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Abstract

Background: Type 2 diabetes (T2D) is associated with substantial morbidity and mortality. Individuals with a family
history of T2D are at an increased risk of developing the disease. The aim of this study was to assess metabolic
differences between first-degree relatives (FDR) of T2D patients and persons with no known family history of T2D
(non-FDR).

Methods: In 200 FDR and 73 non-FDR, we compared anthropometrics, glucose tolerance status, different
measurements of insulin secretion, insulin resistance, as well as blood lipids and other blood analyses.

Results: In the FDR group, 30 individuals had impaired glucose tolerance or T2D. Among the non-FDR, two
individuals had impaired glucose tolerance. In unadjusted data, the FDR were older, had stronger heredity for
coronary heart disease, lower body mass index and weight, higher OGTT plasma glucose concentrations, and
impaired insulin secretion (all p < 0.05). Using propensity score, we matched the groups, resulting in
significantly stronger heredity of coronary heart disease, higher OGTT plasma glucose at 60 and 90 min, larger
glucose area under curve during the OGTT and higher serum creatinine among the FDR. Using least squares
means, OGTT glucose at 60 and 120 min, as well as the area under curve, and OGTT insulin levels at 60 min
were significantly higher. Body mass index was negatively correlated with insulin sensitivity (MI) and positively
correlated with HOMA-@3, a measurement of insulin secretion.

Conclusions: We show that FDR are more likely to have impaired glucose tolerance and display higher OGTT
plasma glucose and insulin, indicating an unfavorable metabolic profile. We conclude that OGTT is a simple
and yet informative metabolic assessment in the FDR group. In both groups, we saw a negative correlation
between body mass index and MI, confirming the role of body mass index in insulin resistance.
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Background

Type 2 diabetes mellitus (T2D) is a heterogeneous disease
characterized by chronically elevated plasma glucose levels,
as well as disturbances in the metabolism of lipids, carbohy-
drates and protein [1, 2]. It is intimately associated with
obesity and the metabolic syndrome [2—4], which are major
risk factors of cardiovascular disease [5], the number one
cause of death globally today [4, 6].
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The pathophysiology behind T2D has been extensively
studied and there is consensus in the research commu-
nity today that the pathophysiology indeed is multifac-
torial [1, 2, 7]. DeFronzo et al. summarizes how
consensus has grown from acknowledging functional
disturbances in pancreatic islet B-cell (ie insulin secre-
tion) and the liver and muscle cells (ie insulin action), to
today include well documented perturbations in adipose
tissue metabolism and morphology, gut hormone regula-
tion (ie incretin action), kidney function and pancreatic
a-cell function, as well as central nervous system neuro-
transmitter dysfunction [1].
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Lifestyle factors, in particular a hypercaloric diet,
cigarette smoking and a sedentary lifestyle, in combin-
ation with genetic factors, are considered central under-
lying causes [8, 9]. In spite of only weak associations
between specific genes and the development of T2D,
first-degree relatives (FDR) of T2D patients are clearly at
an elevated risk of developing the same disease, propor-
tionate to the number of family members affected [2, 3,
10, 11].

Previous studies have shown that FDR display unfavor-
able anthropometrics and metabolic characteristics in
spite of normoglycemia, however less refined methods
have been used [12-17]. The aim of this study is to as-
sess anthropometric and metabolic differences, using
state of the art methods, between a group of healthy
FDR and a group of healthy persons without known
family history of diabetes, recruited from the back-
ground population.enzyme-linked immunoassay (ELISA)
technique. Serum insulin was analyzed at the Wallen-
berg laboratory using a radioimmunoassay technique
(Pharmacia, Uppsala, Sweden). Plasma insulin was mea-
sured at the University of Tibingen, Germany, by
micro-particle enzyme immunoassay (Abbott Laborator-
ies, Tokyo, Japan). A conversion factor was used to com-
pare the two. Serum adiponectin was measured by a
human adiponectin ELISA-kit (B-Bridge International,
Sunnyville, CA, USA). Serum LDL cholesterol was cal-
culated using the Friedewald equation [18]. At this visit
the subjects also filled out a questionnaire regarding life-
style and family history of diabetes. High heredity for
T2D was defined as having more than one FDR with the
disease. Level of stress was subjectively assessed.

