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Context: Patients with type 1 diabetes mellitus (T1DM) have an increased risk of Addison disease
(AD) development, but prediction of those at risk is not possible.

Objective: To determine whether there are early clinical indicators that may denote the devel-
opment of AD in adults with T1DM.

Design: Observational, matched-cohort study.

Setting: Patient data from Swedish national registries [National Diabetes Register (NDR), Inpatient
Register, and Prescription Drug Register].

Participants: All patients with T1DM diagnosed with concomitant AD (n = 66) among the 36,514
adult patients with T1DM in the NDR between 1998 and 2013. Each case was matched to five
controls with T1DM alone (n = 330).

Main Outcome Measures: Clinical data and drug prescriptions were assessed prior to baseline
(inclusion into the study) and prior to AD diagnosis. Analysis of covariance and estimated group
proportions were used for comparisons.

Results: Prior to baseline, cases had a higher frequency of thyroid/antithyroid drug prescription
than controls (9.1% vs 1.8%). Prior to AD diagnosis, cases had higher frequencies of diabetic
retinopathy (12.1% vs 2.1%), infections requiring hospital admission (16.7% vs 2.1%), thyroid/
antithyroid drug prescription (28.8% vs 7.0%), and glucagon prescription (18.2% vs 6.4%). There
was no difference in glycated Hb between the groups prior to baseline or prior to AD diagnosis.

Conclusions: These data suggest that medical treatment of thyroid disease, a severe infection, and
glucagon prescription for severe hypoglycemia should raise the suspicion of AD development in
adults with T1DM. Development of diabetic retinopathy might also be associated with gluco-
corticoid deficiency and the development of AD among patients with T1DM. (J Clin Endocrinol
Metab 104: 1148–1157, 2019)
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Despite advances in diabetes care, type 1 diabetes
mellitus (T1DM) is still associated with premature

death and shortened life span (1). A nationwide Swedish
study has shown amore than twofold higher risk of death
(mainly from cardiovascular diseases) in patients with
on-target glycemic control and an eightfold higher risk of
death in patients with poor glycemic control compared
with the general population (2). Life span is reduced by
;16 years among patients with T1DM who developed
the disease in childhood (1).

Addison disease (AD) is a rare disease that also results
in premature death with a twofold increased risk despite
diagnosis and treatment (3, 4). When undiagnosed or
untreated, AD leads to certain death (5). In contrast to
T1DM, data are rather scarce on how both morbidity and
mortality can be ameliorated in patients with AD.

Patients with an autoimmune disorder, such as T1DM,
are at increased risk of developing another autoimmune
disease, such as AD, autoimmune thyroid disease, celiac
disease, pernicious anemia, or rheumatoid disease (6).
Moreover, autoimmune AD can be one component of
autoimmune polyendocrine syndrome type 2 when it
occurs in combination with T1DM, autoimmune thyroid
disease, or both (7). The combination of concomitant
T1DM and AD is rare (8–10) and is associated with a
more than fourfold higher risk of premature death com-
pared with patients with T1DM alone (11). As the risk of
developing AD among patients with T1DM is .10 times
higher than in the general population (10), awareness of
this risk is of utmost importance among physicians who
manage patients with T1DM.

Autoimmune AD is often characterized by an insidious
onset leading to overt disease after a varying period of time
(7). In the natural history of AD, there is an individual
underlying genetic susceptibility followed by unknown
triggering factors (immune and/or environmental) that
lead to autoimmune destruction of the adrenal cortex
with a gradual deterioration of adrenal function (12). AD
diagnosis is often delayed because of its nonspecific signs
and symptoms (13). Early detection and treatment is life
saving in AD, and an early indication of the disease would
therefore be of great value. Increased prescription of
gastrointestinal, antianemic, thyroid, and lipid-modifying
drugs as well as corticosteroids and systemic antibiotics
have been reported prior to AD diagnosis in one study
(14) and low serum sodium and elevated serum thyroid-
stimulating hormone in another study (15).

Our hypothesis was that there are specific clinical
events or signs, including altered drug use, that can be used
as earlywarning signs for the insidious development ofAD
in patients with T1DM. We performed a nationwide,
observational, matched-cohort study to determine such

prodromal events or signs for the development of AD
in patients with T1DM using the detailed clinical in-
formation provided by the Swedish National Diabetes
Register (NDR) combined with the Swedish Prescribed
Drug Register and other Swedish national databases.

