-2.84
PPH 1.90%+* 1.46-2.46 1.90%+* 1.47-2.46 1.90%+* 1.47-2.46
Years T2D MRk 1.04-1.19 |.09%* 1.02-1.17 1.09%* 1.02-1.17
Affective disorders Age | .87+ 1.43-2.43 0.79 0.62—1.00 0.4%* 0.25-0.68
Female sex 233k 1.82-2.99 2.23%Fk 1.75-2.86 2.23%%k 1.74-2.85
PPH 2. 9FFk 1.69-2.85 2.20%%* 1.69-2.85 2| gk 1.69-2.85
School years 0.95%* 0.92-0.98 0.96** 0.93-0.99 0.95%* 0.92-0.98
Eating disorders Age 1.70%* 1.33-2.19 0.87 0.69-1.10 0.3 k¥ 0.18-0.53
Female sex .77+ 1.41-2.22 |.70%+* 1.35-2.12 1.7 1% 1.37-2.15
PPH |.74%%% 1.34-2.25 | .74%%% 1.34-2.25 |.74%%% 1.34-2.25
School years 1.04%* 1.01-1.08 1.05%¥* 1.02-1.08 1.04%* 1.01-1.07
Non-HDL cholesterol 1.003* 1.0007-1.005 1.003* 1.0007-1.005 1.003* 1.0005-1.005
BMI 1.09%** 1.07-1.12 | 10%¥* 1.07-1.12 1. 10%¥* 1.07-1.12
Insulin 0.56* 0.36-0.88 0.58* 0.37-0.90 0.59* 0.38-0.92

Note: *p<0.05; *p<0.01; ***p<0.001.
Abbreviations: PPH, personal psychiatric history; BMI, body mass index; T2D, type 2 diabetes; Non-HDL, non-high density lipoprotein.

The analysis for the second group showed no association of age with the presence of any NPPD (p=0.177), whereas
the rest of the covariates remained significant. The model for the older group also reported an association of all the
analyzed covariates with NPPD, but age was a protective factor in this group.

Female sex, age, PPH, and years of T2D diagnosis were associated with AXD in the three age models. Nonetheless,
age was reported as a risk factor for AXD in the group younger than 45 years and as a protective factor for subjects in the
two older groups.

We found an association of AFD with female sex, PPH, and years of formal education in all three groups. Age was
reported as a risk factor in patients younger than 45 years, whereas for subjects older than 65 years was a protective
factor. There was no association of age with AFD in the group of age 45 to 65 (p=0.056).

Finally, ED was associated with female sex, personal psychiatric history, years of formal education, non-HDL
cholesterol, BMI, and insulin use in all the groups. Age was found as a risk factor for ED in subjects younger than 45
years, and as a protective factor in patients older than 65 years. We found no association between age and ED in subjects
from 45 to 65 years (p=0.264).

Discussion

The present study analyzed the clinical and metabolic characteristics of subjects who suffer any NPPD as well as the
description of the groups with AXD, AFD, and ED in patients with less than 5 years of T2D diagnosis. Previous studies
reported a high prevalence of NPPD in patients with T2D with a heterogenic duration of time since diagnosis.'>® There
is scarce information about the metabolic status and integrative clinical features of each of the main psychiatric
comorbidities in patients with T2D with recent diagnoses. The main findings of this study are the identification of risk
factors and metabolic profiles associated with the presence of any NPPD, AXD, AFD, and ED.
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In our sample, 40% had some non-psychotic psychiatric disorder, being a similar number of previous reports of
psychiatric comorbidity in different populations with diabetes, and higher than the reported in newly diagnosed T2D and
populations without diabetes. Weyerer et al*’ reported a prevalence of any psychiatric condition of 43% using CIE-8
criteria in patients with diabetes older than 65 years from Munich. De Ornelas et al® found psychiatric comorbidity in
42.5% of 200 Brazilian patients with type 1 and 2 diabetes included in the study. Nonetheless, compared with data of
newly diagnosed patients with type 2 diabetes in a Danish cohort,”® our prevalence of NPPD is almost twice the reported.
This disparity might be associated with the methods of measuring since the reports included in the Danish cohort are
based on discharge and treatment codes from the system of health, which may not include subjects who are not under
treatment or who are not diagnosed. In contrast, our study evaluated intentionally the presence of psychiatric conditions
with a structured interview, which allow us to detect psychiatric conditions in all subjects who attended our center. In
non-T2D populations, Amruth et al*’ reported a prevalence of the psychiatric disorder in 32.5% of subjects with epilepsy,
whereas Winkler et al’” recently found a psychiatric condition in 32.94% of otherwise healthy adults during the second
wave of COVID-19 pandemic. So far, the reports on Mexican samples with T2D had focused on depressive disorder.
This is the first study to report a prevalence of various non-psychotic psychiatric disorders in our population using
a structured interview and psychiatric evaluation, which are the gold standard for the diagnosis of psychiatric disorders.