At a second visit, an OGTT was performed. We used
the WHO criteria for IGT and T2D [19]. The OGTT
was performed by oral administration of 75 g of liquid-
ized glucose at a fasting state and subsequent intraven-
ous blood glucose samples (in mmol/L) at 30, 60, 90 and
120 min. The 120 min-value was used to assess glucose
tolerance status as NGT, IGT or T2D [20]. To further
assess glucose tolerance status, the concentrations of
glucose and insulin concentrations were plotted over
time. An area under curve (AUC) of glucose and insulin
was calculated using the trapezoid method [21].

We also analyzed serum (in the non-FDR group) and
plasma (in the FDR group) insulin levels (pmol/L) at 0, 30,
60, 90 and 120 min. HOMA-f was calculated using fasting
glucose and fasting insulin levels [22]. The formula looks
as follows:

_ fasting plasma insulin (I%Gl) %x20-+6.945

HOMA-beta% =

fasting plasma glucose (’”’L""l) -3.5

IGI (pmol/mmol) was calculated using the following
A plasma insulin (’%”I)

A plasma glucose (""L"‘”)

formula:

Page 2 of 9

The delta values are the difference between the plasma
values at 120 min and fasting values during the OGTT
(23, 24].

At the third visit, a hyperinsulinemic, euglycemic
clamp - the gold standard and reference method to as-
sess insulin sensitivity - was performed on each subject.
A disposition index, derived from IGI from the OGTT
and the M/I-value from the clamp performed at this
visit, was also calculated [25], thus providing a B-cell
function estimate superior to the IGI and the HOMA-
beta, as it takes insulin resistance into account [26]:

Gl M\ __ pmol
ﬁ_IGI ><(I)_mmol><
1

The clamp was performed in a fasting state by a
continuous intravenous infusion of insulin, to sup-
press endogenous insulin production, and subsequent
and variable glucose infusion. Glucose was measured
at five min intervals until a steady state was reached,
where plasma glucose was clamped at 5.0 mmol/L. At
the clamped plasma glucose level, the glucose infu-
sion rate (GIR, ie M-value), divided by lean body
mass was calculated as a measurement of the whole
body glucose uptake [27]. Also, to account for en-
dogenous insulin levels, an M/I (I being insulin levels
during the steady-state phase of the clamp) was also
calculated [28].

mg+kg+min __ L
pmol=L — mol=min

Statistical analysis

Analyses were performed using SPSS statistics version
22.0 (Armonk, NY, USA: IBM Corp.), as well as R
(The R Project for Statistical Computing version
3.1.2). Variables were considered normally distributed
after visual assessment in a histogram. The results for
continuous variables are given as means and SD, and
for categorical variables as frequencies. Student’s t-test
was used to assess statistical significance between
groups for continuous variables and for categorical
variables Chi-square test was used. A value of
p < 0.05 was considered statistically significant. How-
ever, the p values should be interpreted in the light
of the exploratory nature of the study and the num-
ber of tests performed.

We used linear regression to compare IGI, HOMA-f,
DI, M, MI and plasma insulin and glucose, as well as in-
sulin and glucose AUC, between non-FDR and FDR. Ad-
justment was made for age, sex, BMI, physical exercise
and smoking. To obtain a mean value for each
dependent variable, we used least squares means with
the same model specifications. Group differences were
examined with and without imputation of missing data.
Missing data was imputed using the MICE algorithm
(we imputed 5 complete data sets).

We also performed a 1-to-1 matching, using a propen-
sity score. We matched each non-FDR subject to one
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FDR subject, conditional on age, sex, and BMI. The
resulting matched group consisted of 146 individuals; 73
subjects in each group. We compared the groups dir-
ectly in order to explore metabolic differences between
non-FDR and FDR at the same age, sex and BML.