Methods

Study design
We conducted a nationwide, observational, matched-cohort

study between 1998 and 2013 using data from national health
and administrative registries with almost complete coverage
in Sweden: NDR, National Inpatient Register, Prescribed Drug
Register, Cancer Register, Cause of Death Register, and Lon-
gitudinal Integration Database for Health Insurance and Labor
Market Studies. Data were linked between the registries by a
unique national personal identification number. The NDR is
estimated to include 97% of all Swedish patients with T1DM
aged $18 years (16) and is a quality register to which de-
tailed clinical information [e.g., glycated Hb (HbA1c), blood
pressure, medications, risk factors, and diabetic complications]
have been reported since 1996 for adult patients with T1DM.
Each patient provides informed consent for inclusion in the
register. The Swedish National Inpatient Register has data on
all inpatient admissions (e.g., comorbidities and outcomes)
in Sweden since 1987, is mandatory for all physicians (private
and publicly funded), and is continuously validated (17,
18). The Swedish Prescription Drug Register gathers infor-
mation about all drugs [classified according to the Ana-
tomical Therapeutic Chemical (ATC) classification system]
dispensed by prescription to the entire Swedish population (e.g.,
dispensed quantity, dosage, and expenditure) since 1 July
2005 (19).

The study was approved by the Regional Ethical Review
Board in Gothenburg, Sweden (diary numbers 563-12 and 776-
14). The research complied with the Declaration of Helsinki.

Study population
We included all adults with T1DM registered in the NDR

between 1 January 1998 and 31 December 2012 in the study
(Fig. 1). Among them, we identified patients with AD regis-
tered in the Swedish National Inpatient Register until 31
December 2013. All patients with an AD diagnosis preceding
the T1DM diagnosis were excluded. Patients with T1DM and
AD in the NDR (cases) were thenmatched to 5 control subjects
with T1DM alone, also registered in the NDR among a
population of 36,514 patients. Matching was based on age,
sex, duration of T1DM, and calendar year when included in
the study. All patients (cases or control subjects) with T1DM
with or without AD deceased before 31 December 2013 were
censored. Finally, in a subanalysis, cases with T1DM and AD
were followed for up to 2 years after AD diagnosis (until 31
December 2015).

The primary outcome of the study was AD. All outcomes
were identified using the codes of the International Classifi-
cation of Diseases, Ninth Revision (ICD-9) for years 1987 to
1996 and for ICD-10 for years 1997 to 2015. The codes used
to identify AD diagnosis in the Swedish National Inpatient
Register were ICD-9 code 255.4 and ICD-10 codes E27.1 and/
or E27.2. Our search criteria for AD in the Swedish National

doi: 10.1210/jc.2018-02064 https://academic.oup.com/jcem 1149

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article-abstract/104/4/1148/5193469 by Endocrine Society M
em

ber Access 3 user on 12 April 2019

http://dx.doi.org/10.1210/jc.2018-02064
https://academic.oup.com/jcem


Inpatient Register have been previously validated and shown
to have a diagnostic performance of 94% (3). Patients with
endogenous Cushing syndrome and/or any disorders of the
pituitary gland were excluded. Details on all ICD-9 and ICD-
10 codes used in this study are presented in a previous article
by our group (11). For T1DM, we used the clinical classifi-
cation, which is the diagnosis attributed to the patients by the
physicians who reported them to the NDR.

Data on cases and control subjects at baseline were then
linked to the other Swedish national registries to retrieve
demographic, clinical, and drug prescription data prior to
baseline and 2 years prior to AD diagnosis (Fig. 1). Differences
in clinical data or drug prescription between cases and control
subjects prior to AD diagnosis could help to identify early
indicators of AD. In addition, for the cases with T1DM and
AD, data were also retrieved for the 2-year period after AD
diagnosis with the aim of finding changes after the diagnosis
and the initiation of glucocorticoid treatment. We assessed the
available data closest to each event (baseline, AD diagnosis,
and 2 years after AD diagnosis) for each study period. In the
analysis of drug prescription, we present the data available in
the Swedish Prescription Drug Register between 1 July 2005
and 30 April 2015 in cases and until 31 December 2013 in
control subjects. Because of the nature of the two studied
diseases and that their complications and/or comorbidities
may be recurrent, we studied for each period the reported
values of numerical variables or the presence (or not) of
categorical variables (e.g., comorbidities) independently of
their previous presence.

