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Family history of diabetes (FH+) has been associated with
early metabolic alteration including insulin resistance,
lipid metabolism, and ectopic fat accumulation even in
healthy individuals.' Furthermore, normoglycemic first-
degree relatives of type 2 diabetes mellitus (T2DM)
have been documented having increased carotid intima-
media thickness and pro-inflammatory cytokines.*”
Taken together, individuals with FH+, who were otherwise
healthy, have shown to possess susceptibility for diabetes
mellitus (DM) chronic complication. Hence, this study
aimed to investigate whether FH+ increased the risk of
chronic complications in patients with overt T2DM.

This was a cross-sectional study which included
adult patients with T2DM visiting a private hospital
integrated diabetes center in South Tangerang (urban
area outskirt of Jakarta), Indonesia from December 2020
to November 2021. Those without any documented
blood test results were excluded. FH+ was defined as
having first- and/or second-degree relatives with T2DM.

Chronic complications investigated were atherosclerotic
cardiovascular diseases (ASCVD) including coronary
artery disease (CAD), stroke, and peripheral artery
disease; microvascular complications including diabetic
retinopathy, diabetic peripheral neuropathy, and dia-
betic kidney disease (DKD); diastolic dysfunction and
heart failure (HF). Data were taken from hospital
electronic medical records and were explored from
clinical signs and symptoms, history of previously known
chronic complications, laboratory and radiological ex-
aminations, and diagnosis made by the physicians.
Additionally, if any, other tests were used for diagnosis
such as treadmill stress test and coronary arteries
calcium scoring for CAD; ankle-to-brachial index of
<0.9 and limb vessels stenosis of 250% on doppler
ultrasound for peripheral artery disease; non-mydriatic
funduscopy for retinopathy; 10 g monofilament test and
128 Hz tuning fork test for neuropathy; presence of
micro-/macroalbuminuria or proteinuria and glomerular
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filtration rate <60 mL/min for DKD; echocardiography
for diastolic dysfunction and HF.

Results were presented in n (%), and median
(interquartile range, IQR) depends on data type. Chi-
squared test was used to compare nominal data,
while Mann-Whitney was used to compare numeri-
cal data. Logistic regression analysis was used to
determine FH+ association with chronic complica-
tions adjusted for age, sex, DM duration, alcohol and
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pressure, body mass index, HbAlc, low-density
lipoprotein, triglyceride, and estimated glomerular
filtration rate, with no family history of diabetes
(FH-) as the reference.

A total of 1011 T2DM patients were included, 24.8%
of whom had family history of T2DM (FH+) (Table 1).
There were higher proportions of dyslipidemia, smoking
and alcohol history found in FH+, whereas FH- had
older age, higher systolic blood pressure and triglyceride

smoking history, systolic and diastolic blood

TABLE 1 Characteristics of study patients.
Characteristics
Age (years), median (IQR)
Male, n (%)
Duration of DM, n (%)
<1 year
1-<3 years
3-<5 years
5-10 years
>10 years
Smoking history, n (%)
Alcohol history, n (%)
Body mass index* (kg/m?), median (IQR)
Systolic blood pressure® (mmHg), median (IQR)
Diastolic blood pressure® (mmHg), median (IQR)
HbA1c® (%), median (IQR)
LDL? (mg/dL), median (IQR)
Triglyceride® (mg/dL), median (IQR)
HDL' (mg/dL), median (IQR)
Total cholesterol® (mg/dL), median (IQR)
eGFR" (ml/min/1.73 m?), median (IQR)
ACR' (mg/g), median (IQR)
Comorbidities, n (%)
Dyslipidemia
Obesity

Hypertension

All subjects (N=1011)

56 (47-65)

543 (53.7)

181 (20.7)
163 (18.7)
98 (11.2)
143 (16.4)
289 (33.1)
108 (10.7)
52 (5.1)
26.0 (23.4-29.5)
136 (124-150)
77 (69-84)
8.5 (7.1-10.3)
110 (82-143)
151 (110-210)
43 (37-51)
186 (153-220)
89.7 (67.1-103.0)

27.6 (10.5-111.0)

827 (81.8)
631 (62.4)

514 (50.8)

level, and lower eGFR (Table 1).

FH+ (N=251) FH- (N=760) p
54 (46-63) 57 (48-66) 0.006
134 (53.4) 409 (53.8) 0.964
0.054
57 (23.0) 124 (19.8)
44 (17.7) 119 (19.0)
25 (10.1) 73 (11.7)
28 (11.3) 115 (18.4)
94 (37.9) 195 (31.2)
55 (21.9) 53 (7.0) <0.001
35 (13.9) 17 (2.2) <0.001
25.7 (22.9-29.2) 26.1 (23.4-29.7) 0.585
133 (121-146) 136 (125-151) 0.023
77 (70-82) 77 (68-85) 0.387
8.7 (7.3-10.5) 8.4 (7.0-10.2) 0.052
114 (86-146) 109 (82-140) 0.351
142 (101-199) 154 (113-213) 0.016
45 (37-51) 42 (36-51) 0.184
196 (158-222) 184 (150-220) 0.321
96.0 (76.2-106.7) 87.3 (63.4-102.1) <0.001
24.1 (10.8-93.3) 30.0 (10.2-137.6) 0.413
221 (88.1) 606 (79.7) 0.004
159 (63.4) 472 (62.1) 0.782
119 (47.4) 395 (52.0) 0.238

Abbreviations: ACR, urine albumin-to-creatinine ratio; DM, diabetes mellitus; eGFR, estimated glomerular filtration rate; FH+, patients with family history of diabetes;
FH-, patients without family history of diabetes; HDL, high-density lipoprotein cholesterol; LDL, low-density lipoprotein cholesterol.

