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Background and aims: Reproductive-aged women are prone to type 2 diabetes mellitus. This study aims
to evaluate the optimal cut off point of Triglyceride/Glucose Index for predicting glucose status con-
version among women of reproductive age.

Methods: This study involved normoglycemic and prediabetes women aged 2049 years from the Bogor
Non-Communicable Diseases Cohort Study (West Java, Indonesia) conducted from 2011 to 2016. Statis-
tical analysis was performed using Receiver Operating Characteristics curve analysis with STATA version
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Clucose Results: Among prediabetes subjects (n = 371), the cut-off point of TyG index for regression from pre-
Conversion diabetes to normoglycemic subjects was <4.51 [sensitivity, specificity, AUC (95%CI) 83.9%, 80.1%, 0913
Reproductive (0.875-0.943), respectively| and the cut-off point for progression from prediabetes to diabetes was »4.54
Women [80.0%, 73.1%, 0.858 (0.807-0.900)]. Among normoglycemic subjects (n = 1300), the cut-off point of TyG

index for progression to prediabetes and diabetes were >4.44 [80.1%, 71.1%, 0.834 (0.812-0.854)] and

=4.47 [80.6%, 80.8%, 0.909 (0.890-0.926)] respectively.

Conclusion: Based on sample of subjects evaluated between 2011 and 2016, TyG index appears to be a

promising marker for glucose status conversion among reproductive-aged women in Jakarta, Indonesia.
© 2021 Published by Elsevier Ltd on behalf of Diabetes India.

1. Introduction

gpe 2 Diabetes Mellitus (T2DM) is a maj blic health burden
[1]. Patients with T2DM have an increased TiSk of cardiovascular
disease, which is currently one of the leading causes of death and
health expenditures in the world. Thus, prevention of T2DM should
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be one of the top priorities, especially to countries with limited
health resources, including Indonesia. While the prevalence of
diabetes in Indonesia is 10.9%, the prevalence of prediabetes, a
precursor state of T2DM [2], has soared above 30% [3]. Without any
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Table 1
Baseline characteristics of the 1300 normoglycemic subject.
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Characteristics Conversion Status

No conversion

Progression to Prediabetes Progression to Diabetes

Age 6 (100%)

- 20—24 years 154 (83.7%)
- 2529 years 203 (83.9%)
- 3034 years 226 (79.0%)
- 3539 years 211 (69.2%)
- 40—44 years 188 (67.9%)
- 45—49 years

Occupation 714 (7540%)
- Housewife 209 (77.70%)

- Informal sector
- Formal sector

65 (77.38%)

Birth History Baby> 4 kg 854 (76.20%)
- Yes 52 (7120%)
- No 35 (8140%)
- Never Maternity

Contraceptive Method 198 (72.0%)

- Hormonal 658 (77.50%)
- Non-Hormonal

Menarche 19 (73.10%)
- =10 years 529 (76.00%)
-11—13 years 304 (75.80%)
-14—16 years 46 (7930%)
- =16 years

TyG Index

- 443 316 (62.20%)
- = 443 672 (B4.85%)
Total cholesterol

- =200 mg/fdl 368 (70.01%)
- < 200 mg/dl 620 (70.39%)
LDL

- =100 mg/fdl 759 (74.19%)
- < 100 mg/dl 229 (B267%)
HDL

- = 50 mg/dl 635 (79.28%)
- < 50 mg/dl 353 (70.74%)
BMI

- = 23 kg/m?* 632 (72.06%)
- < 23 kg/m? 356 (84.16%)
Waist Circumference

- = 80cm 458 (69.92%)
- < 80cm 530 (B2.17%)
Systolic

- = 120 mmHg 449 (69.08%)
- < 120 mmHg 530 (82.02%)
Diastolic

- = 80 mmHg 402 (68.84%)
- < 80 mmHg 586 (81.84%)

