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Introduction Type 1 diabetes mellitus (T1DM)
is an organ-specific autoimmune disease char-
acterized by the destruction of pancreatic islet
B cells and absolute insulin deficiency. Epide-
miologic data indicate a significant increase in
the incidence of TIDM." The DCCT/EDIC (Dia-
betes Control and Complications Trial/ Epidemi-
ology of Diabetes Interventions and Complica-
tions) study? showed that, in contrast with the
conventional treatment method, the use of in-
tensive insulin therapy is associated with low-
er glycated hemoglobin (HbA, ) concentrations
and reduced risk for the development and pro-
gression of chronic TIDM complications. Since
1993, intensive insulin therapy has been the gold
standard of care in individuals with TIDM and
patient education has become an integral part
of diabetes treatment. Based on this assump-
tion, the Poznan Prospective Study (PoProStu)
was constructed. This was a long-term prospec-
tive analysis in which, unlike in the DCCT study
(where insulin dose adjustment was performed
based on recent blood glucose readings), the par-
ticipants were treated with intensive functional
insulin therapy from the very beginning. All hos-
pitalized patients with newly diagnosed T1IDM
participated in a 5-day structured training pro-
gram during which they learned how to admin-
ister multiple daily insulin injections and adapt
short-acting insulin doses before main meals ac-
cording to glycemia, carbohydrate content, and
planned physical activity.®

One of the goals of metabolic control of TIDM
is to achieve optimal HbA,_levels while avoiding
hypoglycemia. Many patients, both children and
adults, especially those with a long-term histo-
ry of TIDM, do not achieve the target HbA, val-
ues. Proper glycemic control is a chance to avoid
short and long-term complications of TIDM.**

Cardiovascular events are the leading cause of
death among patients with T1IDM,® but micro-
vascular complications are a significant cause of
blindness, renal failure, amputations, and pre-
mature death.’

Our study aimed to assess the metabolic con-
trol, presence of chronic complications, and mor-
tality in patients with T1IDM after 25 years of the
disease duration.

Patients and methods Patients A total of 71 par-
ticipants of the PoProStu study (median [inter-
quartile range, IQR] age, 47 [43-51] years) were
included in the current analysis. The patients were
recruited to the study in the years 1994 to 1998.
They remain under constant observation and
are regularly assessed for metabolic control and
chronic complications.® All patients have been
treated with intensive insulin therapy. The current
analysis concerns the participants with a disease
duration of 25 years. Initially, 100 patients were
recruited to the study. During the follow-up, 5 in-
dividuals died, 9 resigned from participation in
the study, and 15 could not be contacted 25 years
since the enrollment.® At the time of inclusion in
the study, all patients signed a consent to partici-
pate. The study was approved by the local bioeth-
ics committee (823/21). The study is registered
on the ClinicalTrials.gov website (NCT01411033).

Anthropometric data, medical history, and labora-
tory tests The diabetes treatment, presence of
complications and comorbidities, use of other
medications, and lifestyle behaviors were self-
-reported using a questionnaire. Weight, height,
body mass index (BMI), waist and hip circum-
ferences, and waist-to-hip ratio (WHR) were as-
sessed. BMI (kg/m?) was calculated using height
and weight measurements performed during
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outpatient visits. Blood pressure was measured
with a sphygmomanometer. Ten milliliters of
blood and a morning urine sample were collect-
ed from all participants. Laboratory tests were
performed on the Cobas 6000 device (Roche Di-
agnostic, Basel, Switzerland). The level of HbA
was determined in whole blood by turbidimetry.
Serum levels of other parameters were assessed.
The enzymatic-colorimetric method was used to
determine the concentration of total cholesterol
(TO), triglycerides, and high-density lipoprotein
cholesterol (HDL-C). The level of low-density li-
poprotein cholesterol (LDL-C) was calculated us-
ing the Friedewald formula.'’ The alanine ami-
notransferase, aspartate aminotransferase, and
y-glutamyl transpeptidase concentration assess-
ments were performed using the kinetic meth-
od (according to the International Federation of
Clinical Chemistry). The level of creatinine was
determined by the Jaffe method and estimated
glomerular filtration rate (eGFR) was calculat-
ed using the Chronic Kidney Disease Epidemi-
ology Collaboration equation.!" The albumin-
-to-creatinine ratio was calculated based on the
data obtained in direct measurements. The lev-
el of C-reactive protein was measured by immu-
noturbidimetry, and that of thyroid stimulating
hormone, by electrochemiluminescence. The dai-
ly dose of insulin was defined as the requirement
for insulin per kilogram of body weight per day.
The degree of accumulation of advanced glyca-
tion end-products of proteins in the skin was as-
sessed using the fluorescent properties of the tis-
sue and expressed as the autofluorescence ratio
(AGE-Reader, DiagnOptics, Groningen, the Neth-
erlands).'? The fat tissue content was assessed
using the electrical bioimpedance method, with
the Body Composition Analyzer Tanita BC-418
MA device (Tanita Corporation, Tokyo, Japan).