The main conditions that we detected were categorized as anxiety, affective and eating disorders. AXD were present
in one-fifth of our patients, and generalized anxiety disorder was the most frequent diagnosis in this group. Other studies
reported a higher prevalence of anxiety symptoms in the Mexican population using different tools.'>' Tovilla et al'’
reported that 55.1% of 820 patients had anxiety and identified a high association with complications in diabetes.
Martinez-Hernandez et al'® reported a prevalence of anxiety symptoms of 48.48%. However, there are no previous
reports on the prevalence of other anxiety disorders in the Mexican population with T2D. This paper is the first
publication to provide a prevalence of specific anxiety disorders in this population.

In our sample, one of the five patients had an AFD; among those, the most prevalent was major depressive disorder,
which was present in 15% of subjects. These results are discordant with other studies in Mexican populations that

reported depressive symptoms in 34-63%"'>'°

using non-diagnostic screening tools. Our numbers agree with the findings
of Castro-Aké et al’ who conducted a study on a sample of 186 T2D patients using also the MINI International
Neuropsychiatric Interview for the diagnosis of major depressive disorder. They identified a prevalence of major
depression of 10.8% in patients with less than 5 years of diabetes diagnosis and 16.6% in patients with more than 5
years. These disparities between the prevalence of depressive symptoms and depressive disorder are a common finding
while comparing the use of screening tools with diagnostic structured interviews or psychiatric clinical assessment.
We report a higher proportion of ED in comparison to the general population in Latin America reported at 3.5%."'

Two studies on Brazilian samples,®*>

identified prevalence using Structured Clinical Interview for DM-IV-TR and
Binge Eating Scale in patients with more than 5 years of diabetes. They reported 20% of eating behavior alterations,
being BED with the highest prevalence (10%) and eating disorders not otherwise specified (5.7%). Other studies focused
on BED reported a prevalence from 5% to 25.6%.>* A study on the Mexican population utilized the EFRATA tool
(Escala de Factores de Riesgo Asociados a Trastornos Alimentarios, as an acronym in Spanish), and identified higher
values of emotional eating in patients with diabetes.>> In our study, the most prevalent ED was eating disorders not
otherwise specified (emotional eating). We also found a lower prevalence of BED; nonetheless, it is still higher than the
general population of the American continent (4.6%).>°

Three factors were significant in all the regression models that we constructed. First, female sex was a risk factor for
the presence of any NPPD, AXD, AFD, and ED. This information is consistent with previous data about the higher
prevalence of depressive, anxiety, and eating disorders in females compared with males in the general population. Several

studies,>" 37

including a collaborative study in 14 countries reported that among T2D patients, women had increased
odds of major depressive disorder than men (OR=1.96)."” Also, a systematic literature review identified a different
prevalence of BED according to sex (0-9.8% for women and 0—0.5%for men).*®

The second risk factor associated with all NPPD groups was younger age. In contrast with previous psychiatric
research,*® our population with psychopathology was younger. The regression models for NPPD, anxiety, affective and

eating disorders reported age as a protective factor. This information is discordant with several reports where a higher
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risk for mental health conditions is associated with age in patients without T2D.>'7 According to our age analysis,
patients younger than 45 years presented the worst metabolic parameters and higher prevalence of psychiatric conditions
compared with the other two age groups. On the multivariate logistic analysis, it was evident that patients with less than
45 years had higher odds of presenting any NPPD, anxiety, affective, and eating disorders than subjects of other ages.
Data for patients between 45 and 65 years was heterogenic since there was no association between this range of age with
the presence of NPPD or AFD. This group had decreased odds of anxiety and eating behavior disorders. Subjects older
than 65 years reported better metabolic status and lesser odds of presenting any NPPD, anxiety, affective, and eating
behavior disorders compared with younger subjects. Our evidence suggests that risk factors for NPPD in patients with
a recent diagnosis of T2D differ from what has been reported in other samples. There are different possible explanations
for this phenomenon. First, subjects younger than 45 years are likely to be early-onset T2D patients that have been
associated with higher rates of diabetes-related complications, increased mortality, and worst metabolic control.*' This
is in line with our results where younger patients reported the worst metabolic parameters. Glycemic and metabolic poor
control in T2D has been linked with a chronic low inflammatory process that involves the activation of pro-
inflammatory molecules, such as interleukins and TNFa.*> These same molecules had been implicated in the patho-
physiology of psychiatric disorders with several meta-analyses reporting higher levels of proinflammatory molecules in
association with affective, anxiety, and eating disorders.*>*> Therefore, the subjacent inflammatory process in our
early-onset T2D patients that exhibit poor metabolic control might link to the increased odds of NPPD in patients
younger than 45 years.