Correlations between BMI and fat percent on one
hand, and IGI, MI and HOMA-P on the other in non-
FDR and FDR were also assessed, by use of Spearman’s
correlation [29-31].

Results

Two hundred subjects were FDR and 73 were non-FDR.
In the FDR group, 170 individuals displayed NGT, 29
had IGT, 6 had IFG (of which 3 also had IGT) and 1 in-
dividual fulfilled the T2D criteria. Among the non-FDR,
70 were NGT, 2 individuals had IGT and 1 had IFG.

Crude characteristics

Clinical, anthropometric and biochemical characteristics
of the complete and unmatched two groups are dis-
played in Table 1. The FDR were significantly older, dis-
played stronger heredity for CHD, and had lower BMI
and weight, but still similar WHR supporting an in-
creased predisposition for an abdominal adipose tissue
profile. They also displayed higher plasma glucose con-
centrations during the OGTT, including AUC, however
at equal insulin concentrations, as well as higher serum
HDL and lower LDL. There were non-significant differ-
ences in insulin sensitivity (p-values <0.1), while mea-
surements of insulin secretion showed that the FDR had
lower HOMA-p, higher IGI and DI were not statistically
significantly different.

Differences and similarities in the matched set

Clinical, anthropometric and biochemical characteristics
in the matched set, using propensity score, are displayed
in Table 2. When comparing the two matched groups of
individuals, FDR only had a significantly higher level of
heredity for CHD, higher OGTT plasma glucose at 60
and 90 min, as well as AUC, lower serum LDL and
higher serum creatinine.

Figure 1 a-d show mean plasma glucose and insulin
concentrations during the OGTT in non-FDR and
EDR, overall and in the matched set. Elevations in
plasma concentration of glucose can be seen through-
out the trial, including a larger AUC in the FDR
group. AUC for plasma insulin did not differ signifi-
cantly between groups.

We examined least square means and 95% confidence
intervals for IGI, HOMA-, DI, M, MI and OGTT glu-
cose and insulin, including AUC. Means and confidence
intervals were derived from the complete cases, whereas
p values were pooled over the 5 imputed data sets.
OGTT glucose at 60 and 120 min, as well as AUC
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glucose were significantly higher, and OGTT insulin at
60 min were significantly higher among FDR (p < 0.05).
The other examined variables did not reach statistical
significance, however insulin and glucose levels tended
to be higher in the FDR group throughout the OGTT.
Also, IGI and DI both tended to be lower in the FDR
group, indicating impaired p-cell function. These figure
have not been included in this publication.

Correlations

We examined correlations between BMI and fat per-
cent, and IGI, MI, HOMA-B in both groups, includ-
ing all individuals (Fig. 2). In neither of the groups
we saw a statistical significant correlation between
IGI and BMI or fat percent. BMI was negatively cor-
related with MI and positively correlated with
HOMA-B in both non-FDR and FDR, although more
strongly in non-FDR. When examining which correla-
tions were present with fat percentage, only a rela-
tively weak negative correlation with MI in the FDR
group and a positive correlation with HOMA-p
among non-FDR reached statistical significance.

Discussion

In summary, we found that healthy FDR display higher
glucose and insulin levels during an OGTT, higherserum
triglycerides and a tendency towards disturbed [-cell
dysfunction, when compared to subjects without a fam-
ily history of diabetes. Using covariate analysis, we also
found that OGTT glucose at 60 and 120 min, aswell as
AUC glucose were significantly higher, and OGTT insu-
lin at 60 min were significantly higher, among FDR. We
also found that in the FDR group, fat percentage and
BMI were both negatively correlated with MI.

