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Positive parental history of diabetes is
associated with early diagnosis, better dietary
compliance, and glycemic control among type
2 diabetes patients in southern Sri Lanka
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Abstract

Background Parental history of diabetes is an established risk factor for type 2 diabetes mellitus (T2DM). There

is limited data on the association of parental history with the prevalence of T2DM in Sri Lanka. The study aims to
examine the prevalence and correlation of parental history and factors such as the onset age, glycaemic control, and
self-reported dietary compliance among T2DM patients. With a rising incidence of T2DM in Sri Lanka, understanding
the impact of parental history on age at diagnosis and glycemic control can aid in targeted screening and
interventions.

Methods A cross-sectional study was carried out on 500 T2DM patients attending a diabetes clinic in Galle, the
capital of Southern Sri Lanka with a multiethnic population. Convenient sampling strategy was followed in the
recruitment process and a questionnaire-based method was used to collect the data. All the collected data was
analysed using SPSSV 25.0.

Results 51.2% had a parental history of T2DM, and those with a positive parental history were diagnosed six years
earlier than those with a negative parental history (p <0.001). A significant correlation between parental history
and gestational diabetes mellitus (GDM) was observed (p < 0.001). Patients with a parental history reported better
dietary adherence (p <0.001). Binary logistic regression analysis revealed patients with positive parental history had
significantly lower HbA; - (p=0.003, OR=0.748).

Conclusion T2DM patients with a parental history showed significant association with early diabetes onset, GDM,
better glycemic control, and dietary adherence.

Keywords Age at diagnosis, Dietary compliance, Gestational diabetes mellitus, Glycemic control, Parental history,
Type 2 diabetes mellitus
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Background

Type 2 diabetes mellitus (T2DM) has become a crucial
health concern worldwide having a significant impact on
human life and healthcare costs. Having been diagnosed
with diabetes has a negative impact on one’s functional
capabilities and quality of life thereby leading to signifi-
cant morbidity and premature deaths [1]. In 2000, it was
evaluated that diabetes affected approximately 171 mil-
lion people worldwide; by 2011, this number had grown
to more than 366 million, and the numbers are expected
to surpass 552 million by the year 2030, reflecting a con-
tinuous increase across all regions around the globe [2].
In 2017, diabetes alone accounted for more than 10 lakh
deaths every year, making it one of the top 10 diseases
leading to mortality. This increase is alarming compared
with that in 1990 when T2DM was ranked as the 18th
prime cause of death [1]. The recent literature reveals
that individuals younger than 60 years account for more
than one-third of deaths related to diabetes [1].

The implication of diabetes mellitus, both in terms of
prevalence and adult numbers with T2DM, has signifi-
cantly become higher in developing nations in contrast to
developed countries [3, 4]. Approximately 75% of people
with diabetes live in developing nations, with the vast
majority believed to remain undiagnosed [5]. T2DM is a
widespread epidemic in Asia characterized by a speedy
increase in shorter periods and emergence at a relatively
early age among individuals with lower body mass indi-
ces as compared to those in developed countries [6]. By
2030, the number of adult diabetes cases are expected to
be as high as 113 million and by 2045 it will be almost
151 million in Southeast Asia [7]. A recent meta-analysis
of 1.7 million adults found that the prevalence of diabetes
increased in both rural and urban India from 2.4% to 3.3%
in 1972 to 15.0% and 19.0%, respectively, in 2015-2019
[5]. A meta-analysis in 2016 analysing 77 Chinese stud-
ies revealed that the prevalence rates of T2DM as 11.4%
in urban China and 8.2% in rural China [8]. Sri Lanka is
a low- and middle-income country with twenty-one mil-
lion individuals in South Asia that is facing substantial
transformations such as ageing, obesity, urbanization,
and decreased opportunities for exercise, which all con-
tribute to a growing epidemic of diabetes [9]. According
to Rannan-Eliya et al. (2019), 23.0% of adults in Sri Lanka
have diabetes, making it the country with the highest
prevalence of this disease in South Asia [7]. Furthermore,
the same study showed that despite reachable access to
healthcare services, greater than one-third of Sri Lankan
adults suffering from diabetes remained undiagnosed. A
meta-analysis in 2022 revealed that the pooled T2DM
prevalence in Sri Lanka is the greatest in the most recent
era of 2011-2021 (17.25%) than in the 2000s (11.84%)
and 1990s (5.62%), showing an alarming growth over the
last three decades [10]. Moreover, the same meta-analysis
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showed that nearly three out of every four people with
T2DM are unaware they have the illness [10].