Outcomes
The outcomes studied were categorized as: 1) clinical

data registered in the NDR (e.g., HbA1c, blood pressure,
medications, risk factors, and diabetic complications); 2)
comorbidities including other autoimmune diseases, hypo-
glycemia, infections requiring hospital admission, and adrenal
crisis registered in the Swedish National Inpatient Register or

Cancer Register; and 3) drug prescription patterns from the
Swedish Prescribed Drug Register. As the NDR includes in-
formation on antihypertensive drugs before the start of the
Swedish Prescription Drug Register on 1 July 2005, we de-
cided to use the NDR data on antihypertensive drugs for the
first two study periods. A validation analysis of this decision
showed a high proportion of missing data concerning pre-
scription of antihypertensive drugs registered in the Swedish
Prescribed Drug Register: 79% among both cases and control
subjects prior to baseline and 23% and 38% among cases and
control subjects prior to AD diagnosis, respectively.

Statistical analysis
Baseline was defined as the first registration in the NDR for

each case (patient with T1DMwho developed AD) and for each
control subject (with T1DM alone). At baseline, in the pro-
pensity score matching procedure based on logistic regression,
control subjects with T1DM were matched 5:1 to the cases
without replacement based on the following covariates: age,
sex, duration of T1DM, and calendar year for study inclusion.
The performance of the matching procedure was evaluated by
descriptive statistics and graphics by comparing the distribu-
tions of the cases and control groups. To find comparable
measurements for the control subjects with T1DM2 years prior
to AD diagnosis, the following procedure was used: for each
patient with AD, the time from baseline to AD diagnosis was
derived and then used for its corresponding five control subjects
with T1DM to find the nearest value of each variable. For
example, if the time from baseline to AD diagnosis for a given
patient was 4 years, then the observations used for its corre-
sponding five control subjects with T1DM were the measure-
ments as close as possible to 4 years from their baseline.

At baseline, cases were compared with control subjects by
descriptive statistics. For the first two study periods, difference
in adjusted means (6 SD) and its corresponding 95% CI were
estimated by analysis of covariance using age, sex, diabetes
duration, and calendar year as covariates. For the follow-up of

Figure 1. Study flow chart. Baseline was the time point when cases and control subjects were included in the study (first registration of cases in
the NDR). AD diagnosis was the time point when cases were registered with this diagnosis in the Swedish National Inpatient Register (SNIR).
Clinical data and drug prescription patterns were assessed prior to baseline and prior to AD (within 2 y).
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cases in the last two study periods, difference in means (6 SD)
and its corresponding 95% CI were estimated. Difference in
group proportions and its corresponding 95% CI for binary
variables were also estimated. To determine the contribution of
different variables in the prediction of AD in patients with
T1DM, we performed a logistic regression analysis including the
following variables: age, sex, body mass index, smoking, systolic
blood pressure, antihypertensive treatment (NDR data), treat-
ment with lipid-modifying drugs (NDR data), nonspecific di-
abetic complications, and autoimmune thyroid disease. For the
cases prior to and after AD diagnosis, the paired t test was used
for continuous variables. Variables with missing values in.20%
of study subjects were excluded from the analyses.

Results

Prior to baseline
A total of 66 patients (39 men and 27 women) were

diagnosed with AD among 36,514 patients with T1DM

between 1998 and 2013. The patients with AD were
matched to 330 control subjects (197 men and 133
women) with T1DM. Adjusted mean age at baseline was
35.16 7.0 years for cases and 35.36 7.1 years for control
subjects (Table 1). Baseline adjusted mean HbA1c was
similar among cases and control subjects: 686 15mmol/mol
or 8.4% in those that developedADand666 15mmol/mol
or 8.2% in control subjects. There were no differences
between the groups in the frequency of the various diabetic
complications, celiac disease, rheumatoid diseases, and
infections requiring hospital admission. A trend toward
increased frequency of infections requiring hospital ad-
mission was observed in cases (24.2% vs 14.8%). Drug
prescription patterns were available in 52 of 66 cases and
in 261 of 330 control subjects. Frequency of thyroid and/or
antithyroid drug prescription was higher in cases than in
control subjects (9.1% vs 1.8%).