A primary finding of this study was the elevated insu-
lin and glucose levels during and OGTT, despite equal
insulin resistance levels between groups, and thus con-
firming the OGTT usefulness in detecting high-risk indi-
viduals, despite its simplicity. Our data, both adjusted
and unadjusted, showed higher plasma glucose and insu-
lin concentrations, including AUC and iAUC, through-
out the OGTT in the FDR compared to non-FDR. Other
studies have thoroughly examined OGTT findings in
EDR subjects, and have reached similar conclusions.
Taheri et al. and Alyass et al. hypothesized, that mea-
surements at 60 min during an OGTT might detect dis-
turbances not shown at 120 min [10, 12, 13, 32, 33]. In
the Baltimore Longitudinal study of ageing, OGTT data,
including AUC, from 1400 non-diabetic individuals
showed that integrated glucose, ie glucose AUC, as well
as glucose concentration at 120 min, were significant
predictors of all-cause mortality [34].

In this study, we also aimed to study insulin secretion
function and found that there is a tendency, however
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Table 1 Subject characteristics of the complete two groups, unadjusted
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Non-FDR FDR p

N 73 200

Sex male (%) 33 (45.2) 81 (40.5) 0576
Age (years) 36.68 (7.99) 40.05 (7.16) 0.001
Weight (kg) 83.93 (14.86) 75.98 (12.95) <0.001
BMI (kg/m2) 27.22 (391) 25.14 (347) <0.001
Fat percent (%) 27.87 (9.24) 2642 (8.09) 0218
DI (mL/mol/min) 363 (3.56) 278 (2.88) 0.108
Waist circumference (cm) 90.37 (10.64) 88.39 (10.20) 0.169
WHR 0.85 (0.08) 0.86 (0.08) 0334
Diastolic blood pressure (mmHg) 77.53 (8.98) 73.64 (9.75) 0.003
Systolic blood pressure (mmHg) 121.19 (14.50) 115.99 (12.22) 0.004
High heredity for T2D (%) 0 (0.0) 7 (3.6) <0.001
High heredity for CHD (%) 9 (13.0) 76 (29.6) 0.001
Currently smoking (%) 7 (10.2) 22 (113) 0.877
Exercise >4 times per week (%) 41 (57.7) 68 (35.2) 0.008
High stress level (%) 9 (13.0) 34 (17.7) 0.010
Serum adiponectin (ng/mL) 8295.29 (3551.68) 9064.92 (4436.85) 0.233
Serum triglycerides (mmol/L) 091 (0.48) 3 (0.54) 0.131
Serum HDL (mmol/L) 142 (0.32) 5(0.38) 0.031
Serum cholesterol (mmol/L) 466 (0.86) 482 (0.89) 0.185
Serum LDL (mmol/L) 3.78 (0.80) 2.84 (0.84) <0.001
Serum creatinine (umol/L) 7491 (1245) 85.86 (16.81) <0.001
OGTT fasting plasma glucose (mmol/L) 4.74 (0.36) 481 (042) 0.165
OGTT plasma glucose 30 min (mmol/L) 7.55 (1.54) 7.99 (1.54) 0.044
OGTT plasma glucose 60 min (mmol/L) 6.90 (1.90) 776 (2.12) 0.003
OGTT plasma glucose 90 min (mmol/L) 587 (1.51) 6.95 (1.89) <0.001
OGTT plasma glucose 120 min (mmol/L) 5.56 (1.37) 6.12 (1.59) 0.010
OGTT fasting serum insulin (pmol/L) 58.77 (36.19) 49.20 (29.30) 0.048
OGTT serum insulin 30 min (pmol/L) 489.05 (336.05) 412.03 (245.01) 0.068
OGTT serum insulin 60 min (pmol/L) 45458 (297.68) 5 (261.66) 0572
OGTT serum insulin 90 min (pmol/L) 336.85 (257.46) 396.38 (297.55) 0.162
OGTT serum insulin 120 min (pmol/L) 305.38 (267.73) 31893 (288.16) 0.746
HOMA-B (%) 150.53 (81.27) 18.88 (63.90) 0.003
IGI (pmol/mmol) 194.70 (250.13) 136.18 (144.01) 0.044
M-value (GIR/kg/min: g/kg/min) 11.94 (449) 13.00 (4.16) 0.085
M/ 0.02 (0.01) 0.02 (0.01) 0.083
OGTT insulin AUC (pmol/L/120 min 44,235.77 (28,021.78) 43,030.71 (25,137.08) 0.764
OGTT glucose AUC (mmol/L/120 min 763.75 (149.28) 844.66 (166.09) <0.001
HOMA-IR 12.58 (2.27) 10.69 (0.19) 0.092

