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Abstract OBJECTIVES: Type 1 diabetes mellitus (T1DM), resulting from an immune-
associated destruction of insulin-secreting pancreatic β-cells, has been reported 
in a few earlier studies to be inversely associated with schizophrenia, but not with 
schizophrenia-like psychoses. The aim of this study was to verify this finding by 
carrying out a Swedish register study.
METHODS: Data from the Total Population- and Medical Birth-Registers were 
used to create a cohort of all individuals born in Sweden 1987–2004. The cohort 
individuals were linked with the Inpatient- and Outpatient-Registers and followed 
from birth to 2017 to identify onset of T1DM, schizophrenia and schizoaffective 
disorder. Cox proportional hazard regression models were used to assess the asso-
ciation between T1DM and risk of developing schizophrenia or schizoaffective 
disorder during a follow-up from age 13.
RESULTS: The study population included 1 745 977 individuals and the length 
of follow-up was maximally 18.0 (median 9.7) years. During the follow-up, 1 280 
individuals developed schizophrenia and 649 individuals schizoaffective disorder. 
The risk of developing schizophrenia was significantly lower among individuals 
with, than among individuals without, a diagnosis of T1DM, whereas the risk of 
developing schizoaffective disorder did not differ among individuals with or with-
out a T1DM diagnosis [adjusted hazard ratio (95% confidence interval); schizo-
phrenia: 0.29 (0.09–0.91), p=0.0338, schizoaffective disorder: 1.50 (0.71–3.16), 
p=0.2909].
CONCLUSIONS: This study, in line with previous studies, shows that a diagnosis 
of T1DM is associated with a decreased risk of schizophrenia. This finding of an 
inverse association between T1DM and schizophrenia may bring an interesting 
piece, related to autoimmunity, into the schizophrenia-aetiology puzzle. 
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INTRODUCTION
Schizophrenia is a chronic psychotic disorder that 
affects approximately 0.5% of the population worldwide 
(Freedman, 2003; McGrath et al. 2008), and whose aeti-
ology still, in the main, is unknown. Nevertheless, the 
literature provides strong evidence for a role of genetic 
factors in its aetiology (Giegling et al. 2017; Li et al. 
2017; Pardiňas et al. 2018; Ptacek et al. 2011; Ripke et al. 
2014). There are also indications that schizophrenia is 
a systemic disorder and not only a brain disease (Flyckt, 
2001; Kirkpatrick et al. 2014; Moises et al. 2002).

Somatic comorbidity in schizophrenia is rather 
common, and prevalences of several somatic diseases, 
abnormalities and syndromes, such as a larger range 
of autoimmune diseases, cardiovascular disease, HIV 
infection and hepatitis, inguinal hernia, metabolic 
syndrome, neurologic abnormalities, neuromuscular 
dysfunction and the velocardiofacial syndrome, are 
higher in schizophrenia patients than in the general 
population (Benros et al. 2011; Chen et al. 2012; Karay-
iorgou et al. 1995; Leucht et al. 2007; Melkersson & 
Wernroth, 2017; Meltzer, 1976; Nasrallah, 2005; Saari 
et al. 2005). In contrast, some other somatic diseases, 
such as cancer and the autoimmune disease rheumatoid 
arthritis, occur less frequently in patients with schizo-
phrenia (Chen et al. 2012; Eaton et al. 1992; Leucht et 
al. 2007; Melkersson, 2009; Pilkington, 1956; Sellgren 
et al. 2014).