Table 1. Baseline Characteristics in Patients With T1DM Who Developed AD and Matched Control Subjects
With T1DM Alone

Variable

Cases (T1DM Who
Developed AD)

(n = 66)

Control Subjects
With T1DM
(n = 330)

Cases vs Controls:
Difference in

Adjusted Means or
Percentage (95% CI)

P Value for
Difference
in Adjusted

Means

Demographics (NDR data)
Male, n (%) 39 (59.1) 197 (59.7) 0.61% (212.4% to 13.6%)
Age, y (SD) 35.1 (7.0) 35.3 (7.1) 20.1 (22.0 to 1.7) 0.90
Diabetes duration, y (SD) 21.8 (7.1) 21.1 (7.1) 0.8 (21.1 to 2.6) 0.43
Smokers, n (%) 7 (10.6) 38 (11.5) 20.9% (29.1% to 7.3%)

Measurements (NDR data)
Systolic blood pressure, mm Hg (SD) 126.7 (13.2) 127.2 (13.2) 20.5 (24.2 to 3.1) 0.77
Diastolic blood pressure, mm Hg (SD) 76.6 (9.0) 73.9 (9.0) 2.7 (0.2 to 5.2) 0.03
HbA1c, mmol/mol (SD) 68 (15) 66 (15) 1.5 (22.5 to 5.5) 0.46
HbA1c, % 8.4 8.2
Body mass index, kg/m2 (SD) 23.9 (3.4) 24.6 (3.5) 20.7 (21.6 to 0.3) 0.19

History of diabetic complications (SNIR and
NDR data)

Albuminuria (micro- and/or
macroalbuminuria), n (%)

9 (13.6) 58 (17.6) 23.9% (213.2% to 5.3%)

Retinopathy, n (%) 15 (22.7) 45 (13.6) 9.1% (21.7% to 19.9%)
Neuropathy, n (%) 4 (6.1) 20 (6.1) 0.0% (26.3% to 6.3%)
Angiopathy, n (%) 3 (4.5) 12 (3.6) 0.9% (24.5% to 6.3%)
Diabetic foot, n (%) 0 0
Multiple complications, n (%) 3 (4.5) 15 (4.5) 0.0% (25.5% to 5.5%)
Hypoglycemia requiring hospital admission,
n (%)

8 (12.1) 32 (9.7) 2.4% (26.1% to 10.9%)

History of autoimmune comorbidities
(SNIR data)

Celiac disease, n (%) 1 (1.5) 1 (0.3) 1.2% (21.8% to 4.2%)
Rheumatoid disease (RA and/or SLE), n (%) 2 (3.0) 1 (0.3) 2.7% (21.5% to 6.9%)

History of other comorbidities (SNIR data)
Infections requiring hospital admission,
n (%)

16 (24.2) 49 (14.8) 9.4% (21.6% to 20.4%)

Drug use (NDR data)
Antihypertensive drugs, n (%) 9 (13.6) 67 (20.3) 26.7% (216.0% to 2.7%)

Drug prescription (ATC-3)a

Thyroid and/or antithyroid drugs (H03A,
H03B), n (%)

6 (9.1) 6 (1.8) 7.3% (0.2% to 14.4%)

Abbreviations: RA, rheumatoid arthritis; SLE, systemic lupus erythematosus; SNIR, Swedish National Inpatient Register.
aDrug prescription data were available in 52 cases and 261 control subjects.
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Prior to AD diagnosis
Prior to AD diagnosis, cases had the same mean

HbA1c as control subjects: 656 14 mmol/mol and 8.1%
in both groups (Table 2). Within 2 years prior to AD
diagnosis, cases had a higher frequency of multiple di-
abetic complications (13.6% vs 4.8%), in particular
retinopathy (12.1% vs 2.1%), and a higher frequency
of infections requiring hospital admission (16.7% vs
2.1%) than control subjects. There were no differences
between the groups in the frequency of comorbidities,
such as coronary heart disease (acute myocardial infarct
included), congestive heart failure, stroke, and cancer

(data not shown). Data on drug prescription were
available in 51 out of 66 cases and 206 out of 330 control
subjects. There were higher frequencies in prescription
of thyroid and/or antithyroid drugs (28.8% vs 7.0%),
hypnotic, sedative, and/or antidepressant drugs (24.2%
vs 10.6%), and glucagon (18.2% vs 6.4%) in cases
compared with control subjects. Figure 2 shows the
frequencies of some clinical and drug prescription data in
cases and control subjects both prior to baseline (in-
clusion into the study) and prior to diagnosis of AD.