FH+: n=249, FH-: n=713.
PFH+: n =223, FH-: n=629.
°FH+: n =245, FH-: n="724.
4FH+: n =227, FH-: n=605.
°FH+: n=221, FH-: n=510.
'FH+: n=179, FH-: n = 346.
8FH+: =85, FH—: n=293.

BEH+: n =228, FH-: n="587.
'FH+: n=129, FH-: n=134.
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FIGURE 1

Comparison of the proportion of chronic complications between T2DM patients with and without a family history of diabetes.

ASCVD, atherosclerotic cardiovascular disease; CAD, coronary artery disease; DKD, diabetic kidney disease; DPN, diabetic peripheral neuropathy;
DR, diabetic retinopathy; PAD, peripheral artery disease. (*p < 0.05; **p < 0.001).

Overall, higher proportions of complications were seen
in FH+, but statistical significances were mainly for
microvascular complications, not for ASCVD (Figure 1). In
multivariate analysis, FH+ remained significantly associated
with diastolic dysfunction (adjusted odds ratio [aOR]: 4.16
[2.58-6.69]), retinopathy (aOR: 3.76 [1.94-7.28]), peripheral
neuropathy (aOR: 3.20 [2.02-5.05]), composite micro-
vascular complications (aOR: 1.93 [1.26-2.96]), and com-
posite macro- and micro-vascular complications (aOR: 1.83
[1.09-3.08]) (Figure 2).

In this study, we observed a higher proportion of
dyslipidemia and a history of smoking and alcohol in FH
+ compared to those in FH- group. Nevertheless, having
a family history of diabetes was independently associ-
ated with increased risks of developing chronic compli-
cations, especially diastolic dysfunction, retinopathy,
and peripheral neuropathy.

Despite some statistically significant differences in
baseline characteristics between FH+ and FH- subjects, it
was of no clinical significance. Indeed, we noticed that FH
+ patients in our study tended to drink alcohol and smoke
in comparison to those in FH- groups. This might
contribute to a higher prevalence of dyslipidemia® in FH
+, in addition to the known increased risk of dyslipidemia
possessed by having a family history of diabetes."”

FH+ was independently associated with micro-
vascular complications (retinopathy and neuropathy),
but not with any ASCVD. In line with previous studies,
FH+ was associated with retinopathy and neuropathy

but not with DKD*'%; and that family history of CAD or
stroke were stronger predictors for ASCVD than family
history of diabetes.'***

FH+ has been associated with younger onset of
diabetes, which was characterized by poor glycemic
control and more progressive complications.”** Off-
spring of T2DM has been reported to demonstrate
oxidative  stress  upregulation following  high-
carbohydrate challenge, in addition to dysregulated
antioxidative status, compared to those in the FH-
counterpart with similar metabolic profile.'>'®

Previous studies observed that systolic blood pressure
was associated with an increased risk of diastolic dys-
function.'”'® Interestingly, in our study, we found that FH+
was independent predictor of diastolic dysfunction despite
lower systolic blood pressure compared to those of FH-.
Based on our multivariate analysis, it seems that FH+
impact on diastolic dysfunction surpassed that of systolic
blood pressure. On further analysis, both groups had similar
proportions of patients having systolic blood pressure under
140 mmHg (61.6% vs. 54.2%, p=0.055) and 130 mmHg
(37.9% vs. 32.1%, p=0.113), implicating that clinically both
groups had similar blood pressure control which might also
explain our findings. The mechanism by which FH+ was at
higher risk of diastolic dysfunction might be due to
impaired cardiac endothelial glycocalyx, autonomic func-
tion and relaxation performance.'®"

Prior hyperglycemic exposure was reported to have
long-term effect, called “metabolic memory.”*° Patients
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FIGURE 2 Adjusted odds ratio (OR) (95% confidence interval) for FH+ to develop chronic complications, with FH- as reference group. Logistic
regression analysis was adjusted for age, sex, diabetes mellitus (DM) duration, alcohol and smoking history, systolic and diastolic blood pressure,
body mass index, HbAlc, low-density lipoprotein, triglyceride, and estimated glomerular filtration rate. ASCVD, atherosclerotic cardiovascular

disease.

with FH+, who were associated with younger onset age
and poor glycemic control,"* might be disadvantaged
from metabolic memory. Epigenetic mechanisms
have been thought of as the contributing factor.*

The unavailability of data regarding age of DM onset
and socioeconomic status was one of the limitations of this
study. Additionally, retrospective data extraction resulted
in some missing examination results. Further research
investigating whether FH+ has different epigenetic mech-
anisms, compared to FH-, as response to similar
environmental and metabolic factors is yet to be explored.

In conclusion, T2DM patients with a family history of
diabetes had an increased risk for having diastolic
dysfunction and microvascular complications. While in
the clinical setting this should imply a more rigorous
management for this group of patients, in terms of
research, further studies are needed to unravel the
underlying mechanism.
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