0 (0.0%) 0(00%)
30 (16.3%) 0(00%)
37 (15.3%) 2(08%)
56 (19.6%) 4(14%)
83 (27.2%) 11 (3.6%)
75 (27.1%) 14 (5.1%)
208 (21.96%) 25 (2.64.00%)
54 (2007%) 6(223%)
10 {2262%) 0(0%)
241 (2150%) 26(230%)
18 (24.70%) 3(4.10%)
8 (18.60%) 0(000%)
69 (25.10%) 8(290%)
171 (20.10%) 20 (240%)
7 (26.90%) 0(000%)
152 (21.80%) 15 (2.20%)
112 (21.50%) 14 (2.70%)
10 {1720%) 2(340%)
173 (34.06%) 19 (5.7%)
108 (13.64%) 12 (1.52%)
136 (2620%) 15 (2.89%)
145 (1857%) 16 (2.05%)
239 (2336%) 25 (244%)
42 (15.16%) 6(217%)
154 (1923%) 12 (1.50%)
127 (2545%) 19 (3.81%)
219 (2497%) 26 (2.96%)
62 (1466%) 5(1.18%)
173 (2641%) 24 (3.66%)
108 (16.74%) 7(1.00%)
172 (26 46%) 29 (446%)
100 (16.77%) 2(031%)
158 (27.05%) 24 (4.11%)
123 (17.18%) 7 (098%)

health intervention, approximately 30% of people with prediabetes
will experience diabetes within 5 years [4-G].

One of the priority group for diabetes prevention should be
women at reproductive age. One out of 10 women globally already
had diabetes and 2 out of 5 among them were in reproductive age.
Glucose homeostasis and insulin sensitivity differ between sex —
woimen are more prone to insulin resistance due to more adipose
tissue, lower skeletal muscle mass, and higher circulating free fatty
acid (FFA) compared to men [7]. Aside from that, previous studies
showed that women with T2DM have higher morbidity and mor-
tality due to cardiovascular disease. Hence, managing modifiable
risk factors to prevent prediabetes and T2DM during preconception
and pregnancy is an important strategy to prevent disease pro-
gression and future diabetic complications [1,8,9].

The intervention required to prevent diabetes might not be
accessible in all community setting in Indonesia due to limited
health facilities and human resources. Thus, focusing on a selected
high-risk group of people should be a priority for diabetes pre-
ventions. This can be achieved by stratifying the risk of prediabetes

progression to diabetes [10]. Given the fundamental role of insulin
resistance (IR) in the development of prediabetes and diabetes, a
simple and effective method to assess IR can be applied to predict
glucose status conversion at community level. Triglyceride/Glucose
Index (TyG Index) is a novel index for IR and can be easily applied in
community setting with limited health facilities [11-15].

Diabetes prevention among reproductive-aged women should
be a top priority. However, due to limitations in healthcare re-
sources, aggressive prevention should target those with higher risk
of progression. Our study aims to analyze TyG Index as a potential
marker in predicting the conversion of prediabetes to diabetes and
conversion of normoglycemic to prediabetes and diabetes among
reproductive-aged women.

2. Materials and methods
2.1. Study design and populations

This is a retrospective cohort study using secondary data from
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Table 2
Baseline characteristics of the 371 Prediabetes Subject.
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Characteristics Conversion Status

