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Abstract

Introduction: Among individuals diagnosed with type 2 diabetes, the family medical
history remains an independent risk factor for elevated blood pressure. In fact, the in-
dividual effect of diabetes on the risk of hypertension could not truly reflect the actual
effect of exposures, and there might be an interaction with a family history of hypertension.
The coexistence of these two factors may synergistically increase the risk of hypertension,
leading to adverse health outcomes. This study aimed to examine the effect of the additive
interaction between a family medical history of hypertension and diabetes on the diagno-
sis of hypertension among individuals aged 45 years and older in India. Methods: The
study used data from the Longitudinal Ageing Study in India (LASI) Wave 1 (2017–2018),
comprising a total sample size of 58,667 individuals aged 45 years and above. An additive
model was employed to estimate the interaction effect of the family medical history of
hypertension with diabetes on the diagnosis of hypertension by calculating three measures
of additive interaction: the relative excess risk due to interaction (RERI), attribution propor-
tion (AP), and synergy index (S). Results: Individuals with a history of both the parents
and siblings had an AOR (adjusted odds ratio) of 2.1 and 3.3 for hypertension. In the
adjusted model, the RERI, AP, and S for hypertension were 3.09 (95% CI: 1.28–4.89), 37.0%
(0.37; 95% CI: 0.22–0.52), and 1.73 (95% CI: 1.31–2.27), respectively, which indicates that
there is a significant positive interaction effect between a family history of hypertension
and diabetes on the diagnosis of hypertension. Conclusions: The study findings strongly
indicate that a family medical history of hypertension and diabetes has a significant and
positive interaction effect on the risk of hypertension. Therefore, it is imperative to consider
both the family history and diabetes in hypertension risk assessments and develop targeted
primary and secondary prevention strategies for specific vulnerable subpopulations.

Keywords: additive interaction; synergistic effect; family medical history; hypertension;
diabetes; middle-aged and older adults; longitudinal aging study in India

1. Introduction
High blood pressure is the leading heritable risk factor for cardiovascular disease [1].

Twin and family studies have estimated the heritability of hypertension, ranging from
30% to 60% [2–4]. The genetic inheritance of hypertension is predominantly multifacto-
rial, influenced by environmental factors such as high salt intake and a lack of physical

Healthcare 2026, 14, 3538 https://doi.org/10.3390/healthcare14203538

https://crossmark.crossref.org/dialog?doi=10.3390/healthcare14203538&domain=pdf&date_stamp=2026-10-20
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/healthcare
https://www.mdpi.com
https://orcid.org/0000-0002-9414-4309
https://doi.org/10.3390/healthcare14203538


Healthcare 2026, 14, 3538 2 of 21

activity [5,6]. A recent study indicated that family history is an influential factor for the
risk of developing hypertension [2]. Specifically, a family history of hypertension serves
both as a predictor and a risk factor for hypertension [7]. Additionally, prior research has
confirmed the familial aggregation of blood pressure [8]. Previous studies have shown that
the prevalence of hypertension increases with the number of affected family members, and
individuals with hypertensive first-degree relatives are at a higher risk of developing hy-
pertension compared to those with hypertensive second-degree relatives [9,10]. Moreover,
the consistent association of blood pressure between mothers and their offspring suggests
that mothers may play a crucial role in the primary prevention of hypertension [8].

Genome-wide association studies (GWASs) on blood pressure variability [11] and
longitudinal blood pressure traits [12] have identified novel loci associated with these
traits [11,12]. In a recent study, within a multiancestry cohort comprising more than
21,000 US adults, the genome-wide systolic blood pressure (SBP) polygenic risk score (PRS),
computed using the 1.08 million variants identified from SBP genome-wide association
studies (GWASs), has shown a significant association with blood pressure (BP) traits and
adverse cardiovascular events [13]. Notably, a one-standard-deviation (SD) increase in the
SBP PRS was found to be significantly associated with elevated SBP and an increased risk
of hypertension [13]. Moreover, the SBP PRS showed an association with a seven percent
increase in the 10-year risk of incident cardiovascular events after adjusting for traditional
cardiovascular risk factors [13].

In a prior study, individuals with diabetes were observed to have a notably elevated
incidence of hypertension [14]. According to a prior study based on National Health
and Nutrition Examination Survey (NHANES) data, it was found that during the period
of 2011–14, 36.6% of adults with prediabetes had hypertension. Furthermore, between
1988–94 and 2011–14, there was a notable rise in the prevalence of hypertension among
adults with prediabetes, with an increase of 9.7 percentage points [15]. Additionally,
a previous study demonstrated that diabetes is significantly associated with an elevated
risk of cardiovascular disease (CVD), and risk is further increased with the coexistence of
hypertension [16].

High blood pressure is a leading risk factor for coronary heart disease, heart failure,
and stroke [17–19]. Notably, a recent study utilizing Mendelian randomization analysis
revealed positive causal associations for higher blood pressure in 14 cardiovascular con-
ditions, including ischemic heart disease (IHD) and stroke [20]. Additionally, the study
demonstrated that the genetically predicted blood pressure was found to be positively
associated with total cardiovascular diseases (CVD) [20].

