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Abstract

Aims

Type 2 diabetes is associated with cardiovascular complications. It is largely unknown which
patients have poor treatment response and high complication risk, biomarkers are studied for
this purpose. The aim of the study was to investigate the association between clinical factors
such as HbA1c, level of biomarkers (C-peptide, copeptin) at diagnosis and changes in HbAlc,
blood pressure or Body Mass Index (BMI) after five years.

Methods

Clinical data and blood samples from 460 newly diagnosed type 2 diabetes patients from the
Skaraborg diabetes register (SDR) at diagnosis and after 5 years and were analyzed with
linear and logistic regressions.

Results

High BMI at diagnosis and smoking were associated with less reduction of HbAlc i.e. poorer
treatment outcome after 5 years. A high HbA1c at baseline predicted a greater reduction of
HbALc and need for insulin treatment. High systolic blood pressure and BMI at baseline were
associated with greater reduction.

The biomarkers were not associated with increase of blood pressure, HbAlc, BMI or need for
insulin treatment.

Conclusions

Smokers and patients with high HbAlc at diagnosis respond poorer to treatment over 5 years.
This highlights the importance of advice for non-smoking and weight reduction and more

intensive treatment over time.

Keywords: Type 2 Diabetes Mellitus, prognosis, Treatment Outcome, biomarkers, Primary
Health Care



1. Introduction

The prevalence of type 2 diabetes has been rising during the last decades [1] and at the same
time the average age of diagnosis has decreased [2]. Type 2 diabetes is associated with severe
and increasing micro- and macrovascular complications [3] leading to a higher incidence of
cardiovascular diseases and risk of cardiovascular death compared to the background
population [4]. To lower the risk of complications it is important to treat not only the glucose
level but also other risk factors such as hypertension, hyperlipidemia and obesity [5, 6]. Even
if cardiovascular risk factors in diabetes have been extensively studied it is still not yet known
which individuals have the highest risk for complications. Several studies have been
performed to increase the knowledge how to identify persons with diabetes and high risk early
[7] as this would be of great value for tailored treatment to avoid or postpone complications.

Studies in patients with newly diagnosed diabetes are scarce.

Biomarkers have attracted increased attention for early identification of patients at risk. In
earlier studies of newly diagnosed type 2 diabetes patients we found that an increase in C-
peptide concentration was associated with a higher all-cause mortality and specifically
cardiovascular death [8]. In the same cohort there was also an association between copeptin at

diagnosis and the development of chronic kidney disease [9].

C-peptide estimates the insulin secretion [10] and elevated concentrations are associated with
insulin resistance [11]. There is limited data that C-peptide concentration is associated to
cardiovascular and total mortality in non-diabetic patients [12]. Prospective studies of the
association between C-peptide concentrations and diabetic complications are scarce and
demonstrate contradictory results [13, 14, 15]. None of these studies included patients with

newly diagnosed diabetes.

Copeptin is the C-terminal fragment of the arginine vasopressin (AVP) pro-hormone. AVP
influences glucose metabolism by stimulating gluconeogenesis and glycogenolysis in the liver
[16]. It is short-lived and difficult to use as a biomarker. On the other hand, copeptin is
considered to be a reliable surrogate marker for AVP [16]. High copeptin levels have been
associated with the metabolic syndrome, development of diabetes mellitus and nephropathy
[16, 17]. Two recent studies have shown association between copeptin and cardiovascular

disease and death in patients with and without diabetes [7, 18].



It would be of great value to detect diabetes patients with high complication risk and reduced
treatment effect already at diagnosis. Their treatment could thereby be more intense and
tailored to prevent complications and premature death. It has previously been shown that
glycemic control became better in patients with ongoing type 2 diabetes with a higher BMI
[19] but as far as we know there are no studies on treatment response in patients with newly

diagnosed diabetes patients.

To gain a better understanding about responders and non-responders to treatment we analyzed
the associations between clinical factors such as current smoking, HbAlc, blood pressure,
body mass index (BMI) and previous blood pressure treatment and their influence to changes
in HbAlc, blood pressure or BMI or need of insulin treatment five years after diagnosis. We
also analyzed the association between levels of C-peptide and copeptin at diagnosis and

treatment response after five years.