Regression to Normoglycemic No Progression to Diabetes
Conversion

- 2529 years 14 {48.3%) 11(37.9%) 4({13.8%)
- 3034 years 27 (57.4%) 9(19.1%) 11 (23.4%)
- 3539 years 28 (38.4%) 34 (46.6%) 11(151%)
- 40—44 years 48 (40.3%) 45 (37.8%) 26 (21.8%)
- 45—49 years 39(37.9%) 38 (36.9%) 26 (252%)
Occupation 121 (42.46%) 110 (38.60%) 54 (18.95%)
- Housewife 17(27.42%) 18 (29.03%) 17 (27.42%)
- Informal sector 7(2017%) 9(37.50%) 7(29.17%)
- Formal sector
Birth History Baby> 4 kg 4(21.10%) 11 (57.90%) 4(21.10%)
- Yes 142 (43.20%) 120 (36.50%) 67 (20.40%)
- No 4 (40,00%) 3 (30.00%) 3 (30.00%)
- Never Maternity
Contraceptive Method 120 (44.90%) 98 (36.70%) 49 (18.40%)
- Hormonal 21(35.0%) 22 (36.67%) 17 (2833%)
- Mon-Hormonal
Menarche 4 (36.40%) 5 (45.50%) 2{18.20%)
- =10 years 84 (40.20%) 76 (36.40%) 49 (23.40%)
- 11-13 years 58 (46.80%) 43 (34.70%) 23 (18.50%)
- 14—16 years 10 {37.00%) 13 (48.10%) 4({14.80%)
- =16 years
TyG Index
- > 454 42 (2515%) 62 (37.13%) 63 (37.72%)
- = 4.54 114 (55.88%) 75 (36.76%) 15 (7.35%)
Total cholesterol
- =200 mg/dl 77(37.75%) 77 (37.75%) 50 (2451%)
- < 200 mg/dl 79(47.31%) 60 (35.93%) 28 (16.77%)
LDL
- =100 mg/fdl 134 (41.61%) 119 (36.96%) 69 (21.43%)
- < 100 mg/dl 22 (44.90%) 18 (36.73%) 9(1837%)
HDL
- = 50 mg/dl 98 (48.51%) 76 (37.62%) 28 (13.86%)
- < 50 mg/dl 58 (3432%) 61 (36.09%) 50 (29.59%)
BMI
- = 23 kg/m?* 105 (36.33%) 112 (38.75%) 72 (2491%)
- < 23 kg/m? 51(62.20%) 25 (30.49%) 6(7.32%)
Waist Circumference
- = 80cm 83 (3532%) 86 (36.60%) 66 (28.09%)
- < 80cm 73 (53.68%) 51 (37.50%) 12 (8.82%)
Systolic
- = 120 mmHg 03 (35.63%) 104 (39.85%) 64 (24.52%)
- < 120 mmHg 63 (57.27%) 33 (30.0%) 14 (12.73%)
Diastolic
- = 80 mmHg 84 (3529%) 96 (40.34%) 58 (2437%)
- < 80 mmHg 72 (54.14%) 41 (30.83%) 20 (15.04%)

Bogor Mon-Communicable Diseases (NCDs) Cohort Study which
was conducted in five villages in Bogor, West Java, by the Ministry
of Health of the Republic of Indonesia. The subjects of the study
were recruited from 2011 to 2012 and the aim of the study was to
evaluate several risk factors that contribute to the development of
NCDs, such as T2DM, stroke, hypistension, and cardiovascular
disease [16]. This study has been approved by the Ethical Com-
mittee Board of the Faculty of Public Health Universitas Indonesia
with register number 271/H2-F10/PPM.00.02/2018.

We included reproductive-aged women (20—49 years) which
were normoglycemic and in prediabetes state whose data was
complete. Subjects who were pregnant; had T2DM or thyroid dis-
ease; cony/imed any drug that alter glucose and insulin metabolism
(such as angiotensin-converting enzyme inhibitors [ACEI], angio-
tensin receptor blockers [ARB], or thiazide diuretics), as well as any
drug that alter triglyceride, cholesterol, and HDL levels such as
statins were excluded.

2.2, Measurements

The primary outcome of this study was glycemic conversion
status of the subjects after 5 years of follow-up. We further divided
the subjects into two groups which were Normoglycemic (no
conversion and progression to be prediabetes or diabetes) and
Prediabetes (regression, no conversion, and progression to be
diabetes).

Baseline demographic characteristics were obtained using a
standard questionnaire. hropometric measurements were per-
formed by trained nurses dCcording to standardized methods. Body
weight was measured while the subjects were wearing light-
weighted clothes and recorded to the nearest 0.1 kg, whereas
body height was measured without shoes and recorded to the
nearest 0.1 cm. Body mass index (BMI) was calculated by dividing
body mass by the square of the body height [kg,’mz). BMI is divided
into <23 kg/m? (normoweight) and =23 kg/m? (overweight and
obese). Waist circumference measured circumferentially at the
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Fig. 1. ROC TyC Index Curve of Conversion Status on Prediabetes Subject. The cut-off point of TyC index for regression from prediabetes to normoglycemic status was <4.51 (A) and

the cut-off point for progression from prediabetes to diabetes status was =4.54 (B).
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Fig. 2. ROC TyG Index Curve of Conversion Status on Normoglycemic Subject. The cut-off point of TyG index for progression to prediabetes and diabetes were >4.44 (A) and

=447 (B).

midpoint between the lower rib margin (arcus costae) and the
upper iliac border. Measurements were made 2 times; when there
was a difference of more than 3 cm, then the mean of the 2 mea-
surements was taken as a result (the two closest measurements)
and then categorized into <80 cm (normal) and >80 cm (elevated).
Blood specimens were drawn after at least 8 h of overnight fasting.
Routine laboratory tests which wetgfasting plasma glucose (FPG),
oral glucose tolerance test (OGTT), total cholesterol (TC), triglycer-
ide (TG}, high-density lipoprotein cholesterol (HDL-C), and low-
density lipoprotein cholesterol (LDL-C} were measured using
standardized method and commercial reagents in a qualified
laboratory.