Logistic regression analysis showed an OR for auto-
immune thyroid disease at 4.40 (95% CI 1.02 to 19.00),

Table 2. Characteristics <2 Years Prior to AD Diagnosis in Patients With T1DM Who Developed AD and
Matched Control Subjects With T1DM Alone

Variable

Cases (T1DM Who
Developed AD)

(n = 66)

Control Subjects
With T1DM
(n = 330)

Cases vs Controls:
Difference in Adjusted
Means or Percentage

(95% CI)

P Value for
Difference
in Adjusted

Means

Demographics (NDR data)
Male, n (%) 39 (59.1) 197 (59.7) 0.6% (212.4% to 13.6%)
Age, y (SD) 40.8 (6.9) 40.9 (7.0) 20.1 (22.2 to 2.0) 0.90
Diabetes duration, y (SD) 27.6 (7.2) 26.6 (7.1) 0.91 (21.3 to 3.1) 0.41
Smokers, n (%) 2 (3.0) 21 (6.4) 23.3% (28.2% to 1.6%)

Measurements (NDR data)
Systolic blood pressure, mm Hg (SD) 121.1 (14.9) 126.0 (14.9) 24.9 (29.4 to 20.3) 0.04
Diastolic blood pressure, mm Hg (SD) 72.7 (9.0) 73.3 (9.0) 20.7 (23.4 to 2.1) 0.63
HbA1c, mmol/mol (SD) 65 (14) 65 (14) 0.5 (23.8 to 4.9) 0.80
HbA1c, % 8.1 8.1
Body mass index, kg/m2 (SD) 24.4 (3.7) 25.5 (3.8) 21.1 (22.2 to 0.1) 0.07

Diabetic complications (SNIR and NDR data)a

Albuminuria (micro- and/or
macroalbuminuria), n (%)

12 (18.2) 46 (13.9) 4.2% (25.8% to 14.3%)

Retinopathy, n (%) 8 (12.1) 7 (2.1) 10.0% (2.0% to 18.0%)
Neuropathy, n (%) 2 (3.0) 4 (1.2) 1.8% (22.5% to 6.1%)
Angiopathy, n (%) 2 (3.0) 7 (2.1) 0.9% (23.5% to 5.3%)
Diabetic foot, n (%) 1 (1.5) 0
Multiple complications, n (%) 9 (13.6) 16 (4.8) 8.8% (0.2% to 17.4%)
Hypoglycemia requiring hospital
admission, n (%)

6 (9.1) 7 (2.1) 7.0% (20.1% to 14.1%)

Autoimmune comorbidities (SNIR data)a

Celiac disease, n (%) 0 1 (0.3)
Rheumatoid disease (RA and/or SLE), n (%) 1 (1.5) 0

Other comorbidities (SNIR data)a

Infections requiring hospital admission,
n (%)

11 (16.7) 7 (2.1) 14.6% (5.4% to 23.7%)

Drug use (NDR data)a

Antihypertensive drugs, n (%) 19 (28.8) 81 (24.5) 4.2% (27.6% to 16.1%)
Drug prescription (ATC-3)a,b

Thyroid and/or antithyroid drugs (H03A
and H03B), n (%)

19 (28.8) 23 (7.0) 21.8% (10.6% to 33.1%)

Anticoagulant drugs (B01AA, B01AB,
B01AC, B01AE, or B01AF), n (%)

9 (13.6) 38 (11.5) 2.1% (26.9% to 11.1%)

Lipid-modifying drugs (C10), n (%) 15 (22.7) 60 (18.2) 4.6% (26.4% to 15.5%)
Hypnotic and/or sedative and/or
antidepressant drugs (N05C and
N06A), n (%)