Concerning comorbidity of diabetes mellitus (DM) 
and schizophrenia, there are many studies published 
reporting that type 2 diabetes mellitus (T2DM), which 
is characterized by relative insulin deficiency caused by 
pancreatic β-cell dysfunction and insulin resistance in 

target organs (Chatterjee et al. 2017), occurs more com-
monly in schizophrenia patients than in the general 
population (Mukherjee et al. 1996; Stubbs et al. 2015; 
Vancampfort et al. 2016). This is thought to result from 
the schizophrenia illness itself, lifestyle factors such as 
excessive cigarette smoking, unhealthy diet and physical 
inactivity, and the antipsychotic treatment (Brown et al. 
1999; Greenhalgh et al. 2017; Hirsch et al. 2017; Melk-
ersson & Dahl, 2004; Melkersson et al. 2004; Perry et al. 
2016; Ryan et al. 2003; Spelman et al. 2007). In contrast, 
type 1 diabetes mellitus (T1DM), which results from 
an immune-associated destruction of insulin-secreting 
pancreatic β-cells (Atkinson et al. 2014), seems to be 
negatively associated with schizophrenia, though not 
with schizophrenia-like psychoses (Benros et al. 2011, 
2014a, 2014b; Eaton et al. 2006, 2010; Finney, 1989; 
Juvonen et al. 2007; Mortensen & Eaton, 2008).

In Sweden, we have population- and health-registers 
with satisfactory validity of diagnoses and high tech-
nical quality (Dalman et al. 2002; Kristjansson et al. 
1987), which are well suited for epidemiological studies. 
A recently published review of the last 30 years of Swed-
ish register studies regarding causes for schizophrenia 
also shows that these registers have added considerably 
to our understanding of several risk factors for schizo-
phrenia (Harper et al. 2015). Since only two studies and 
one preliminary report on the comorbidity of T1DM 
and schizophrenia hitherto have been published (Eaton 
et al. 2006; Finney, 1989; Juvonen et al. 2007), more 
studies are needed to verify the previous finding of an 
inverse association between these two disorders. There-
fore, we carried out a Swedish population-based regis-
ter study to assess the association between T1DM and 
schizophrenia or its related schizoaffective disorder.

Tab. 1. Classification codes used for each diagnosis in the study 

Diagnosis ICD-7 codesa in 1958-1968 ICD-8 codesa in 1969-1986 ICD-9 codesa in 1987-1996 ICD-10 codesa in 1997-2017

Schizophrenia years 1958-1963:
300.0-300.5, 300.7

years 1964-1968:
300.99

295.00-295.30, 295.60,
295.99

295A-295D, 295G, 295W, 
295X

F20.0-F20.3, F20.5, F20.6, 
F20.9

Schizoaff ective 
disorder

years 1958-1963:
300.6

years 1964-1968:
not specifi ed, included in 
300.99

295.70 295H F25.0-F25.2, F25.8, F25.9

Diabetes 
mellitus; type 1

years 1958-1963:
260

years 1964-1968:
260.09, 260.20, 260.21,
260.29, 260.30, 260.40,
260.49, 260.99

250.00-250.09 250A-250H, 250X E10

Diabetes 
mellitus; type 2

E11

Diabetes 
mellitus; other 
types, including 
unspecifi ed type

E12-E14

a According to The International Classification of Diseases (ICD) 7th, 8th, 9th and 10th revisions (http://www.socialstyrelsen.se) 



127Neuroendocrinology Letters Vol. 40 No. 2 2019 • Article available online: www.nel.edu

Melkersson et al: Type 1 diabetes and schizophrenia 

MATERIAL & METHODS 
The study was approved by the Regional Ethical Review 
Board, Stockholm, Sweden. A flow diagram of the study 
population is shown in Figure 1. Data from the Total 
Population- and Medical Birth-Registers were used to 
create a cohort of all individuals born in Sweden from 
January 1, 1987 to December 31, 2004 (n=1 889 203). 
Individuals who were lacking information about their 
mothers (n=3 851), had incomplete migration data 

(n=6 306), were part of multiple births (n=52 563), or 
had emigrated (n=70 374) or died (n=10 088) before 
13 years of age were excluded. The final study cohort 
consisted of total 1 745 977 individuals living in Sweden 
at age 13 (Figure 1).