Assessment of chronic complications Diabetic ret-
inopathy was diagnosed during an ophthalmo-
logic examination. Fundus examinations were
performed using a slit lamp and a Volk lens for
indirect ophthalmoscopy. Additionally, the fun-
dus examination in each patient involved fundus
photography (2-field 60 degrees) with a TOPCON
digital camera (Topcon Corporation, Tokyo, Ja-
pan). Diabetic retinopathy was graded according
to the American Academy of Ophthalmology clas-
sification as no retinopathy, mild nonproliferative,
moderate nonproliferative, severe nonprolifera-
tive, and proliferative retinopathy."®

Diabetic kidney disease was assessed and
graded based on preexisting renal impair-
ment, creatinine concentration, eGFR value,
and albumin-to-creatinine ratio. The albumin-
-to-creatinine ratio lower than 30 mg/g in
the morning urine sample was considered nor-
mal albuminuria or slightly increased albumin-
uria (Al), while the albumin-to-creatinine ratio
of 30 to 300 mg/g was interpreted as moderate-
ly increased albuminuria (A2). Overt protein-
uria was diagnosed as the albumin-to-creatinine
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ratio greater than 300 mg/g (A3). The diagno-
sis of increased urinary albumin excretion was
based on 2 positive albumin-to-creatinine ra-
tio results. Diabetic kidney disease was classified
into stages based on the result of the eGFR mea-
surement (stage 1, eGFR 290 ml/min/1.73 m?
stage 2, eGFR 60-89 ml/min/1.73 m?
stage 3, eGFR 30-59 ml/min/1.73 m?%
stage 4, eGFR 15-29 ml/min/1.73 m? stage 5,
eGFR <15 ml/min/1.73 m?).

The presence of peripheral neuropathy was as-
sessed based on the medical history and physical
examination (sensation of touch with a monofil-
ament weighing 10 g, sensation of vibration with
a neurotensiometer and a tuning fork with a vi-
bration scale of 128 Hz, sensation of tempera-
ture, sensation of pain with a pin, and knee and
ankle reflexes). Diabetic peripheral neuropathy
was diagnosed based on the presence of 2 out of
3 of the following clinical findings: clinical symp-
toms, decreased or absent sensation (touch, vi-
bration, pain, and/ or temperature), and/ or de-
creased or absent tendon reflexes.!

The diagnosis of cardiac autonomic neuropa-
thy was based on the measurement of heart rate
variability using the Cardiosys Extra system (MDE
GmbH, Puchheim, Germany). The test consists
in assessing heart rate variability under the in-
fluence of specific standardized stimuli (deep
breathing test, Valsalva test, test in the supine
position combined with an orthostatic test, hand-
grip strength test). Based on the obtained data,
the patient was assigned to the group with car-
diac autonomic neuropathy when abnormalities
were observed in 2 or more heart rate variabil-
ity tests (confirmed neuropathy). A positive re-
sult on the orthostatic test qualified the patient
to the group with severe autonomic neuropathy
of the cardiovascular system.'®