Data are, for categorical variables, given as frequencies (percentage) and for continuous variables as mean (standard deviation). P-values have been obtained as
explained in the method section. FDR first-degree relatives, WHR waist-hip ratio, T2D type 2 diabetes, CHD coronary heart disease, HDL high-density lipoprotein,
LDL low-density lipoprotein, HOMA-3 homeostasis assessment model-beta, /Gl insulinogenic index, DI disposition index, M and M/I insulin resistance level, GIR

glucose infusion rate
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Table 2 Subject characteristics after matching by propensity score

Page 5 of 9

Non-FDR FDR p

N 73 73

Sex male (%) 33 (45.2) 35 (47.9) 0.868
Age (years) 36.68 (7.99) 35.99 (6.82) 0.571
Weight (kg) 83.93 (14.86) 3 (14.71) 0391
BMI (kg/m2) 27.22 (391) 2661 (4.14) 0.356
Fat percent (%) 27.87 (9.24) 27.18 (8.69) 0.647
DI (mL/mol/min) 363 (3.56) 252 (2.77) 0.085
Waist circumference (cm) 90.37 (10.64) 92.15 (11.59) 0343
WHR 0.85 (0.08) 0.88 (0.09) 0.060
Diastolic blood pressure (mmHg) 77.53 (8.98) 74.68 (9.95) 0.073
Systolic blood pressure (mmHg) 121.19 (14.50) 115.84 (12.60) 0019
High heredity for T2D (%) 0 (0.0) 34.0) <0.001
High heredity for CHD (%) 9 (13.0) 24 (329) 0.012
Currently smoking (%) 7 (10.0) 8 (11.0) 0.943
Exercise >4 times per week (%) 41 (57.7) 33 (45.2) 0.275
High stress level (%) 9 (13.0) 16 (21.9) 0.235
Serum adiponectin (ng/mL) 8295.29 (3551.68) 7525.09 (3707.54) 0.242
Serum triglycerides (mmol/L) 091 (0.48) 3(0.68) 0.038
Serum HDL (mmol/L) 142 (0.32) 7 (0.36) 0418
Serum cholesterol (mmol/L) 466 (0.86) 468 (0.89) 0.885
Serum LDL (mmol/L) 3.78 (0.80) 259 (0.67) <0.001
Serum creatinine (umol/L) 7491 (1245) 88.44 (15.75) <0.001
OGTT fasting plasma glucose (mmol/L) 4.74 (0.36) 485 (0.49) 0.123
OGTT plasma glucose 30 min (mmol/L) 7.55 (1.54) 8.15 (1.39) 0.017
OGTT plasma glucose 60 min (mmol/L) 6.90 (1.90) 7.99 (2.24) 0.002
OGTT plasma glucose 90 min (mmol/L) 587 (1.51) 6.97 (1.99) <0.001
OGTT plasma glucose 120 min (mmol/L) 5.56 (1.37) 6.11 (1.61) 0.032
OGTT fasting serum insulin (pmol/L) 58.77 (36.19) 57.98 (36.78) 0.906
OGTT serum insulin 30 min (pmol/L) 489.05 (336.05) 45750 (274.58) 0.580
OGTT serum insulin 60 min (pmol/L) 45458 (297.68) 49854 (314.31) 0429
OGTT serum insulin 90 min (pmol/L) 336.85 (257.46) 9 (371.26) 0.030
OGTT serum insulin 120 min (pmol/L) 305.38 (267.73) 8 (380.42) 0.103
HOMA-B (%) 150.53 (81.27) 132.58 (72.04) 0.209
IGI (pmol/mmol) 194.70 (250.13) 135.21 (103.17) 0111
M-value (GIR/kg/min: g/kg/min) 11.94 (4.49) 11.87 (3.89) 0927
M/ 0.02 (0.01) 0.02 (0.01) 0816
OGTT insulin AUC (pmol/L/120 min 44,235.77 (28,021.78) 50,099.93 (30,732.69) 0.284
OGTT glucose AUC (mmol/L/120 min 763.75 (149.28) 85729 (172.61) 0.001
HOMA-IR 12.58 (8.36) 12.81 (867) 0.879