The individuals of the study cohort were linked 
with the National Inpatient- and Outpatient-Registers 
and followed to identify onset of T1DM, schizophre-
nia and schizoaffective disorder from birth until death, 
emigration or December 31, 2017, whichever came 

Fig. 1. Flow diagram of the study population. aHeld by Statistics Sweden; bHeld by the National Board of Health and Welfare in Sweden.

Data from the Total Populationa- 
and Medical Birthb-Registers 

Data from the National Inpatient- 
and Outpatient-Registersb 

Data from the Multi-Generation 
Registera 

Information about education and 
income of the parents from the 
database LISAa

Information about age of the 
parents, maternal smoking during 
pregnancy, season of birth, and 
gestational age, weight and Apgar 
score of the cohort individuals 
at birth from the Medical Birth 
Registerb

All individuals born in Sweden
January 1, 1987–December 31, 2004 
(n=1 889 203)

Individuals (singletons) living in 
Sweden at age 13 (n=1 746 021)

Final study cohort (n=1 745 977), 
including 1 280 individuals with 
schizophrenia and 649 individuals 
with schizoaffective disorder 

Individuals with parental infor- 
mation (n=1 738 416)

Thirty-two individuals with 
schizophrenia and heredity, and 
9 individuals with schizoaffective 
disorder and heredity were 
identified

Lacking information about their 
mothers (n=3 851)

Incomplete migration data
(n=6 306)

Multiple birth (n=52 563)

Diabetes mellitus diagnosis before 6 
months (n=25)

Emigration (n=70 374) or death 
(n=10 088) before age 13

Schizophrenia (n=14) or 
schizoaffective disorder (n=5) 
diagnoses before age 13

Lacking information about their 
fathers (n=7 561) 
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Tab. 2. Characteristics of the study population 

Characteristic

Outcome: SCH Outcome: SA

No T1DM before 

end of follow-up

T1DM before 

end of follow-up

No T1DM before 

end of follow-up

T1DM before 

end of follow-up

All (n) 1 730 620 15 357 1 730 617 15 360

Sexa

  men
  women

888 478 (51.3)
842 142 (48.7)

8 520 (55.5)
6 837 (44.5)

888 474 (51.3)
842 143 (48.7)

8 524 (55.5)
6 836 (44.5)

Highest level of education achieved by 
either parenta

  > 9 years
  9 years
  < 9 years
  missing

1 602 985 (92.7)
99 087 (5.7)
15 782 (0.9)
12 766 (0.7)

14 455 (94.1)
771 (5.0)

82 (0.5)
49 (0.3)

1 602 984 (92.7)
99 085 (5.7)
15 782 (0.9)
12 766 (0.7)

14 456 (94.1)
773 (5.0)

82 (0.5)
49 (0.3)

Household income categorized into fi fths at 
time of birth of the cohort individuala
  1 (lowest)
  2
  3
  4
  5 (highest)
  missing

333 853 (19.3)
350 513 (20.3)
351 229 (20.3)
350 524 (20.3)
339 399 (19.6)

5 102 (0.3)

2 757 (18.0)
3 247 (21.1)
3 255 (21.2)
3 161 (20.6) 
2 922 (19.0)

15 (0.1)

333 852 (19.3)
350 512 (20.3)
351 229 (20.3)
350 523 (20.3)
339 399 (19.6)

5 102 (0.3)

2 758 (18.0)
3 248 (21.1)
3 255 (21.2)
3 162 (20.6) 
2 922 (19.0)

15 (0.1)

Parent born outside Swedena

  father
  mother
  missing

217 205 (12.6)
200 756 (11.6)

7 658 (0.4)

1 104 (7.2)
950 (6.2)

40 (0.3)

217 204 (12.6)
200 755 (11.6)

7 658 (0.4)

1 105 (7.2)
951 (6.2)

40 (0.3)

Mother living with the father at time of birth 
of the cohort individuala
  yes
  no
  missing

1 509 195 (87.2)
82 996 (4.8)

138 429 (8.0)

13 511 (88.0)
644 (4.2)

1 202 (7.8)

1 509 193 (87.2)
82 995 (4.8)