Macroangiopathy was assessed based on a his-
tory of cardiovascular diseases (ischemic stroke,
myocardial infarction, atherosclerosis of the low-
er limbs, heart failure, cardiovascular death, ath-
erosclerosis of the carotid arteries). The intima-
-media thickness of the right common carotid ar-
tery (cIMT) was determined using the GE Vivid S6
ultrasound device (GE Healthcare, London, Unit-
ed Kingdom) with the 2.4- to 10-MHz linear array
probe. All carotid ultrasound examinations were
conducted by the same experienced cardiologist-
-investigator. In the arteries, longitudinal projec-
tion images were captured at 16 frames per sec-
ond for 5 seconds. cIMT of the far wall 1 cm prox-
imally from the bulb was calculated automatical-
ly with the Carotid Analyzer for Research (CAD
5) program (Medical Imaging Applications LLC.,
Coralville, Iowa, United States). The result was
the average of 100 automated computed mea-
surements with high accuracy of up to 0.01 mm.

The IMT of 1.5 mm or more indicated the pres-
ence of atherosclerotic plaques equivalent to
macroangiopathy.'®

Cardiovascular risk was assessed in the study
group according to the European Society of



TABLE 1
type 1 diabetes mellitus

Characteristics of the study group (n = 71) 25 years after the diagnosis of

Parameter Value

Sex Women 27 (38)

Men 44 (62)
Duration of diabetes, y 25 (24-26)
Daily dose of insulin, U/kg body weight/day 0.61(0.5-0.72)
Smoking 18 (25)
Hypertension 34 (48)
Hypothyroidism 14 (20)
Body weight, kg 82 (70.3-94.6)
Fat tissue content, % 24.4 (19.5-31.3)
Fat tissue content above the reference value 33 (46)
BMI, kg/m? 26.4 (23-30)
Waist circumference, cm 91 (86-105)
Hip circumference, cm 103 (99.5-110)
WHR 0.9 (0.8-1)

HbA,_ at the 25-year follow-up, %; mmol/mol

7.9 (7.3-8.6); 63 (56-70)

HbA, (entire observation period), %; mmol/mol

8.0 (7.2-8.8); 64 (55-73)

HbA, -SD (entire observation period)

1.41(1.32-1.52)

HbA, -CV (entire observation period)

0.18 (0.16-0.19)

CRP, mg/I

1.45(0.61-2.71)

Total cholesterol, mmol/l; mg/dl

4.97 (4.33-5.38);
192 (167-207.8)

Triglycerides, mmol/l; mg/dl

1.02 (0.78-1.35);
90.5 (68.9-119.5)

LDL-C, mmol/l; mg/dl

2.69 (2.14-3.25);
104 (82.6-125.3)

HDL-C, mmol/l; mg/dl

1.74 (1.42-1.94);
67 (55-75)

Non-HDL-C, mmol/I; mg/dl

3.13(2.54-3.91);
121 (98-150.8)

ALT, U/l 16 (13-22.8)
AST, U/ 18 (15.3-22)
GGTP, U/l 18 (14-26.3)
TSH, plU/ml 1.93 (1.38-2.65)

Creatinine, mg/dl

0.88 (0.76-0.99)

eGFR, ml/min/1.73 m?

97 (84.5-104)

AF ratio, AU

2.6 (2.3-3.03)

Data are presented as median (interquartile range) or number (percentage).

Sl conversion factors: to convert ALT, AST, and GGTP to pkat/l, multiply by 0.0167;

creatinine to pmol/l, by 88.4.

Abbreviations: AF, autofluorescence; ALT, alanine aminotransferase; AST, aspartate
aminotransferase; BMI, body mass index; CRP, C-reactive protein; CV, coefficient of
variation, eGFR, estimated glomerular filtration rate; GGTP, y-glutamyl transpeptidase;

HbA

1c!

glycated hemoglobin; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-

-density lipoprotein cholesterol; TSH, thyroid-stimulating hormone; WHR, waist-to-hip

ratio

Cardiology recommendations.'” We classified
patients as at a very high cardiovascular risk if
they had known cardiovascular disease (CVD) or
other end-organ damage (proteinuria, renal im-
pairment defined as eGFR <30 ml/min/1.73 m?,
left ventricular hypertrophy, or retinopathy) or
the presence of at least 3 major risk factors (age,
hypertension, dyslipidemia, smoking, obesity) or

T1DM with early onset and long duration (>20
years). High cardiovascular risk was defined as di-
abetes with a duration of 10 years or more, with-
out end-organ damage, with any other addition-
al risk factor.