A variety of genetic, behavioral, demographic, and
psychosocial factors have been implicated in the etiol-
ogy of T2DM. Genetic predispositions to T2DM have
been known for a long time and are the focus of related
research in different settings [11]. Scott R et al. found that
family history of T2DM remains a strong and indepen-
dent risk factor even after adjusting for established risk
factors such as unfavorable anthropometric and lifestyle
variables [12]. Studies amongst various ethnic groups
have reported a relation between positive family his-
tory and the risk of diabetes which increases by two- to
sixfolds [13]. In 2017, Viner et al. reported that 60% of
mothers with a younger onset had either of their family
and 30% had either of their grand family suffering from
diabetes [14]. An Indian study carried out on the popula-
tion with a family history inferred that the average age of
onset of T2DM was 55.95 years in the first generation and
38.4 years in the second generation respectively [15]. Dia-
betes and family history had a graded association in the
Sri Lankan population, because the incidence increased
with the growing number of generations afflicted, and
the prevalence was highest when family history was posi-
tive for both parents (32.9%).® Another Sri Lankan study
indicated that individuals with a positive family history
were 3.5 times more likely to get the disease [16].

Although there is ample evidence for the familial asso-
ciation and T2DM in other parts of the world, there is
a relative scarcity of Sri Lankan data on this topic. Sri
Lankan studies on the association between parental his-
tory, disease onset, and metabolic control were not avail-
able in the literature. With an increasing prevalence of
T2DM and undiagnosed cases in Sri Lanka, understand-
ing the impact of parental history on age at diagnosis
and glycemic control would allow targeted screening and
interventions. Therefore, our study aimed to study the
prevalence of parental history (either maternal or pater-
nal and both parents) and prospect the associations of
parental history with age at diagnosis of diabetes, ges-
tational diabetes mellitus (GDM), intensity of glucose
control, and self-reported dietary and drug compliance
among patients with T2DM in Sri Lanka.

Methods

Study design and setting

The study was cross-sectionally designed and con-
ducted among previously diagnosed patients with T2DM
attending an Outpatient Diabetes Clinic in southern Sri
Lanka between August 2022 and January 2023. STROBE
checklist for cross-sectional studies was considered
in designing the experimental protocol of the study.
The Outpatient Diabetes Clinic, at Cooperative Hospi-
tal, Galle was held on three days per week having 1020
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registered number of T2DM patients during the study
time. Generally, patients can establish care at the Clinic
either through external referral or self-referral.

The necessary Ethics Committee approval was
obtained from the Institute. Written informed consents
were also obtained from each patient before the study
commencement.

Sample size and patients
The sample size was determined with the prevalence of
T2DM in Sri Lanka as 23% and the margin of error of
3.8% [7].

n=Z7°P (1-P) / W?

where, n=minimum sample size, Z=1.96 (for 95% con-
fidence interval). The calculated minimum sample size
was 471, hence the final sample size was kept at 500 to
make allowance for missing data. A total number of 500
patients with T2DM who were aged more than 18 years
were enrolled for the study. Patients with T1DM, newly
diagnosed T2DM patients of less than three months,
with viral hepatitis-like illness in the past, with cirrho-
sis or who were taking medications for any chronic liver
disease, with a self-reported history of alcohol intake, or
who were pregnant or lactating fell into the exclusion cri-
teria of the study. Considering these inclusion and exclu-
sion criteria, every consecutive subject (regardless of
gender) in the Diabetes clinic Register was recruited until
the required sample size was achieved.

Data collection

The data, including demographic and disease-related
data, were collected using interviewer-administered
questionnaires. Each study participant was directly ques-
tioned if any of their parents (alive or deceased) had
their diabetes diagnosed by any medical doctor. It was
enquired from the female participants whether they had
been diagnosed with GDM during any of their pregnan-
cies. Patients with maternal diabetes, paternal diabetes,
or both maternal and paternal diabetes were considered
separately. Self-reported dietary and drug compliance
was checked using a visual analogue scale ranging from
0to10[17,18].

Both systolic and diastolic blood pressures (SBP/DBP)
were recorded and the mean of three consecutive mea-
surements were taken five minutes after the patients
were in a sitting position. SBP>140 mmHg and DBP>90
mmHg were termed as hypertensive.