138 429 (8.0)

13 513 (88.0)
645 (4.2)

1 202 (7.8)

Mother’s age at time of birth of the cohort 
individual (year)b 29.3 (5.1) 29.4 (5.0) 29.3 (5.1) 29.4 (5.0)

Father’s age at time of birth of the cohort 
individual (year)b

  missinga
32.2 (6.1)

7 522 (0.4)
32.1 (6.0)

39 (0.3)
32.2 (6.1)

7 522 (0.4)
32.1 (6.0)

39 (0.3)

Smoking during early pregnancya

  non-smoker
  1 - 9 cigarettes/ day
  > 9 cigarettes/ day
  missing

1 311 153 (75.8)
189 542 (11.0)

105 653 (6.1)
124 272 (7.2)

11 998 (78.1)
1 504 (9.8)

831 (5.4)
1 024 (6.7)

1 311 153 (75.8)
189 542 (11.0)

105 651 (6.1)
124 271 (7.2)

11 998 (78.1)
1 504 (9.8)

833 (5.4)
1 025 (6.7)

Season of birtha

  Spring
  Summer
  Autumn
   Winter

477 487 (27.6)
448 859 (25.9)
396 476 (22.9)
407 798 (23.6)

4 300 (28.0)
3 946 (25.7)
3 538 (23.0)
3 573 (23.3)

477 486 (27.6)
448 857 (25.9)
396 476 (22.9)
407 798 (23.6)

4 301 (28.0)
3 948 (25.7)
3 538 (23.0)
3 573 (23.3)

Gestational agea

  < 38 weeks
  38 - 40 weeks
  > 40 weeks
  missing

166 577 (9.6)
1 104 626 (63.8)

430 396 (24.9)
29 021 (1.7)

1 814 (11.8)
9 836 (64.0)
3 446 (22.4)

261 (1.7)

166 575 (9.6)
1 104 625 (63.8)

430 396 (24.9)
29 021 (1.7)

1 816 (11.8)
9 837 (64.0)
3 446 (22.4)

261 (1.7)

Birth weight (g)b

  < 3000 ga

  3000 - 3999 ga

  ≥ 4000 ga

  missinga

3 552.7 (556.1)
222 947 (12.9)

1 141 439 (66.0)
335 142 (19.4)

31 092 (1.8)

3 571.5 (556.3)
1 934 (12.6)
9 967 (64.9)
3 177 (20.7)

279 (1.8)

3 552.7 (556.1)
222 944 (12.9)

1 141 439 (66.0)
335 142 (19.4)

31 092 (1.8)

3 571.2 (556.7)
1 937 (12.6)
9 967 (64.9)
3 177 (20.7)

279 (1.8)

Birth weight in relation to gestational agea

  small for age
  normal
  large for age
  missing

40 773 (2.4)
1 595 846 (92.2)

60 789 (3.5)
33 212 (1.9)

323 (2.1)
14 062 (91.6)

676 (4.4)
296 (1.9)

40 772 (2.4)
1 595 844 (92.2)

60 789 (3.5)
33 212 (1.9)

324 (2.1)
14 064 (91.6)

676 (4.4)
296 (1.9)

Apgar score at 1 mina

  0 - 6
  7 - 10
  missing

70 934 (4.1)
1 620 451 (93.6)

39 235 (2.3)

670 (4.4)
14 323 (93.3)

364 (2.4)

70 934 (4.1)
1 620 448 (93.6)

39 235 (2.3)

670 (4.4)
14 326 (93.3)

364 (2.4)