Data are, for categorical variables, given as frequencies (percentage) and for continuous variables as mean (standard deviation). P-values have been obtained as
explained in the method section. FDR first-degree relatives, WHR waist-hip ratio, T2D type 2 diabetes, CHD coronary heart disease, HDL high-density lipoprotein,
LDL low-density lipoprotein, HOMA-3 homeostasis assessment model-beta, /Gl insulinogenic index, DI disposition index, M and M/I insulin resistance level, GIR

glucose infusion rate
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not statistically significant, in the FDR group, towards p-
cell dysfunction, compared to the non-FDR. In our
matched results, one could also see a tendency in insulin
concentrations from the OGTT, that FDR had higher
fasting insulin levels, lower 30 min values and then
higher concentrations at 60, 90 and 120 min. Possibly
somewhat speculative, this further indicates p-cell dys-
function with a slow acute insulin response and a com-
pensatory overproduction during the late response. In
the previously mentioned study by Stadler et al., distur-
bances in insulin secretion (IGI) were also observed in
the FDR group. They showed that acute phase insulin
secretion was diminished and hyperinsulinemia during
the late phase was present, despite normal insulin sensi-
tivity [10]. Perseghin et al. showed that when subdividing
the FDR into groups according to M-value, the most

insulin resistant individuals had a significantly lower
acute insulin response than the normally insulin sensi-
tive FDR, implying that the IR and B-cell dysfunction are
indeed intimately connected, and more so than mere
heredity [35]. Praveen et al. found that DI was lower in
the FDR group than non-FDR, indicating -cell dysfunc-
tion [13]. Gautier et al. concluded that FDR display early
insulin secretion dysfunction during an IVGTT, despite
normoglycemia [36]. Cnop et al. concluded that FDR’s
decline in glucose tolerance status is mostly due to a loss
in insulin secretion ability [37].

Increasing BMI and fat percentage have often been as-
sociated with increasing insulin resistance. We con-
firmed these correlations in our study population, and
found that in both groups, there was indeed a negative
correlation between BMI and insulin sensitivity. In both
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groups, increasing BMI was also associated with increas-
ing HOMA-p, indicating a responding increase in insu-
lin demand upon weight gain. However, the correlation
coefficient was markedly lower among FDR than non-
EDR, possibly indicating an inability to increase insulin
production upon weight gain in the FDR group. Interest-
ingly, we also found that among FDR, but not among
non-FDR, increasing fat percentage was associated with
decreasing MI, indicating an inability among the FDR to
stay insulin sensitive upon expansion of the adipose tis-
sue, specifically.

In our study, no differences in insulin resistance levels
were seen, neither in adjusted nor unadjusted data. We
hypothesize that this finding is possibly due to baseline
differences between FDR and non-FDR, where the
former had lower BMI. Other studies have shown both
clamp data, M and MI, and surrogate measures such as
HOMA-IR to be deranges in the FDR group. Stadler et
al., as well as Nyholm et al., showed that signs of IR
(lower M-value and M/I) were present in FDR when
compared to a matched group of non-FDR [10, 32].
Praveen et al.,, as well as Kuzhandai et al. and Arner et
al, displayed higher HOMA-IR, ie lower insulin

sensitivity, in the FDR group than in non-FDR subjects
[13, 14, 38]. Previous studies from our laboratory, per-
formed on minor subgroups from the same study popu-
lation but with more narrow inclusion criteria, have
shown lower M and/or M/I values, as well as higher
HOMA-IR and hypertriglyceridemia [38—40].