2. Materials and Methods

2.1 Patients and laboratory analyses

The participants in this study were all patients newly diagnosed with type 2 diabetes
registered in the Skaraborg diabetes register (SDR), which was established in 1991. In the
SDR height, weight and blood pressure were registered and during 1996 and 1998 in addition,
blood samples were taken from people aged < 65 years. The cohort for this study consisted of
the patients younger than 65 diagnosed during 1996-1998 (n=460), in detail described
elsewhere [8, 20].

SDR includes date of diabetes diagnosis and clinical data such as BMI and blood pressure
[21]. Plasma and serum were sampled at the time of diagnosis and after 5 years, C-peptide,
and HbA1c were analyzed and a biobank was established. In 2012 we completed laboratory
analysis with creatinine, CRP and cystatin C. We calculated estimated glomerular filtration
rate (eGFR) as the arithmetic mean of the two estimates, eGFR based on Cystatin C

(GFR = 86.49" pCy 186" 0,948 (if female)) and eGFR based on creatinine concentrations
(GFR = X 0.0124 *age + 0.339 * In(age) 0.226 if female. % = 4 62 -0.0112" pCr (if pCr < 150 umol/L); X =
8.17 + 0.0005" pCr 1.07" In(pCr) (if pCr > 150 umol/L) according to Grubb [22].

Copeptin concentrations were measured in available samples from 382 individuals using a
commercially available assay in the chemiluminescence/coated tube format (B.R.A.H.M.S

AG, Hennigsdorf, Germany) as described previously [23, 24]. The lower detection limit was
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0.9 pmol/liter and the functional assay sensitivity (<20% interassay coefficient of variation)

was less than 2 pmol/liter.

As some clinical data and laboratory values were missing in the SDR, we completed
information on HbAlc, blood pressure and BMI using the computerized patients’ medical
charts from primary care. Information on possible treatment with insulin 5 years after
diagnosis was also extracted from the patients’ charts and defined as a prescription of insulin,

which are automatically registered in the charts when prescribing.

2.2 Statistics

The levels of the two biomarkers copeptin and C-peptide at diagnosis were analyzed with
descriptive statistics. The characteristics of the study cohort at baseline and after 5 years
including the clinical parameters and the levels of the two biomarkers copeptin and C-peptide
were analyzed with descriptive statistics for the whole study group and for the group of
individuals with complete data at both baseline and follow up.

The association between the biomarkers and the baseline clinical parameters on the one hand
and the change in HbAlc, systolic blood pressure and BMI after 5 years on the other hand
was tested with linear regressions. The association between the biomarkers and the baseline
clinical parameters and treatment with insulin 5 years after diagnosis was tested with logistic
regressions.

In a first step we used a univariate model. In a second step we performed multivariate analysis
using the factors that turned out significant in the first model.

SPSS version 21 (IBM corporation®) was used for all statistical analyses. A two-sided

p-value of <0.05 was considered statistically significant.

3. Results

Description of the study cohort at baseline and after 5 years

The study cohort consisted of 460 participants with newly diagnosed type 2 diabetes. Of the
460 persons 270 individuals had complete data (Table 1). The mean age was 53.0 + 8.6 years,
41.7% were women, 24.8% were smokers and 31.5% had hypertensive treatment at diabetes
diagnosis. Five years after diagnosis data was available for 333 participants of whom 169

individuals had complete data (Table 1). The mean HbAlc value at baseline was
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51 + 20 mmol/mol (6.80 + 1.8 %) and was after 5 years not at a significantly different level.
The mean systolic blood pressure at baseline was 140.7 = 19.2 mm Hg and after 5 years 141.8
+17.1 mm Hg. The mean BMI value at baseline was 31.2 + 5.6 kg/m? and after 5 years at
almost same level with 31.2 + 5.8 kg/m?. The mean eGFR was 104.0 + 38.3 ml/min/1.73m?
and decreased after 5 years to 87.1 + 27.2 ml/min/1.73m?. Fifty-three patients had been
prescribed insulin 5 years after diagnosis (11.5%), Table 1.