High blood pressure is a heritable trait [21]. Moreover, a prior study has shown that in
individuals diagnosed with type 2 diabetes, family history remains an independent risk
factor for elevated blood pressure [22]. Additionally, in a previous study, a family history of
hypertension and diabetes or impaired glucose tolerance were found to be independently
associated with an increase in mean blood pressure [23]. The positive family history of
hypertension among individuals with diabetes is likely to be an underestimate, particularly
for hypertension, which may often remain subclinical with damage to target organs. In
fact, the individual effect of diabetes on the risk of hypertension could not truly reflect
the actual effect of exposures, and there might be an interaction with the family history of
hypertension, which may lead to synergistic effect on the risk of hypertension. This study
examines the interaction on an additive scale to determine whether the combined effect of
a family medical history of hypertension and diabetes on the risk of hypertension is greater
or smaller than the sum of their individual effects. Assessing the interaction on an additive
scale has relevance to public health because it would identify subgroups in which targeted
preventive interventions could potentially have greater impact. With the prevalence of
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hypertension and diabetes continuing to increase, particularly in low- and middle-income
countries (LMICs) where healthcare resources are often constrained, understanding the
broader implications of their coexistence is increasingly important. However, there exist
a dearth of literature concerning the interaction effect of a family medical history of hyper-
tension with diabetes on the risk of hypertension in LMIC settings, particularly in India [24].
Using nationally representative data, the present study addresses this concern and provides
population-level evidence beyond that obtained from conventional health-facility-based
studies. The study is particularly relevant in the context of India’s rapidly aging popu-
lation, as it may contribute to a better understanding of the combined effect of familial
predisposition and diabetes on hypertension risk. Furthermore, these findings may provide
the evidenced-based information to guide the development of targeted prevention and
intervention strategies and support efforts to address the healthcare challenges associated
with the coexistence of diabetes and a family history of hypertension among middle-aged
and older adults. Therefore, the current study aimed to study the additive interaction
between a family medical history and diabetes on the risk of hypertension. Additionally,
we assessed the association of different categories of the family medical history with hyper-
tension. It is imperative to consider both family history and diabetes in hypertension risk
assessments and develop targeted primary and secondary preventive strategies for specific
vulnerable subpopulations.

2. Methods
Data

The data from the Longitudinal Ageing Study in India (LASI) Wave 1 (2017–2018)
were used in this study. The survey collected data on the health, economic, and social
factors and consequences of India’s population aging. The LASI is a full-scale, nationally
representative survey that included 72,250 individuals aged 45 years and older and their
spouses (irrespective of age) across all states and union territories (UTs) of India except
Sikkim. The LASI uses a multistage stratified area probability cluster sampling to select
the eventual units of observation. This study presents scientific evidence on chronic health
conditions, biomarkers, symptom-based health conditions, and functional and mental
health. The LASI survey was conducted with a three-stage sampling design in rural areas
and a four-stage sampling design in urban areas. In each state/UT, in the first stage,
Primary Sampling Units (PSUs) were selected, and in the second stage, villages in rural
areas and wards in urban areas were selected in the selected PSUs. In the third stage,
households were selected from each selected village; however, sampling in urban areas
involved an additional stage, i.e., the random selection of one Census Enumeration Block
(CEB) in each urban area. In the fourth stage, households were selected from each CEB.
The main goal was to select a representative sample at each stage of sample selection. The
detailed methodology and extensive information on the survey’s design and data collection
are available in the report. The present study is based on 65,562 respondents aged 45 years
and above. After removing all the cases (6895) with missing information in any of the
selected variables, the total sample size for the analysis was 58,667 respondents.

3. Measures
3.1. Outcome Variables

The main outcome variable was self-reported hypertension. In the study, respondents
were asked, “Has any health professional ever diagnosed you with high blood pressure
or hypertension?”. The responses were coded as ‘no’ and ‘yes’. In LASI, respondents
were asked additional questions to those who reported being diagnosed with a disease
by a medical professional, including the diagnosing physician, the date of diagnosis,
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and whether they are currently receiving treatment. Participants were asked, “In order
to treat or control your blood pressure or hypertension, are you currently taking any
medications?”. Interaction effects were estimated in two different study samples, (1) self-
reported hypertension and (2) individuals with hypertension who were taking treatment.

3.2. Key Explanatory Variable

The main explanatory variable was self-reported diabetes and a family medical history
of hypertension. In the study, respondents were asked, “Has any health professional
ever diagnosed you with diabetes?”. The responses were coded as ‘no’ and ‘yes’. In
LASI, respondents were asked an additional question concerning medication, to those
who reported being diagnosed with a disease by a medical professional including whether
they are currently receiving treatment. Participants were asked, “In order to control your
diabetes or high blood sugar, are you currently taking any medication?”.