Abbreviations: g = gram, min = minute, SA = schizoaffective disorder, SCH = schizophrenia, T1DM = type 1 diabetes mellitus 
a Data are given as number (%), bData are given as mean (standard deviation)
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first (Figure 1). The Inpatient Register covers satisfac-
torily the general and mental hospital care in Sweden 
since 1987, and the Outpatient Register the general 
and mental outpatient care in Sweden since 2001. All 
diagnoses in the registers are defined according to The 
International Classification of Diseases (ICD) (http://
socialstyrelsen.se), and the classification codes used 
for each diagnosis in this study are shown in Table 1. 
Individuals were categorized from the date of their first 
contact to a hospital or polyclinic with such a diag-
nosis. In addition, heredity for T1DM, schizophrenia 
and schizoaffective disorder was established by linking 
data on the biological parents of the cohort individu-
als, derived from the Multi-Generation Register, with 
the Inpatient- and Outpatient-Registers (Figure 1). 
Moreover, information about age of the parents, mater-
nal smoking during pregnancy, season of birth, and 
gestational age, weight and Apgar score of the cohort 
individuals at birth was derived from the Medical 
Birth Register, while information about education and 
income of the parents was derived from the longitudi-
nal integrated database for health insurance and labour 
market studies, called in Swedish LISA (Figure 1).

To assess the associations between T1DM as 
a time-updated exposure and risk of schizophrenia or 
schizoaffective disorder, we applied Cox proportional 
hazard (PH) models, using age as timescale. Follow-up 
started at age 13, and individuals with childhood-onset 
schizophrenia or schizoaffective disorder, defined as 
being diagnosed with schizophrenia or schizoaffec-
tive disorder before age 13 (Lachman, 2014), were 
excluded (n=19). Individuals were censored at emigra-
tion, death or end of follow-up (December 31, 2017). 
We used a robust sandwich covariance matrix estimate 
to account for the lack of independence of individuals 
within the same family. The assumption of PHs was 
visually checked by plotting the Schoenfeld residuals 
against rank time and fitting a smooth curve with 95% 

confidence bands. The residuals showed that the PH 
assumption was violated for sex. We therefore stratified 
by sex, after no more violations were observed. Further, 
the associations between T1DM as a time-updated 
exposure and risk of schizophrenia or schizoaffective 
disorder were visualized using Simon-Makuch plots 
(Simon & Makuch, 1984).

Potential confounders were selected for adjustment 
based on directed acyclic graphs (Greenland et al. 1999) 
taking into account prior knowledge regarding their 
effect on T1DM and schizophrenia or schizoaffective 
disorder (Bertelsen & Gottesman, 1995; Bingley et al. 
2000; Craddock et al. 2005; Harper et al. 2015; Hidayat 
et al. 2019; Hultman et al. 1999; Häfner, 2003; Khashan 
et al. 2015; Malaspina et al. 2001; Marshall et al. 2004; 
Tuomilehto, 2013; Waernbaum et al. 2019; Zammit et 
al. 2009). Hence, we adjusted for sex, gestational age, 
birth weight in relation to gestational age, maternal 
smoking during pregnancy (only data from early preg-
nancy was available), paternal age, parity, heredity for 
T1DM, and heredity for schizophrenia or schizoaffec-
tive disorder. Furthermore, to adjust for unmeasured 
and measured environmental and genetic confounding 
factors shared by siblings, we estimated a stratified Cox 
PH model conditional on sibling cluster (D’Onofrio et 
al. 2013). Only clusters with at least one schizophre-
nia- or schizoaffective disorder-event individual and 
at least one event-free individual at the age of event 
in the schizophrenia or schizoaffective disorder indi-
vidual, contribute to the estimations in the sibling 
analyses; informative sample size is thus reported for 
sibling analyses. Finally, we also conducted subgroup 
analyses by heredity for schizophrenia or schizoaffec-
tive disorder.

A p-value of less than 0.05 was considered statisti-
cally significant. All calculations were made with the 
statistical program SAS version 9.4 (SAS Institute, Inc., 
Cary, NC, USA).