Statistical analysis Descriptive statistics were cal-
culated using MedCalc 20.115 (MedCalc Software
Ltd., Ostend, Belgium). Compliance of the inter-
val data distribution with the normal distribution
was assessed using the Kolmogorov—-Smirnov
test. Most of the data were not normally distrib-
uted. Quantitative continuous data are present-
ed as median with IQR. Categorical variables are
presented as the number of cases and percentage.

Results The characteristics of patients 25 years
after the diagnosis of TIDM are presented in
TABLE 1. At the 25-year follow-up, the median
(IQR) HbA,_ value was 63 (56-70) mmol/mol
(7.9% [7.3%-8.6%]). The percentage of pa-
tients with a HbA,_level lower than or equal
to 48 mmol/mol (£6.5%) was 10%, and of
those with a HbA,_level lower than or equal to
53 mmol/mol (£7%) was 18%. The median (IQR)
serum level of LDL-C was 2.69 (2.14-3.25) mmol/l;
non-HDL-C, 3.13 (2.54-3.91) mmol/l;
HDL-C, 1.74 (1.42-1.94) mmol/l; TC, 4.97
(4.33-5.38) mmol/]; and triglycerides, 1.02
(0.78-1.35) mmol/l. A total of 4 participants (6%)
reached their LDL-C target. Only 2 participants
(3%) met all the criteria of metabolic control in
terms of target HbA , LDL-C, and blood pres-
sure values. Due to previously diagnosed dyslipid-
emia, 15 patients (21%) reported taking a statin.
The median (IQR) systolic blood pressure was 135
(123.3-147) mm Hg, and the median (IQR) dia-
stolic blood pressure was 82 (77.3-90) mm Hg.
Thirty-four patients (48%) had been previously
diagnosed with hypertension, and 33 individuals
(47%) were treated with angiotensin-converting
enzyme inhibitors. There were 18 smokers in
the study group (25%). Acetylsalicylic acid was
taken by 5 patients (7%). Diabetic retinopathy
was diagnosed in 23 individuals (33%) (including
17 cases of nonproliferative and 6 cases of prolif-
erative retinopathy), diabetic kidney disease in
25 (35%) (stage 1, 12 participants [17%)]; stage 2,
7 participants [10%]; stage 3, 2 participants [3%];
stage 4, 3 participants [4%]; stage 5, 1 partici-
pant [1%)]), peripheral neuropathy in 25 (35%),
cardiac autonomic neuropathy in 16 (23%) (in-
cluding 7 cases of severe cardiac autonomic neu-
ropathy), diabetic foot syndrome in 3 (4%), and
macroangiopathy in 17 patients (24%) (includ-
ing 4 cases with myocardial infarction and 2 cases
with a history of ischemic stroke). The presence
of atherosclerotic plaque in the carotid arteries
was found in 13 patients (18%), while the median
(IQR) cIMT was 0.74 (0.64-0.85) mm. A total of
25 patients (35%) did not develop any TIDM-re-
lated complications. The cardiovascular risk was
assessed as high in 18 patients (25%), and very
high in 53 individuals (75%).
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Discussion Our study showed the metabolic sta-
tus of the patients and the rate of TIDM compli-
cations 25 years after the diagnosis of the disease.
We revealed that most patients did not achieve
the target LDL-C and HbA, _values, which are im-
portant parameters associated with the risk of de-
veloping chronic complications.