A major strength of this study was our usage of state
of the art methodology to assess insulin sensitivity, as
well as extensive measurements to assess B-cell func-
tion and adipose tissue function and biochemical data,
including OGTT to assess glucose tolerance status and
doing so in a relatively large study population [23, 27].
Other studies have looked at similar questions in simi-
lar study populations, however using less refined meth-
odology [12-16].

Certain limitations to this study need to be addressed.
In our results the non-FDR tended to be — not at a sta-
tistically significant level, however - more physically ac-
tive, which could possibly have influenced our results.
Also, we did not perform an IVGTT to assess [-cell
function. In this study, we have not explored subjects’
dietary habits. Information on diet could have contrib-
uted to increase the scientific value of our results, as a
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hyper-caloric diet is a well-established contributing fac-
tor in the development of obesity and T2D. Specific
studies on the FDR group have also concluded that un-
healthy dietary habits contributed to FDR’s increased
risk of cardiometabolic disease [2, 6, 41]. We did not in-
clude data on ethnicity, a known risk factor for glucose
tolerance variations, in the two study groups. However,
the vast majority of study participants were of Caucasian
ethnicity, and we would thus not have had power to ad-
dress if ethnicity was a contributing factor to differences
between groups. Finally, among both groups were indi-
viduals with glucose tolerance disturbances, including
one individual with overt T2D. However, the subjects
were not included because they were normoglycemic,
but because they were without known T2D and in gen-
eral good health. We therefore have not performed any
statistical analyses on subjects stratified by glucose toler-
ance status, as that in our opinion would make our data
less representative of the background population. We
consider it important to look at a population without
too many modifications and excluding criteria, as that
would make our sample less representative of the diverse
background population.

Before matching, the FDR had lower mean BMI and less
atherogenic blood lipid characteristics than the non-FDR.
These differences in characteristics we believe were due to
the non-FDR’s higher weight, BMI and WHR, despite
lower age. Mode of recruitment could have produced this
bias, as we hypothesized that the FDR were aware of their
higher risk of developing T2D, and thus more prone to be
motivated to both participate in the study, despite normal
weight, and possibly also to stay leaner and lead a health-
ier lifestyle. This could be considered a selection bias on
our part, and a methodological imperfection. Smaller
studies on subgroups from our study population, such as
Axelsen et al. and Johanson et al., around 15 cases, plus
controls, were recruited and then one can find subjects at
matching BMT’s [39, 42]. In our populations, with almost
300 subjects, seeing leaner FDR and heavier non-FDR was
to be expected. However, despite being significantly leaner,
the FDR were less glucose tolerant, adjusted both by
matching and least squares means, indicating a more un-
favorable metabolic profile despite lower BMI than non-
EDR. Furthermore, the non-FDR had a slightly lower
WHR, not reaching statistical significance, possibly indi-
cating a slightly more favorable regional adiposity. These
results confirmed what Cederberg et al. hypothesized, that
FDR are at an increased risk of T2D, obesity and specific-
ally obesity-related insulin resistance [43]. As this study
has included the recruited groups in their totality, taken
from the background population and using minimal ex-
clusion criteria, avoiding bias and confounders would be
very difficult. We consider it important to include broadly
from a background population to explore correlations and
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tendencies, as an important complement to longitudinal
studies, and randomized clinical trials in particular, from
which causative factors can be determined.

Conclusion

In this cross-sectional study of 200 FDR of T2D patients
and 73 subjects without family history of T2D, we found
that the FDR display glucose tolerance disturbances
when compared to non-FDR, rather than insulin resist-
ance. We also conclude that OGTT is a solid and in-
formative, yet simple and inexpensive, mode of assessing
risk of T2D in this high-risk group of FDR.
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