The group with complete data at both baseline and follow-up showed modest differences with
less hypertensive treatment and fewer women than the patients who were excluded due to

missing data, otherwise there was no difference between the groups, Table 1.

Association between clinical parameters / biomarkers and the development of HbAlc,
systolic blood pressure, BMI and need for insulin. Univariate analysis.

HbAlc

In the univariate analysis there was a statistical significant association between higher C-
peptide at diagnosis and greater increase of HbAlc level after 5 years (Table 2). We could not
show a significant association between copeptin at baseline and a change in HbAlc after 5
years.

Furthermore in the univariate model HbA1c increase after 5 years was significantly associated
with a high BMI, smoking and current hypertensive treatment (Table 2). On the other hand, a
high HbAlc at diagnosis was associated with a greater decrease of HbAlc after 5 years (Table
2).

Systolic blood pressure

We found a significant association between a high systolic blood pressure at diagnosis and a
decrease in blood pressure after 5 years (Table 2). No other clinical marker was associated
with a change in blood pressure.

There was no significant association between C-peptide or copeptin concentration and change
of blood pressure (Table 2).

BMI
A high BMI at baseline was associated to a decrease in BMI after 5 years, (Table 2). No other

clinical marker was associated with a change in BMI.



There was no significant association between C-peptide or copeptin concentration and change
in BMI (Table 2).

Need of insulin treatment

A high HbAlc value at diagnosis was associated with an increased prescription of insulin
after 5 years (Table 2). No other clinical marker was associated with need for insulin after 5
years.

Neither C-peptide nor copeptin concentrations at diagnosis were significantly associated with

prescription of insulin after 5 years (Table 2).

Association between clinical parameters / biomarkers and the development of HbAlc.
Multivariate analysis.

High HbAlc at baseline predicted a greater reduction of HbAlc after five years whereas
smoking and high BMI at baseline turned out to be an independent risk factor for poor
treatment response regarding HbA1c reduction over five years (Table 3).

The association between current hypertensive treatment and HbAlc increase was not
significant in the multivariate model (Table 3).

Further, the C-peptide level did not remain significantly related to treatment response in the

multivariate model (Table 3).

4. Discussion

The key findings in our study were that a high BMI at diagnosis and smoking predicted a poor
treatment outcome regarding HbAlc development. On the other hand a high HbAlc at
baseline was related to a better treatment response. High systolic blood pressure and BMI at
baseline were associated with greater reduction over time. The biomarkers were not
associated with the development of systolic blood pressure, HbAlc or BMI or the need for

treatment with insulin over time.

Smoking has earlier shown to be associated with insulin resistance [25] as smokers might
have an increased decline in beta cell function compared to non-smokers [26, 27] and it has
been shown that an improvement of insulin sensitivity after smoking cessation [28].
Therefore it is possible that the poorer treatment result in smokers in our study is related to

insulin resistance. Another possibility is that smokers have less compliance to lifestyle
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changes than non-smokers. In any case, our data underline the importance of smoking
cessation, not only to decrease cardiovascular and cancer risk but also to improve control of

diabetes early after diagnosis.

Regarding the individuals with a high BMI a first thought could be that their worse outcome
concerning HbAlc could be explained by the fact that obese people have a higher insulin
resistance [29]. In contrast, our study shows that the association between a high BMI and less
decline of HbAlc is independent of the C-peptide level, a proxy for insulin concentrations and
consequently for insulin resistance [10]. Another explanation could be that obese adults are
often less physically active than normal-weight adults [30] and it is well known that physical
activity improves HbAlc in people with diabetes [31]. This emphasizes the importance of

motivating persons with diabetes and a high BMI to start exercising.

Aside from a high baseline value we could in our study not see other associations with
changes in the systolic blood pressure and the BMI. Further studies are needed to understand
which persons are more likely to have difficulties in reaching treatment target of blood

pressure and BMI.