Tab. 3. Incidence rates of schizophrenia or schizoaffective disorder associated with a diagnosis of type 1 diabetes mellitus before onset of 
respective psychotic disorder

Somatic disease

All Men Women

Cases (n) FU timea IR (95% CI)b Cases (n) FU timea IR (95% CI)b Cases (n) FU timea IR (95% CI)b

Schizophrenia

Type 1 diabetes 
mellitus 3 1.21 2.48 

(0.51-7.26) 3 0.66 4.53 
(0.93-13.24) 0 0.55 0.00 

(na-6.77)

No type 1 diabetes 
mellitus 1 277 161.85 7.89 

(7.46-8.33) 875 83.17 10.52 
(9.83-11.24) 402 78.68 5.11 

(4.62-5.63)

Schizoaff ective disorder

Type 1 diabetes 
mellitus 7  1.21 5.80 

(2.33-11.94) 4 0.66 6.04 
(1.64-15.46) 3 0.55 5.51 

(1.14-16.09)

No type 1 diabetes 
mellitus 642 161.88 3.97 

(3.66-4.28) 294 83.20 3.53 
(3.14-3.96) 348 78.69 4.42 

(3.97-4.91)

Abbreviations: CI = confidence interval, FU = follow-up, IR = incidence rate, n = number, na = not applicable
a Expressed as 100 000 person-years at risk
b Number of new cases per 100 000 person-years at risk
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RESULTS 
The study population included 1 745 977 individuals 
(52% males, 48% females) and the length of follow-up 
was maximally 18.0 (median 9.7) years from their 13th 
birthday. Characteristics of the study cohort are given 
in Table 2. During the follow-up, 1 280 individuals 
developed schizophrenia and 649 individuals schizoaf-
fective disorder (Figure 1). The median age at diagnosis 
of schizophrenia was 22.2 years, and that at diagnosis 
of schizoaffective disorder was 22.1 years.

The incidence rates (IRs) of schizophrenia or 
schizoaffective disorder associated with a diagnosis 
of T1DM before onset of respective psychotic disorder 
are given in Table 3, and the cumulative incidence esti-

mates are shown in Figures 2A and 2B. The risk of devel-
oping schizophrenia was significantly lower among 
individuals with, than among those without, a diagno-
sis of T1DM before onset of schizophrenia [unadjusted 
hazard ratio (HR) (95% confidence interval (CI)): 0.29 
(0.09–0.89), p=0.0301; adjusted HR (95% CI): 0.29 
(0.09–0.91), p=0.0338]. In contrast, the risk of develop-
ing schizoaffective disorder did not differ among indi-
viduals with or without a diagnosis of T1DM before 
onset of schizoaffective disorder [unadjusted HR (95% 
CI): 1.33 (0.63–2.80), p=0.4517); adjusted HR (95% CI): 
1.50 (0.71–3.16), p=0.2909].

In the sibling analyses, similar associations, although 
not significant, were observed [schizophrenia (n=1621); 
adjusted HR (95% CI): 0.37 (0.07–2.04), p=0.2560, 

Fig. 2. Simon-Makuch estimates of cumulative incidence of schizophrenia (A) or 
schizoaffective disorder (B) in percentage (%) in relation to follow-up time in 
years among all individuals with (red line) or without (blue line) a diagnosis of 
type 1 diabetes mellitus (T1DM) before onset of respective psychotic disorder. 
Follow-up of the individuals started at 13 years of age and the number of 
individuals at risk with or without T1DM (in red or blue) at different follow-up 
points of time are given below the figures.
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schizoaffective disorder (n=801); adjusted HR (95% 
CI): 2.77 (0.47–16.30), p=0.2606], and in the analyses 
by heredity for schizophrenia or schizoaffective dis-
order, similar associations were noted independent of 
heredity, even if two of the subgroups studied were too 
small to be included in calculations (Table 4).

DISCUSSION
In this nationwide population-based register study, 
we found that a diagnosis of T1DM is associated with 
a decreased risk of developing schizophrenia, but not 
of developing its related schizoaffective disorder. The 
results remained when controlling for known con-
founders, and in the additional sibling-cohort analysis, 
matching for shared genetic and environmental risks, 
similar associations were also observed.