Also, premature aging in subjects with psychiatric disorders has been described in clinical and biological research.*®
Several studies reported a reduction of life expectancy of 8-10 years in patients with psychiatric disorders compared with
controls.*’*° This phenomenon had been associated with an increased risk of cardiovascular and metabolic morbidity
and telomere shortening.**** Meta-analyses data reported shorter telomeres in psychiatric populations compared with
controls.’® Different mechanisms have been implicated in this situation including oxidative stress and inflammatory
pathways associated with psychiatric conditions. Telomere shortening is linked with dysregulated immune function,
cancer, diabetes, and cardiovascular disease.’” Therefore, patients with psychiatric conditions might experience an earlier
presentation of comorbidities such as T2D.

Another important subject to address while discussing our results is the alterations in brain metabolism and insulin
resistance in the central nervous system (CNS). Younger ages of T2D onset had been associated with severe insulin

>1-32 which may impact brain activity.”® Several studies had reported changes in neural and glial cell function®*>¢

resistance
in association with insulin resistance, which include changes in dopamine signaling,”” hippocampal synaptic plasticity,”®
blood—brain barrier function,’® and mitochondrial function,® to mention a few findings. These data might translate to clinical
practice in the frequently observed cognitive and behavioral alterations in patients with insulin resistance.”**°! Researchers
had highlighted the disruption of the mesocorticolimbic circuit in subjects with insulin resistance®” since this dopaminergic

pathway is involved in the regulation of food intake,’® mood, and behavior,>**’

which might explain the high prevalence of
psychiatric disorders in T2D.%>%* We believe this data might also explain part of our findings in young subjects. Nonetheless,
more research is needed in the field.

The third risk factor associated with all NPPD groups was personal psychiatric history. We identified two kinds of
antecedents: first as a previous episode of a psychiatric disorder, and second as another psychiatric disorder. Other studies
included mild anxiety or depressive symptoms as risk factors associated with mental illness in patients without T2D.** Inversely,
association of psychiatric disorders as risk factor for type 2 diabetes has been identified, Lindekilde et al” conducted an overview
review and reported depression (RR = 1.18 [95% IC 1.12—-1.24] to RR = 1.60 [95% IC 1.37-1.88]), anxiety (OR = 1.47 [95% IC
1.23-1.75]) and insomnia (RR = 1.55 [95% IC 1.21-1.99] to RR = 1.74 [95% IC 1.30-2.34]) as risk factors for T2D.

For metabolic parameters, we found differences between NPPD vs non NPPD in non-HDL cholesterol, triglycerides,
and BMI. On the multivariate analysis, BMI remained significant. Anxiety and affective disorders were not associated
with metabolic parameters following multivariate analysis. Eating disorders reported an association with non-HDL
cholesterol and BMI. We did not identify a difference in HbAlc, which can be explained by a recent diagnosis and
early medical attention, the absence of T2D-related complications, and their impact on glycemic control. Regarding the
characteristics of T2D, we report an association of years of T2D with AXD. The use of insulin was a protective factor for
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eating disorders in our sample, which might be in line with better metabolic control and less diabetes-related hyperpha-
gia; as well as the modulation of food intake exerted by insulin.>

We acknowledge some limitations in our study such as the lack of a control group, the lack of inclusion of drug users,
and the exclusion of patients with psychotic disorders; these difficult the extrapolation of our results to the population
with these characteristics; finally, we were unable to control recall bias. The strengths of this study are a big sample size
which allows a methodological quality through control of selection, measurement, and interview bias.

Conclusion

Younger age, female sex, and previous psychiatric diagnosis are the main risk factors for NPPD. Patients younger than 45
years are a population with increased odds of NPPD and poor metabolic control. The presence of NPPD at early-onset of
T2D highlights the necessity of mental health attention to reduce the total disability-adjusted life years, improve quality
of life, and decrease complications and mortality.
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