16 (24.2) 35 (10.6) 13.6% (2.8% to 24.5%)

Glucagon (H04A), n (%) 12 (18.2) 21 (6.4) 11.8% (2.2% to 21.5%)

Abbreviations: RA, rheumatoid arthritis; SLE, systemic lupus erythematosus; SNIR, Swedish National Inpatient Register.
aThe values of numerical variables or the presence (or not) of categorical variables were independent from their previous presence (before the current
studied period).
bDrug prescription data were available in 51 cases and 206 control subjects.
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whereas the 95% CI of OR for all of the other variables
included the point estimate 1: OR for age, 1.02 (95% CI
0.99 to 1.05); sex, 0.83 (95%CI 0.43 to 1.63); bodymass
index, 0.93 (95% CI 0.84 to 1.04); smoking, 1.16 (95%
CI 0.40 to 3.31); systolic blood pressure, 1.01 (95% CI
0.98 to 1.03); antihypertensive treatment, 0.55 (95% CI
0.20 to 1.48); treatment with lipid-modifying drugs, 0.30
(95% CI 0.04 to 2.58); and nonspecific diabetic com-
plications, 1.93 (95% CI 0.82 to 4.55).

Prior to vs After AD diagnosis
The 66 patients with T1DM who developed AD were

followed for up to 2 years after their AD diagnosis.
Mean HbA1c did not differ over this time (mean change
0.7 mmol/mol; P = 0.67) (Table 3). The frequency of the
various diabetic complications, and autoimmune and
other comorbidities also remained unchanged. There
were no changes in the frequency of comorbidities such
as coronary heart disease (including acute myocardial
infarction), congestive heart failure, stroke, and cancer
over time (data not shown). Adrenal crisis was recorded
in two patients after the AD diagnosis. There were no
differences over time in the frequency of thyroid and/
or antithyroid agent (28.8% vs 33.3%), anticoagulant
(13.6% vs 21.2%), lipid-modifying drug (22.7% vs
33.3%), hypnotic, sedative, and/or antidepressant drug
(24.2% vs 30.3%), and glucagon (18.2% vs 16.7%)
prescription. There was a trend toward increased fre-
quency of antihypertensive drug prescription after the
AD diagnosis [30.3% vs 47.0%; difference 16.7% (95%
CI 24,2% to 37.5%)].

Drug prescription data after AD diagnosis were
available in 56 out of 66 cases with T1DM and AD; of
these, 52 received hydrocortisone, 3 prednisolone, and 2
cortisone acetate. Data on the prescription of the min-
eralocorticoid fludrocortisone were available in 55 of the
66 cases, of which 38 received fludrocortisone.

Discussion

Using population-based, nationwide, real-world data, we
followed adult patients with T1DM who developed AD
both prior to and after the diagnosis of AD. The primary
aim was to identify clinical patterns that might help in the
early identification of patients with T1DM at risk for
developing AD. We found that medical treatment of thy-
roid disease, occurrence of severe infections, prescription of
glucagon for hypoglycemia, and diabetic retinopathy were
more frequent among patients with T1DM who were
subsequently diagnosed with AD. In this study, our ob-
jective was to thoroughly and systematically study pro-
dromal or early clinical signs of AD in patients with T1DM.

Among patients with T1DM who developed AD, we
found that 29% and 33% received treatment with thy-
roid and/or antithyroid drugs prior to and after the

Figure 2. Frequencies of (A) prescription of thyroid/antithyroid
drugs, (B) diabetic retinopathy, (C) severe infections requiring
hospital admission, and (D) prescription of glucagon between
patients with T1DM + AD and T1DM alone prior to baseline
(inclusion into the study) and prior to AD diagnosis (within 2 y).
Difference (D) in frequencies between the groups and their
corresponding 95% CIs (in parentheses) are presented. *P , 0.05.
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diagnosis of AD, respectively. This is in line with a
previous Swedish study that reported that 38% of pa-
tients with AD also had concomitant T1DM and auto-
immune thyroid disease (14). Our study patients already
had, .2 years before they were diagnosed with AD, a
higher frequency of treatment of thyroid disease com-
pared with controls with T1DM alone. Consequently,
increased attention should be given to AD development
in patients with concomitant T1DM and autoimmune
thyroid disease.