Our finding of an inverse association between 
T1DM and schizophrenia is fully in line with previous 
results of two studies and one preliminary report, also 
showing such an inverse association (Eaton et al. 2006; 
Finney, 1989; Juvonen et al. 2007). However, when 
patients with schizophrenia spectrum disorder (i.e. not 
only with schizophrenia, but also with schizophrenia-
like psychoses) have been studied earlier, no inverse 
association between T1DM and the psychotic spectrum 
disorder has been revealed (Benros et al. 2011, 2014a; 
Eaton et al. 2010), indicating that this inverse associa-
tion is specific for schizophrenia, as found in our study.

The question arises of what is the reason for this 
inverse association between T1DM and schizophre-
nia. Both neurodevelopmental and autoimmune 
mechanisms have been implicated in the pathogenesis 
of  schizophrenia (Goldsmith & Rogers, 2008; Harri-
son, 1999), and for long time it also has been hypoth-

esized that schizophrenia is fundamentally a diabetic 
brain state, i.e. a cerebral form of diabetes (Holden & 
Mooney, 1994). Clinical and post mortem studies have 
shown signs of impaired metabolism and insulin recep-
tor deficits in the brain, as well as decreased insulin sen-
sitivity peripherally and increased prevalence of T2DM 
in patients with schizophrenia (Brambilla et al. 1976; 
Holden & Mooney, 1994; Ryan et al. 2003; Zhao et al. 
2006). Insulin resistance and increased heredity for, and 
prevalence of, T2DM have also been reported in unaf-
fected siblings and parents of schizophrenia patients 
(Fernandez-Egea et al. 2008a, 2008b; Huang et al. 2019; 
Miller et al. 2016; Mukherjee et al. 1989; Spelman et 
al. 2007). In addition, increased prevalence of T1DM 
has been reported in unaffected first-degree relatives 
of schizophrenia patients (Eaton et al. 2006; Gilvarry 
et al. 1996; Mortensen & Eaton, 2008; Wright et al. 
1996). In this study, in the subgroup analysis by hered-
ity for schizophrenia, our result of an inverse associa-
tion between T1DM and schizophrenia independent 
of heredity points to that T1DM exerts protection 
against schizophrenia independently of its familial or 
non-familial form. However, it is not clear whether it 
is the T1DM disease itself, or the insulin therapy that 
is continuously used for the treatment of T1DM, or 
a combination of both, which protects against the devel-
opment of schizophrenia as a possible diabetic brain 
state (Holden & Money, 1994). Interestingly, before the 
introduction of neuroleptics in the early 1950s, insulin 
coma- (or subcoma-) therapy was used in the treatment 
of schizophrenia, and in spite of undesirable fatal hypo-
glycaemia in a few patients, often with good antipsy-
chotic effect (Cohen, 1949; Sakel, 1994).

Childhood-onset schizophrenia (defined as an onset 
of schizophrenia before age 13) is a rare early-onset 

Tab. 4. Risk of schizophrenia or schizoaffective disorder associated with a diagnosis of type 1 diabetes mellitus before onset of respective 
psychotic disorder in individuals with or without heredity for schizophrenia or schizoaffective disorder 

Variable Cases (n) FU timea IR (95% CI)b Adjusted HR 
(95% CI), p-value

Schizophrenia

Heredity for 
schizophrenia 

Type 1 diabetes mellitus 0 0.003 0.00 (na-1093.19) na

No type 1 diabetes mellitus 32 0.41 78.78 (53.89-111.21)

No heredity for 
schizophrenia 

Type 1 diabetes mellitus 3 1.20 2.50 (0.52-7.30) 0.31 (0.10-0.96), p=0.0420

No type 1 diabetes mellitus 1235 160.76 7.68 (7.26-8.12) reference 1.00

Schizoaff ective disorder 

Heredity for 
schizoaff ective disorder

Type 1 diabetes mellitus 0 0.002 0.00 (na-2358.72) na

No type 1 diabetes mellitus 9 0.22 40.71 (18.62-77.28)