The biomarkers we studied were not associated with treatment response of the metabolic risk
factors. This was surprising since previous studies of the same cohort showed an association
between C-peptide and increased mortality and between copeptin and a deterioration of the
kidney function [8, 9]. As those complications are the results of a combination of high levels
of risk factors with for instance both elevated blood pressure, HbAlc, BMI and lipids an
explanation could be that the individual effects on risk factors are small and therefore difficult
to show in a small sized study like this one, while cardiovascular complications and death are
the final result of several risk factors acting together and therefore easier to detect. Moreover,
we might see a combination of both treatment effect and natural development of the disease
and complications. This makes it difficult to detect significant associations. Due to the
observational nature of the study, we cannot disentangle these factors from each other. On the
other hand, despite only a part of the relationship of the change of risk factors over time can
be explained by the baseline parameters, it represents the natural course in newly diagnosed
diabetes that will encounter the patient. We could therefore not explain the elevated risk for
complications and death we earlier showed as to be associated with elevated levels of C-
peptide and copeptin. There could also be other unknown factors making these biomarkers

predictors of risk independent from the studied treatment effect.



For the individuals with a high HbAlc at diagnosis it was more likely to lower their levels
over time. This was the same for individuals with a high systolic blood pressure, lowering
their blood pressure and those with a high baseline BMI, lowering their BMI over time. These
findings were not surprising, as often very high levels elicit more forceful treatment actions
compared to only slightly elevated levels. This was also probably why for patients with high

HbA1c at diagnosis it was more probably to have insulin treatment after five years.

A particular strength of our study is that the study cohort consists of patients with newly
diagnosed diabetes only, in contrary to other studies as far as we have experienced. The
cohort is population based, which makes it similar to the persons we usually meet in primary
care. The data from the SDR we have been using has a very good capture rate, the
completeness was 88.4% in 1995 [21] and the bias was low. Moreover the additional data we
used was from the persons’ medical charts which means that we studied the treatment in
clinical practice and not in a clinical study.

The limited time from 1996 to 1998 as well as including only patients less than 65 years
where blood samples were taken at diagnosis reduced the sample size of our cohort to 460
individuals which means a limitation of power. There was also a rather great loss to follow-up.
This could lead to undetected associations in the calculations and should lead to cautious
interpretation of the results. Another limitation is that only patients younger than 65 years at
diagnosis are included whereas many patients with type 2 diabetes mellitus are diagnosed in

older age.

5. Conclusion

In conclusion, in patients with newly diagnosed type 2 diabetes individuals with high levels of
HbA1c, systolic blood pressure and BMI have a good chance in lowering their levels over
time. It is though important to know that both smokers and individuals with a high BM1 at
diabetes diagnosis have a worse prognosis for the development of their HbAlc. As both
smokers and individuals with high Hb Alc at diabetes diagnosis respond significantly poorer
to treatment of metabolic control over five years it is important to follow up and treat them
more intensively over time. Analyzing biomarkers such as C-peptide and copeptin were not
useful in this context to predict treatment response and to understand the mechanism behind

the development of complications and higher risk for death.
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8. Tables

Table 1: Population description — baseline characteristics and characteristics 5 years after diagnosis

Baseline
Total studycohort

Baseline

Individuals with complete data

After 5 years
Total studycohort

After 5 years
Individuals with complete data

(n=460) (n=270) (n=333) (n=169)
Age (years) 53.0 + 8.6 52.8+8.2 58.0 + 8.6 57.8+8.2
Sex (% women) 41.7 38.9 41.7 38.9
Smoking (%) 24.8 25.9 21.1 20.7
Current hypertensive treatment (%) 31.5 274 40.0 38.9
eGFR (ml/ min/1.73m?) 104.0 + 38.3 105.4 + 39.6 87.1+27.2 89.1+26.8
HbA1c (mmol/mol ; %) 51+20(6.8+1.8) 52+20(6.9+1.8) 51+16(6.8+1.5 52 +16 (6.9 £ 1.5)
SBP (mm Hg) 140.7 £ 19.2 141.2 £195 1418+ 17.1 1423+ 17.2
BMI (kg/m?) 31.245.6 31.3+55 31.2+58 31.1+54
C-peptide (nmol/l) 0.95+0.48 0.94+£0.48 0.88 £ 0.46 0.89+0.49
Copeptin (pmol/l) 4.10 £ 2.66 4.00 £ 2.50 NA NA
Need of insuline treatment (%) 0 0 115 18.1

SBP = systolic blood pressure, BMI = Body Mass Index, NA = not analyzed
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Table 2. Association between clinical parameters /biomarkers and the development of HbAlc, SBP, BMI and need for insulin. Univariate analysis.