The appearance of severe infections requiring hospital
admission in patients with T1DM may also alert the
physician concerning the possibility of AD development.
In our study population, there was an increased fre-
quency of such infections prior to AD diagnosis and a
trend .2 years before the diagnosis of AD. Previous
studies in patients with AD have shown a higher fre-
quency of infections, including those requiring hospital
admissions, or higher frequency of treatment with sys-
temic antibiotics (14, 20, 21). There are two possible
explanations for this observation: either this is an effect
of an increased vulnerability to infections in patients with
AD, as suggested in two previous studies (22, 23), or that

patients with concomitant T1DM have a lower threshold
for being admitted to hospital because of dysregulated
glycemic control during an infection. The latter expla-
nation is less likely due to the case-control design in our
study.

An unexpected finding prior to the AD diagnosis was
the higher frequency of diabetic retinopathy in patients
with T1DM who developed AD than in matched control
subjects. This finding might be related to underlying
systemic proinflammation or inflammation in patients
with AD (24), as there is increasing evidence that diabetic
retinopathy has an inflammatory background (25). It has
also been shown that longer diabetes duration and
poorer glycemic or blood pressure control are strongly
associated with diabetic retinopathy (26); however, there
was no difference in these parameters between cases and
control subjects in our study, indicating that the devel-
opment of AD per se is responsible for this increase.

Altered glucose metabolism and insulin-cortisol equi-
librium is a challenge when treating patients with
both T1DM and AD. It has been previously shown that
these patients require higher preprandial and basal in-
sulin doses but lower total daily insulin doses compared

Table 3. Comparison of Characteristics in Patients With T1DM and AD Prior to and After AD Diagnosis

T1DM and AD
Prior to AD
(n = 66)

T1DM and
AD After AD

(n = 66)

Post- vs Pre-AD:
Difference

in Means or in
Percentage (95% CI)

P Value
(Paired t Test)

Demographics (NDR data)
Age, y (SD) 42.1 (14.1) 42.6 (14.8)
Diabetes duration, y (SD) 28.7 (13.4) 30.0 (13.8)
Smokers, n (%) 2 (3.0) 3 (4.5) 1.5% (25.1% to 8.2%)

Measurements (NDR data)
Systolic blood pressure, mm Hg (SD) 121.4 (13.6) 125.7 (13.4) 4.3 (20.4 to 8.9) 0.07
Diastolic blood pressure, mm Hg (SD) 72.4 (8.5) 72.7 (9.6) 20.3 (23.1 to 2.4) 0.80
HbA1c, mmol/mol (SD) 65 (16) 64 (15) 0.7 (22.7 to 4.1) 0.67
HbA1c, % 8.1 8.0
Body mass index, kg/m2 (SD) 24.4 (4.8) 24.5 (4.4) 0.4 (20.3 to 1.0) 0.26

Diabetic complications (SNIR and NDR data)a

Albuminuria (micro- and/or macroalbuminuria),
n (%)

12 (18.2) 11 (16.7) 21.5% (215.8% to 12.7%)

Retinopathy, n (%) 8 (12.1) 10 (15.2) 3.0% (29.6% to 15.6%)
Neuropathy, n (%) 2 (3.0) 2 (3.0) 0.0% (25.9% to 5.9%)
Angiopathy, n (%) 2 (3.0) 5 (7.6) 4.6% (23.2% to 12.3%)
Diabetic foot, n (%) 1 (1.5) 1 (1.5) 0.0% (24.2% to 4.2%)
Multiple complications, n (%) 9 (13.6) 9 (13.6) 0.0% (212.6% to 12.6%)
Hypoglycemia requiring hospital admission,
n (%)

6 (9.1) 5 (7.6) 21.5% (211.4% to 8.3%)

Autoimmune comorbidities (SNIR data)a

Celiac disease, n (%) 0 2 (3)
Rheumatoid disease (RA and/or SLE), n (%) 1 (1.5) 2 (3.0) 1.5% (23.6% to 6.6%)

Other comorbidities (SNIR data)a

Infections requiring hospital admission, n (%) 11 (16.7) 12 (18.2) 1.5% (212.7% to 15.7%)
Adrenal crisis, n (%) 0 2 (3.0)