2.3. Definitions

Diabetes was defined as FPG level =126 mg/dL (7.0 mmol/L), 2-h
plasma glucose following an OGTT =200 mg/dL (111 mmol/L),
random blood glucose >200 mg/dL (11.1 mmol/L), or HbAlc = 6.5%.

Prediabetes comprises of any of the following three parameters:
impaired fasting glucose (IFG), impaired glucose tolerance (IGT),
and elevated glycated hemoglobin (HbA1c) [2]. IGT was defined as
OGTT of 140—199 mg/dL (7.8—11 mmol/L) and [FG was defined as
FPG level of 100—-125 mg/dL (5.6—7.0 mmol/L). Subjects with
HbA1lc ranged 5.7—6.4% were classified as prediabetes.

TyG Index is calculated by the following formula [11].

TyGIndex = Ln (fasting glucose (mg/dL) x triglycerides (mg/dL)/
2).

2.4. Statistical analysis

The datawere analyzed using STATA version 15 (College Station,
Texas 77845 USA) and presented in values (percentage) for cate-
gorical data. The cut-off point for TyG Index predictive value on
glucose status conversion was analyzed using Receiver Operating
Characteristics (ROC) curve and determined by optimum values of
sensitivity and specificity.
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3. Results

A total of 1300 normoglycemic subjects (Table 1) and 371 pre-
diabetes subjects (Table 2) were included in this study. After 5 years
of follow up, among prediabetes subjects, 42.05% (156/371)
regressed to normoglycemic, 36.93% (137/371) remained in pre-
diabetes state, and 21.02% (78 /371) progressed to diabetes. Among
normoglycemic subjects, 2.38% (31/1300) progressed to diabetes,
21.62% (281/1300) progressed to prediabetes state, and 76% (988/
1300) remained in normoglycemic state.

In prediabetes group, the percentage of subjects who had
regression to normoglycemic state decreased with age; and the
percentage of subjects who had progression to diabetes increased
with age. Likewise, in normoglycemic subjects, the percentage of
subjects who did not experience conversion decreased with age;
and the percentage of subjects experienced progression to diabetes
increased with age. Another concern was in prediabetes group aged
30—34 vyears, 23.4% of the subjects experienced progression to
diabetes and only 19.1% remained in prediabetes state. These were
possible because there are many subjects in that age range who
were pregnant which triggered an increase in body fat composition.

In prediabetes subjects, the highest proportions of regression to
normoglycemic were those who were self-employed (43.50%) and
married (42.60%). Most of prediabetes subjects experiencing the
progression to diabetes were non-domestic workers (2.40%). In
normoglycemic subject, the highest proportion of subjects with
progression to diabetes was in subjects with history of menarche at
the age of 16 years old and above (2.70%). The largest proportion of
prediabetes subjects with regression to normoglycemic state was
those with hormonal contraceptive methods. Otherwise, majority
of subjects progressed to diabetes were using non-hormonal con-
traceptive methods. In normoglycemic subjects, the largest pro-
portion of subjects who progressed to diabetes was subjects using
hormonal contraceptive methods. The results of this study indicate
that the impact of the contraceptive method on blood glucose is not
consistent.

Based on ROC analysis among prediabetes subjects, the cut-off
point of TyG index for regression from prediabetes to normogly-
cemic status was =4.51 [sensitivity, specificity, AUC (95%Cl) 83.9%,
80.1%, 0.913 (0.875—0.943), respectively] and the cut-off point for
progression from prediabetes to diabetes status was >4.54 [80.0%,
73.1%, 0.858 (0.807—-0.900)] (Fig. 1). Based on ROC analysis among
normoglycemic subjects, the cut-off point of TyG index for pro-
gression to prediabetes and diabetes were >4.44 [80.1%, 71.1%,
0.834 (0.812—0.854)] and =447 |[B80.6% 80.8%, 0.909
(0.890—0.926)] respectively (Fig. 2).