Bain et al'® evaluated the outcomes of indi-
viduals with TIDM after 50 years of the disease.
The patients were treated with various models of
insulin therapy (nearly 20% of them used multi-
ple insulin injections). The HbA, _level was similar
to that noted in our study, while none of the pa-
tients reached the target HbA,_level. The authors
reported high levels of HDL-C and TC but did
not specify the values of LDL-C or blood pres-
sure. However, fewer patients were treated for
hypertension, as compared with our study group,
whereas more patients developed severe retinop-
athy (as many as 43% of the patients underwent
laser therapy) and macroangiopathy. A similar
proportion of patients developed diabetic kid-
ney disease. The study showed that a long histo-
ry of TIDM is conducive to a higher incidence of
certain complications of the disease.'®

Our study included more smokers than
the DCCT/EDIC cohort after 30 years of inten-
sive insulin therapy (25% vs 11%)."® Our patients
had lower BMI (26.4 vs 29 kg/m?), higher systol-
ic blood pressure (135 vs 121 mm Hg), and high-
er diastolic blood pressure (82 vs 70 mm Hg).
Fewer patients in our study group were diag-
nosed with hypertension (48% vs 68%). The lev-
els of LDL-C and HDL-C were similar in both
studies (104 vs 98 mg/dl and 67 vs 63 mg/dl,
respectively); however, our patients had high-
er levels of TC (192 vs 177 mg/dl) and triglyc-
erides (90.5 vs 82 mg/dl). The HbA, levels were
similar in both groups (7.9% vs 8%). Our pa-
tients were notably less often treated with statins
(21% vs 56%), and cardiovascular events were
less frequent in our group (8.5% vs 11.5%). In
the DCCT/EDIC study cohort, 13% of patients
had microalbuminuria and 5% had macroalbu-
minuria. Comparing the patients included in
the PoProStu and DCCT/EDIC studies, it can be
concluded that metabolic control, as reflected by
HbA, and LDL-C levels, was not optimal in ei-
ther group, while the DCCT/EDIC patients were
characterized by better blood pressure control.'®

Nathan et al?’ compared the outcomes of
patients after 30 years of T1DM included in
the DCCT/EDIC study with the results of their
Pittsburgh Epidemiology of Diabetes Compli-
cations (EDC) experience. The HbA, levels in
the EDC study were comparable to the HbA,
values of conventionally treated patients in-
cluded in the DCCT study. This was probably
due to the similar method of treatment in both
groups of patients. After a few years, there was
a decrease in the HbA, values in EDC patients,
which resulted from a change in the treatment
method to intensive insulin therapy, similarly to
the DCCT study. In the conventional DCCT/EDIC
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group, the incidence of proliferative retinopathy
was 50%, of diabetic kidney disease 25%, and of
CVD 14%. Similar results were obtained by the re-
searchers in the EDC study, with 47%, 17%, and
14% of cases of each complication, respective-
ly. In contrast, in the group treated with inten-
sive insulin therapy from the onset of TIDM,
the incidence of these complications was sig-
nificantly lower (21%, 9%, and 9% for prolifer-
ative retinopathy, diabetic kidney disease, and
CVD, respectively). In the DCCT/EDIC study, 1%
of the conventional treatment group and 1% of
the intensive treatment group had amputations.
In the EDC study, 2% of patients required am-
putations. In comparison with the above data,
the patients included in the PoProStu study had
a lower incidence of proliferative retinopathy
and CVD, but a higher incidence of diabetic kid-
ney disease.

The main limitation of our study was the inabil-
ity to assess the parameters of metabolic control
and the presence of chronic complications after
25 years of TIDM duration in all patients origi-
nally recruited to the PoProStu study. The follow-
-up assessment took place during the COVID-19
pandemic, which resulted in patients’ reluctance
to contact health care professionals due to fear of
infection. Fifteen patients were lost to follow-up
due to the lack of contact. At the same time, giv-
en the circumstances, we believe that the num-
ber of individuals included in the final analysis
was still satisfactory.

In summary, despite the progress in the avail-
able treatment of diabetes, 25 years after the di-
agnosis of TIDM every fifth patient achieved
the general goal of glycemic control, few patients
met all the criteria of metabolic control, and ev-
ery third patient experienced chronic complica-
tions of the disease. Above all, the results indi-
cate the need to intensify the treatment in pa-
tients with long-term diabetes and to identify
the factors conducive to the failure of the therapy.
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