Abbreviations: RA, rheumatoid arthritis; SLE, systemic lupus erythematosus; SNIR, Swedish National Inpatient Register.
aThe values of numerical variables or the presence (or not) of categorical variables were independent from their previous presence (before the current
studied period).
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with patients with T1DM alone (27). Close to AD di-
agnosis, patients with T1DM in our study had a higher
frequency of glucagon prescription comparedwithmatched
control subjects with T1DM, suggesting a higher risk, or
incidence, of hypoglycemia. An increased risk of adrenal
crisis among patients with T1DM and AD compared
with patients with AD alone has been previously de-
scribed (28). However, we could not confirm this ob-
servation in our cohort.

Our study showed that the proportion of patients with
T1DM prescribed antihypertensive drugs increased after
they developed AD, suggesting increased cardiovascular
risk, compared with patients with T1DM alone. This
may indicate that the replacement regimen offered to
patients with AD promotes hypertension. This is in line
with previous findings that patients with AD have an
unfavorable cardiovascular risk profile (24). The rate of
fludrocortisone prescription in patients with T1DM and
ADwas lower than that reported from a national study of
all patients with AD in Sweden (29). We cannot explain
these data, but we can speculate that the increase in blood
pressure is a result of overreplacement with glucocorti-
coids and that the increased use of antihypertensive drugs
in our population might have been an obstacle to starting
mineralocorticoid replacement (30).

With respect to the different definitions of the terms
predictive factors (before development) and predisposing
factors (involved in pathogenesis), the higher frequency
of thyroid and/or antithyroid drug treatment in patients
with T1DM and AD, both at baseline and prior to AD
diagnosis, may be considered as both a predictive and
predisposing factor for the development of AD. The
higher proportion of severe infections requiring hospital
admission, diabetic retinopathy, and prescription of
glucagon in patients with T1DM and AD prior to AD
diagnosis might be considered as early indicators because
these factors do not seem to precede the development of
AD or to be involved in its pathogenesis. In a US study
with .1,000 patients with T1DM, in which medical
records were assessed by three epidemiologists, 4% of
patients died because of unknown/undetermined cause of
death (31). Among these patients, there might be patients
with undiagnosed AD who died during an adrenal crisis
and who might have had some prodromal signs of AD
prior to their death.

Prescription of hypnotic, sedative, and/or antide-
pressant drugs was higher in patients with T1DM before
they were diagnosed with AD compared with their
matched controls with T1DM, and this did not seem to
change after AD diagnosis. Therefore, our data confirm
previously reported drug prescription patterns in patients
with AD (14) and also observations in patients with AD
that they have increased anxiety, difficulties in coping

with emotional stress (14, 32, 33), and reduced quality of
sleep (34).

This study has several strengths. Firstly, all registries
included have high coverage, are being continuously
validated, and include data from a large number of pa-
tients seen in routine clinical practice. Secondly, our search
criteria in the Swedish National Inpatient Register have
previously shown a high validity (3). Merging data from
theNDR, the SwedishNational Inpatient Register, and the
Swedish Prescribed Drug Register led to a panoramic
approach in which detailed clinical data, diagnoses, and
drug prescriptions were available. Moreover, the study
design with careful matching of cases to control subjects
also increases the validity of the data. In particular, de-
tection and surveillance bias were reduced by using control
subjects also registered in the NDR.

Study limitations include the absence of drug pre-
scription data before July 2005, when the Swedish Pre-
scription Drug Register was launched. To be able to study
antihypertensive medications before that time point, we
used data on drug management in the NDR. Another
limitation to be aware of is that the time point of the actual
diagnostic test for AD, or any other test related to the
diagnosis of AD,was not available in the SwedishNational
Inpatient Register.

The risk of premature death because of adrenal crisis is
high for patients with AD and much higher if they also
have T1DM. Our study provides some early clinical
indicators in patients with T1DM that may predict or
denote the development of AD. The most important are
concomitant thyroid disease, glucagon prescription, and
infections requiring hospitalization. Another indicator of
incipient AD was the higher frequency of diabetic reti-
nopathy. We have therefore identified early clinical in-
dicators that should raise physician awareness and
trigger biochemical evaluation of AD among patients
with T1DM.
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