About 55.8% of prediabetic subjects who had regression to
normoglycemic had TyG index =4.54, normal lipid profile, normal
systolic and diastolic blood pressure, and higher HDL compared to
those who progressed to diabetes. Likewise, in the normoglycemic
subjects, the majority of normoglycemic subjects who had no
glucose status conversion (84.58%) had TyG index <4.43, normal
total cholesterol and LDL, normal systolic and diastolic blood
pressure, and high HDL.

4. Discussion

Our study observed that among reproductive-aged women, the
TyG Index was a good diagnostic marker not only for prediabetes
progression to diabetes but also for regression to normoglycemic
state. In our study population, the TyG Index was also good at
determining progression from normoglycemic state to prediabetes
and diabetes.

Our findings were in parallel with previous study which re-
ported that high FPG and high serum fasting triglycerides were

w
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independent predictors of the progression from prediabetes to
diabetes, whereas normal FPG and low serum fasting triglycerides
were independent predictors of regression from prediabetes to
normoglycemic state. Both FPG and triglycerides were used in the
development of TyG index formula [17]. Thus, using TyG index,
which is a surrogate marker of insulin resistance, might better
predict the progression or regression of glycemic status rather than
using each parameter separately.

The high accuracy of TyG index in predicting glycaemic status
conversion was in accordance with its high predictive walue
compared to Hyperinsulinemic-Euglycemic Clamp (HEC) in previ-
ous study [11]. TyG Index was also found to be strongly correlated
with Homeostasis Model Assessment of Insulin Resistance (HOMA-
IR) [22], a commonly used formula for assessing insulin resistance
in clinical practice [ 11,18]. The use of TyG at community level will be
much more simple than HEC and HOMA-IR. The TyG index can
potentially be used to stratify high-risk group among those with
normoglycemic and prediabetes state, hence intensive intervention
can be performed. This can potentially beneficial as in many Low-
to-Middle-Income Countries (LMICs), including Indonesia, the
already limited healthcare funding for T2DM prevention can be
focused on those high-risk group of people.

The accuracy of TyG index for predicting glycaemic conversion
status might be related with the fact that the formula not only
including the FPG as glycaemic parameter but also TG, which is a
surrogate marker for insulin resistance-associated changes in lipid
metabolism. Hypertriglyceridemia causes high FFA transport to the
liver resulting in high hepatic glucose output. High plasma FFA
concentrations also decrease insulin response of skeletal muscle
and liver [19,20]. Lipotoxicity caused decreased expression of pro-
liferator activator vy co-activator 1o (PGC-1at), which has an active
role on regulation of muscle mitochondrial function as a response
to the lipid levels [21,22]. FFA also directly alter the insulin signal-
ling cascade, decrease activation of insulin-1 receptors, and decreae
phosphatidylinositol-3 kinase activity. It is important to maintain a
normal triglyceride level to improve the insulin sensitivity and
prevent the conversion of prediabetes into diabetes [23].

After 5 years of follow up in our study, 21.62% of normoglycemic
subjects progressed to prediabetes state and 2.38% progressed to
diabetes. Among prediabetes subjects, 21.02% progressed to dia-
betes. Previous studies reported that people with prediabetes will
experience conversion to diabetesin 4—10 years with a risk of 25%—
65% compared to people with normoglycemic which are only 5%
[24—26]. Our results showed lower progression compared to the
study among Asian Indian women, which reported that 26.9%
normoglycemic subjects converted to prediabetes and 20.1% pro-
gressed to diabetes. Among those with prediabetes subjects in their
study, 60.8% converted to diabetes and 15.2% regressed to normo-
glycemic state. The differences may be caused not only by their
longer period of follow up (10 years) compared to our study but
also differences in race [27]. It is also important to note that in our
study population, more than 42% of subjects with prediabetes
regress to normoglycemic. This finding was relatively higher in
comparison to previous study. Despite not being assessed in our
study, the presence of NCDs health post (Posbindu PTM) in our
study area which provided education among those with predia-
betes and diabetes might contribute to this finding.

This study has some limitations. There might be some differ-
ences of the results in Indonesian population considering the
country's high ethnic diversity. Second, the follow-up in this study
was done in a relatively short period of time of 5 years. Neverthe-
less, our study is the first community-based large-scale longitudi-
nal study in Indonesia.

In summary, the TyG index is a good marker for predicting
glucose conversion among reproductive-aged women at
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community setting in Indonesia. Further multicenter studies
involving different ethnicities and longer follow-up period are
needed to confirm the performance of TyG Index.
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