The enrolled patients were subjected to biochemical
investigations, which included measuring glycosylated
hemoglobin (HbA,-), high-density lipoprotein choles-
terol (HDL-C) levels, total cholesterol (TC), and tri-
glyceride (TG). Assessment of HbA,- was done using
high-performance liquid chromatography having a fully
automated analyser (BIORAD D analyser, USA). Lipid

Page 3 of 7

profile parameters were estimated on a fully automated
analyser based on spectrophotometric principles (Huma
star —600 HS- Germany). The Friede-Wald equation was
used for calculating low-density lipoprotein cholesterol
(LDL-C). An identification number was given to each
study subject at the time of collection of their data. All
the data collected during the study were stored on one
of the investigators’ laptops and in a data repository with
respect to their identification numbers. The data were
not shared with persons other than the investigators of
the study, and all the investigators had access to the data
repository.

Statistical analysis

Descriptive statistics were applied for the data set in
terms of meantstandard deviation (SD) and frequency
(percentages). The selected characteristics: continuous
data, between the study subjects with parental history
and without the parental history were compared using
student’s unpaired t-test. Categorical data were com-
pared using the chi-square test. Association of age, age
at disease onset, dietary compliance, and HbA, - with dif-
ferent groups according to parental history; maternal dia-
betes, paternal diabetes, or both maternal and paternal
diabetes, was assessed using One-way ANOVA followed
by Tukey’s test. Association between parental history and
the selected parameters was assessed via binary logistic
regression model in terms of odds ratios (ORs) with 95%
confidence intervals (CIs). In the model, age, age at onset
of T2DM, dietary compliance, and HbA, - were indepen-
dent variables whereas the presence or absence of paren-
tal history was the dependent variable. SPSS version 25.0
conducted the statistical analysis, with a significance
threshold set at p<0.05.

Results

The average age of the entire study sample (n=500) was
60+t11 years, and females constituted 60.6% (n=303) of
the participants. A greater proportion of patients had
good self-reported dietary and drug compliance (self-
reported score 7 or above), at 37% and 92%, respectively.
Overall, 67.2% of the patients were receiving drug treat-
ment for hypertension, and 82.2% were taking medica-
tion for dyslipidemia. All these basic characteristics are
stated in Table 1.

Of the studied patients, A family history of T2DM was
observed in 51.2%, with 31% from the maternal side,
12% from the paternal side, and 8% having both par-
ents affected. Importantly, those with a family history
of diabetes were diagnosed with T2DM at an earlier age
(Table 2). T2DM patients with a positive parental history
demonstrated better glycaemic control, as evidenced by
lower HbA - levels, than those without such a history.
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Table 1 Baseline characteristics of the study subjects
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Table 3 Factors associated with patients with a positive parental

Characteristic Total (n=500) history
Gender (%) of women 303 (60.6) Variable OR 95% Cl p-value
Mean+£SD age (years) 60+11 Age (years) 0.956 0.932-0.981 0.001
Mean£SD age at onset of T2DM (years) 49+ 11 Age at onset of T2DM (years) 0.980 0.955-1.007 0.140
Dietary compliance Dietary compliance
Number (%) of good (score >7) 185 (37.0) Poor (score<?2) 0.876 0.536-1.1432 0.597
Number (%) of moderate (score 6—3) 183 (36.6) Moderate (score 6—3) 0.739 0.477-1.145 0.175
Number (%) of poor (score <2) 132 (26.4) HbA, - (%) 0.748 0.619-0.904 0.003
Drug compliance HbA,; glycated hemoglobin, T2DM; type 2 diabetes mellitus
Number (%) of good (score >7) 460 (92.0)
Number (%) of moderate (score 6-3) 3617.2) differ between the groups of patients with maternal dia-
Number (%) of poor (score < 2) 4(0.8) .
Number (%) with hypertension 336 (672) bfetes, paternal diabetes, or both maternal and paternal
Number (%) with dyslipidemia 411(82.2) dlabetes‘. L. . .
Mean+SD HbA, . (%) 75410 The binary logistic regression model explained 14.2%

HbA,¢; glycated hemoglobin, T2DM; type 2 diabetes mellitus

Amongst the 303 females, 261 have undergone preg-
nancy and 248 females had children. Of all females, 51
(16.8%) had GDM, and among the females with GDM,
35 (68.6%) had a positive parental history, including sig-
nificant higher cases of maternal (56.9%) than paternal
(7.8%) or both maternal and paternal (3.9%). (X*>=12.360,
p=0.006).