Delta HbAlc (%0)"

Delta SBP (mmgHg)”

Delta BMI (kg/m?)”

Need for insulin 5 years
after diagnosis

Age (years)
Sex

HbAlc (%)
SBP (mmHg)
BMI (kg/m?)
Smoking
Current HT

C-peptide
(per SD)
Copeptin
(per SD)

0.06
0.88
0.00
0.30
0.00
0.03
0.00

0.04

0.16

unst. B st. beta
-0.03 (-0.05-0.00)  -0.11
0.04 (-0.43-0.50)  0.01
-0.77 (-0.85-0.68) -0.71
-0.01 (-0.02-0.01)  -0.06
0.06 (0.02-0.10)  0.18
0.57 (0.06-1.09)  0.12
1.01 (0.51-1.50)  0.22
0.25(0.02-0.48)  0.12
-0.18 (-0.43-0.07)  -0.08

0.14
0.79
0.37
0.00
0.50
0.32
0.48

0.91

0.06

unst. B
-0,18 (-0.42-0.06)

0.56 (-3.55-4.66)
0.50 (-0.59-1.60)
-0.53 (-0.61-0.45)
-0.12 (-0.48-0.23)
2.39 (-2.30-7.07)
1.61 (-2.85-6.07)

-0.12 (-2.18-1.94)

-2.02 (-4.10-0.06)

st. beta
-0.09

0.02
0.05
-0.59
-0.04
0.06
0.04

-0.01

-0.01

0.59
0.33
0.18
0.62
0.00
0.73
0.67

0.91

0.06

unst. B st. beta

0.01 (-0.03-0.05) 0.03
0.31(-0.32-0.94)  0.05
0.12 (-0.05-0.29) 0.08
-0.01 (-0.02-0.01)  -0.03
-0.10 (-0.15--0.05)  -0.21
0.13 (-0.58-0.83) 0.02
0.15(-0.53-0.83)  0.02
-0.12 (-2.18-1.94)  -0.01
-2.02 (-4.10-0.06)  -0.11

P
0.80

0.97
0.00
0.21
0.86
0.40
0.93

0.06

0.40

unst. B
0.01

0.01
0.26
-0.01
-0.01
0.27
0.03

0.24

0.12

OR
1.00 (0.97-1.04)

1.01 (0.57-1.81)
1.30 (1.13-1.49)
0.99 (0.98-1.01)
1.00 (0.95-1.05)
1.31 (0.70-2.46)
1.03 (0.56-1.90)

1.28 (0.99-1.65)

1.12 (0.86-1.47)

“Difference between baseline value at diagnosis and value 5 years after diagnosis
C-peptide and copeptin as Zscore
SBP = systolic blood pressure, BMI = Body Mass Index, Current HT = Current hypertensive treatment
p = p value, st. beta = standardized coefficient Beta,
unst. B = unstandardized coefficient B, 95 % Confidence Interval
OR = Odds Ratio, 95% ClI

14



Table 3. Association between clinical parameters/biomarkers and the development of HbAlc.
Multivariate analysis.

Delta HbA1c (%0)"

p unst. B st. beta
HbALc (%) 0.00 -0.72 (-0.80-0.63) -0.67
BMI 0.01 0.04 (0.01-0.07) 0.12
Smoking 0.00 0.55 (0.18-0.92) 0.12
Current HT 0.09 0.32 (-0.05-0.69) 0.07
C-peptide (per SD) 0.66 -0.04 (-0.22-0.14) -0.02

“Difference between baseline value at diagnosis and value 5 years after diagnosis
C-peptide as Zscore

Current HT = Current hypertensive treatment

p = p value, st. beta = standardized coefficient Beta,

unst. B = unstandardized coefficient B, 95 % Confidence Interval
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