No heredity for 
schizoaff ective disorder

Type 1 diabetes mellitus 7 1.20 5.82 (2.34-11.99) 1.51 (0.72-3.19), p=0.2756

No type 1 diabetes mellitus 629 160.97 3.91 (3.61-4.23) reference 1.00

Abbreviations: CI = confidence interval, FU = follow-up, HR = hazard ratio, IR = incidence rate, n = number, na = not applicable
a Expressed as 100 000 person-years at risk
b Number of new cases per 100 000 person-years at risk
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variant of the more common adult-onset schizophre-
nia (Asarnow & Forsyth, 2013; Kolvin, 1971; Lachman, 
2014; Nicolson & Rapoport, 1999). Although the cur-
rent diagnostic classification systems DSM-5 (Ameri-
can Psychiatric Association, 2013) and ICD-10 (http://
www.socialstyrelsen.se) use the same criteria to diag-
nose schizophrenia in children as in adults (Lachman, 
2014), childhood-onset schizophrenia is associated 
with a  greater familial aggregation of schizophrenia 
spectrum disorders and a higher rate of rare genetic 
variants than the adult-onset schizophrenia (Asarnow 
& Forsyth, 2013). In this study, we therefore focused on 
individuals with adult-onset schizophrenia or schizoaf-
fective disorder and excluded the 19 individuals with 
onset of either of the two disorders before 13 years 
of  age from the final study cohort. A separate inves-
tigation of these 19 individuals also showed that one 
of the 14 individuals with onset of schizophrenia before 
age 13 developed T1DM, but at age 14.3 years, i.e. first 
after getting the diagnosis of schizophrenia. We also 
excluded the 25 individuals who had a diagnosis of DM 
occurring before 6 months of age from the final study 
cohort. This form of DM, termed neonatal DM, is a DM 
form other than T1DM or T2DM that is predominantly 
monogenically caused (Greely et al. 2011; Lemelman et 
al. 2018). A separate follow-up of these 25 individuals 
showed however that none of them developed schizo-
phrenia or schizoaffective disorder, neither before or 
after 13 years of age. To further limit the presence of 
potential confounders in the study (Nokoff & Rewers, 
2013; Waernbaum et al. 2019), we also chose to exclude 
all individuals who were part of multiple births from 
our final study cohort.

The major strength of this study includes its pro-
spective and population-based design, ensuring that 
all events of schizophrenia or schizoaffective disor-
der were recorded prospectively and independently 
of the exposure (i.e. T1DM) and therefore not subject 
to selection or recall bias. A further strength includes 
the narrow diagnostic selection of only schizophrenia 
and its related schizoaffective disorder, and not of all 
nonaffective psychoses, allowing investigation of spe-
cific associations between T1DM and schizophrenia or 
schizoaffective disorder. The limitations, on the other 
hand, consist of lack of analyses of associations between 
T1DM and schizophrenia or schizoaffective disorder 
with onset between 32–40 years of age or late-onset, i.e. 
after the age of 40 (Harris & Jeste, 1988; Howard et al. 
2000), which could not be carried out in this study that 
only allowed a follow-up of the cohort individuals up 
to maximally age 31. The limitations also include the 
unavailability of data on the variable maternal weight 
during pregnancy, which may be a risk factor for both 
T1DM and schizophrenia or schizoaffective disorder 
(Hidayat et al. 2019; Khandaker et al. 2012; MacKay et 
al. 2017). However, it is unlikely that this variable can 
explain the associations found, as the sibling cohort-
analysis, although it had a low power because only 

siblings disconcordant for the outcome contributed, 
seemed to show a similar result to the cohort-analysis 
itself in this study.

In conclusion, this study shows that having T1DM 
is associated with a decreased risk specifically of devel-
oping schizophrenia, but not of developing its related 
schizoaffective disorder. Whether it is the T1DM per se, 
or the insulin therapy that is used continuously for the 
treatment of T1DM, or a combination of both, which 
can explain this inverse association remains however 
still elusive.
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