The results of ANOVA revealed that there was a dif-
ference in the mean age at disease onset between
the different groups according to parental history (F
(2,253)=5.790, p=0.003) which was statistically signifi-
cant. According to the post hoc analysis, the group of
patients with both parental history of diabetes had a sig-
nificantly lower mean age at diagnosis (4112 years) than
did the T2DM patients with maternal diabetes (4711
years) or paternal diabetes (48+10 years). However, age,
dietary compliance, and HbA;- did not significantly

(Nagelkerke R?) of the positive parental history of T2DM
patients and correctly classified 64.0% of the patients.
Age and HbA - were significantly and positively associ-
ated with active parental history in patients with T2DM
(Table 3).

Discussion

This cross-sectional study involving 500 patients with
T2DM revealed several important findings on the genetic
associations of the rapidly escalating diabetes epidemic.
All the other T2DM patients (51%) had a parental his-
tory, the maternal being the most common (31%), fol-
lowed by paternal history (12%), and both parents with
T2DM (8%). Moreover, those with a parental history of
diabetes were diagnosed with T2DM six years younger
than those without a parental history (46x11 years vs.
52+10 years, p=0.05). Of the 303 females included in
this study, 51 (16.8%) had a history of GDM. A correla-
tion was observed between GDM history and T2DM
positive parental history (p=0.006) which was significant.

Table 2 Characteristics of the patients with and without parental history

Characteristic

Study subjects with parental his-

Study subjects without parental  p-

tory (n=256) history (n=244) value

Gender (%) of women 165 (64.5) 138 (56.6) 0.549
Mean £ SD age (years) 57+11 64+10 <0.001
Mean £SD age at onset of T2DM (years) 46+ 11 52+10 <0.001
Dietary compliance <0.001

Number (%) of good (score >7) 96 (37.5) 89 (36.5)

Number (%) of moderate (score 6—3) 88 (34.4) 95 (38.9)

Number (%) of poor (score < 2) 72 (28.1) 60 (24.6)
Drug compliance 0.599

Number (%) of good (score > 7) 235(91.8) 225(92.2)

Number (%) of moderate (score 6—3) 19 (7.4) 17 (7.0)

Number (%) of poor (score < 2) 2(0.8) 2(0.8)
Number (%) with hypertension 165 (64.5) 171 (66.8) 0.675
Number (%) with dyslipidemia 215 (84.0) 196 (76.6) 0.144
Mean = SD HbA, - (%) 7410 76+10 0.042

HbA,; glycated hemoglobin, T2DM; type 2 diabetes mellitus
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Among females with diabetes, a significantly greater per-
centage (56.9%) had a positive maternal history than had
a positive paternal history (7.8%). Of the 51 females with
a history of GDM, only four had diabetes. We also found
that those with a positive parental history had signifi-
cantly better glucose control, as measured by HbA, - and
self-reported dietary compliance.

A strong link between T2DM and parental history
(51%) was supported by several previous studies [19-
23]. According to an Indian study, 52.5% of patients
with T2DM had a parental history [19]. Like this study,
many previous studies have shown a strong relationship
between diabetes in mother and offspring [19, 22-25].
According to Papazafiropoulou et al. in Greece, the prev-
alence of maternal diabetes was threefold greater com-
pared to fathers of patients with T2DM [24]. As reported
by Evuru et al. in India, 23.2% of patients had a diabetic
mother, 19.4% had a paternal, and 5.6% had both dia-
betic [19]. A study performed by Crispim et al. in Bra-
zil showed that diabetes in mothers was approximately
twice as common as diabetes in fathers [22]. These stud-
ies revealed that a maternal history of T2DM was more
prevalent among individuals diagnosed with T2DM than
among those with a paternal history.

The group having a parental diabetic history was diag-
nosed with T2DM six years younger than the group with
no history. Early age at diagnosis of T2DM among those
with a parental history of diabetes has been reported in
previous studies conducted in other countries [11, 20,
24-26]. Bruce et al. showed equivalent results in which
patients with a parental history of diabetes developed
T2DM five years earlier than their counterparts having
no parental history [20]. Additionally, the conclusions
of this study indicate that individuals with both parental
history of diabetes exhibited a significantly lower mean
age of onset of T2DM (41%12 years) than individuals
with only maternal diabetes (47+11 years) or paternal
diabetes (48+10 years). A Chinese study revealed that
parental T2DM was associated with early-onset disease,
and the ORs were 2.866 for both parents with T2DM,
2.738 for paternal T2DM, and 1.536 for maternal T2DM
[24]. According to the literature, a family history is linked
with the earliest onset of the disease, followed by a pater-
nal history [20, 24]. However, there was no correlation
between diabetes incidence or history of paternal T2DM
compared to maternal T2DM.

In parallel with the increase in T2DM incidence, the
incidence of GDM is seen to be increasing in the popula-
tion [26]. According to a systematic review, one in every
ten pregnant women in Eastern and Southeast Asia had
GDM [27]. In this study, it was observed that there was
a substantial connection between family history and
GDM. Several previous studies have shown that a familial
occurrence of diabetes among primary relatives is a risk
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factor for GDM. The risk is highest when the family his-
tory is positive for both parents [26, 28, 29]. However, the
significantly high incidence of maternal history of T2DM
in patients with GDM observed in this study is not con-
sistent with the literature and is currently a subject of
debate [26].

Patients with a positive parental history in this study
had better self-reported dietary compliance and lower
HbA,.. No significant differences were observed in
diabetes compliance or metabolic control among indi-
viduals with a positive parental history of T2DM when
subgroup analysis was conducted based on the type of
parental T2DM. The better dietary compliance and gly-
cemic control of patients with a positive parental his-
tory in this study may be attributed to their similar living
environment, as well as being more vigilant and aware
of diabetes, resulting in better adherence and control.
The same living environment and shared expectations of
both parents and children may accelerate parental efforts
to improve T2DM incidence and patient adherence to
dietary interventions to improve glycemic control. In
contrast, many previous studies have shown a negative
association between family history and glycemic control
[20, 30, 31]. However, Cheung et al. reported similar find-
ings to those of this study, with 86,931 patients from 11
Asian countries reporting lower HbA - among patients
with a positive parental history as compared to those
with a negative parental history [32].

Enrolling every consecutive subject (regardless of
gender) in the Diabetes clinic Register was practiced in
the present study and therefore it mitigated the sam-
pling bias. Even though there are previous studies from
Sri Lanka on family history of diabetes, in this study,
we went beyond that to find out the association, which
is clinically relevant for the management of patients.
We believe our findings of early onset of T2DM among
patients with parental history would enable clinicians to
subject such patients to early screening. As described in
the recent meta-analysis, 75% of previously undiagnosed
diabetes in Sri Lanka can be mitigated by early screening
of people with positive parental histories. Healthcare sys-
tems must be improved to ensure easy access to screen-
ing services for high-risk people. At the community level,
appropriate and intensive educational programs for high-
risk individuals with a positive parental history should
be organized. Furthermore, a parental history of T2DM
is a dominant risk factor for developing GDM. A paren-
tal history of T2DM should be taken as a strong risk fac-
tor, and appropriate measures should be taken during the
preconception period and early pregnancy to minimize
fetal and maternal complications due to GDM.

Considering its limitations, the findings of this study
must be considered. The female patient percentage in
the group accounted for 60.6%, which could cause a
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result bias. Secondly, details of the family history of dia-
betes were collected based on patient memories about
their family history. Drug and dietary compliance were
assessed using a visual analogue scale, which is not a
validated tool. The study was conducted at a single cen-
ter, and the participants were predominantly from urban
areas in southern Sri Lanka. Therefore, generalizability
of the present study findings for all Sri Lankans is ques-
tionable. Future studies on T2DM patients who represent
several localities around the country are warranted.

Conclusions

The current study centers on the notable impact of fam-
ily history on the rising global occurrence, onset of age,
self-reported dietary adherence, and long-term glucose
control in patients with T2DM in a South Asian coun-
try amid the pandemic. These findings will be useful for
screening and managing patients with diabetes. The sig-
nificant association between maternal history of T2DM
and GDM observed in this study warrants additional
research since this association is currently under debate.
Furthermore, we suggest maintaining a register in mater-
nity care centers of females with GDM and following
up on their offspring with the aim of early screening for
T2DM as a potential way to detect the disease early.
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