In the LASI, to understand the genetic risk factors for hypertension, information was
collected about the respondent’s family medical history; family medical history of the
father, mother, brother, and sister were selected for the analysis.

3.3. Other Covariates

Age was coded as 45–54 years, 55–64 years, 65–74 years, and 75+ years. Gender was
coded as male and female. Education was recoded as no education, primary, secondary, and
higher. Marital status was coded as currently married, widowed, others, and not in a union.
Working status was coded as never worked, currently working, and currently not working.
Alcohol use was coded as ‘no’ and ‘yes’; smoking and chewing tobacco were coded as
‘never’, ‘former’, and ‘current’. The body mass index (BMI) was computed by dividing the
weight (in kilograms) by the square of the height (in meters). BMI was coded according to
the criteria of the World Health Organisation’s classification, as underweight (<18.5 kg/m2),
normal weight (18.5–24.9 kg/m2), overweight/pre-obesity (25.0–29.9 kg/m2), and obesity
(≥30.0 kg/m2), and for the analysis, overweight and obesity were combined [25]. The
monthly per capita expenditure quintile (MPCE) or consumption quintile was categorized
into five quintiles, poorest, poor, middle, rich, and richest. Religion was categorized
as Hindu, Muslim, Christian, and Others. The social group (caste) was categorized as
Scheduled Castes (SC), Scheduled Tribes (ST), Other Backward Classes (OBC), and others.
The place of residence was coded as urban and rural. The regions were categorized as
North, Central, East, Northeast, West, and South. In the study, respondents were asked,
“Has any health professional ever diagnosed you with high cholesterol”. The responses
were coded as no and yes. Respondents were asked, “Has any health professional ever
diagnosed you with arthritis?”. The responses were coded as no and yes. Respondents
were asked, “Has any health professional ever diagnosed you with stroke?”. The responses
were coded as no and yes. Activities of daily living (ADLs) and instrumental activities of
daily living (IADLs) were categorized as no and yes [26]. Physical inactivity was coded as
physically active and physically inactive [27–29].

3.4. Statistical Analysis

Multivariable logistic regression was employed to estimate the unadjusted and ad-
justed estimates, aiming to assess the joint effect of a family medical history of hypertension
with diabetes on the diagnosis of hypertension. Moreover, an additive model was em-
ployed to assess the additive interaction effect of a family medical history of hypertension
with diabetes on the diagnosis of hypertension by estimating three different measures of
the additive interaction: the relative excess risk ratio (RERI), attribution proportion due
to interaction (AP), and synergy index (S). Interaction on an additive scale means that
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the combined effect of two exposures is larger (or smaller) than the sum of the individual
effects of the two exposures [30,31].

The interaction measures on the additive scale are defined as follows: RERI (excess
risk of the outcome due to the interaction between two factors) = OR11 − OR10 − OR01
+ 1; AP (proportion of the combined effect that is attributable to the interaction between
two factors) = RERI/OR11; S (ratio between combined effect and individual effects) =
(OR11 − 1)/(OR10 − 1) + (OR01 − 1). RERI = 0 indicates no interaction, RERI > 0
suggests a positive interaction, RERI < 0 suggests a negative interaction, AP = 0 suggests no
interaction, AP > 0 suggests a positive interaction, AP < 0 suggests a negative interaction,
S = 1 suggests no interaction, S > 1 suggests a positive interaction, and S < 1 indicates
a negative interaction [27,30–32].

Bivariate analysis was performed to investigate the prevalence of hypertension and
proportion of individuals who were using medication in relation to selected variables.
A chi-square test and bivariate analysis were also employed to investigate the prevalence
of hypertension concerning the combined effect of a family medical history of hypertension
with diabetes. Moreover, multivariable binary logistic regression analysis [33] was em-
ployed to establish the association between hypertension and main explanatory variables
including diabetes and a family history of hypertension (comprising overall family history,
parental (both and any), sibling (both and any), and specific histories related to the father,
mother, brother, and sister).

In the current study, the multivariable logistic regression and additive interaction
models were adjusted for potential confounding factors, including age, sex, education,
working status, marital status, residence, MPCE, religion, caste, region, physical inactivity,
smoking, chewing tobacco, alcohol consumption, BMI, ADL, IADL, arthritis, stroke, and
high cholesterol. Multicollinearity was assessed using variance inflation factors (VIFs).
No substantial multicollinearity was identified. The survey weights were applied during
the analysis to account for sample clustering and present population estimates. All the
analyses were conducted using Stata version 14.1.

4. Results
Table 1 presents the sample characteristics and percentage distribution of hypertension

and its treatment among individuals aged 45 years and above. A proportion of around 35%
of the participants was 65 years and above. Approximately 54% of the sample population
was female. About 51% of the sample had no education during the survey. A large
proportion of the sample (73.9%) was in a marital union during the survey. Further, nearly
70% of the participants were living in rural areas.

Table 1. Sample characteristics and percentage distribution of hypertension and its treatment by
background characteristics among individuals aged 45 years and above, Longitudinal Ageing Study
in India (LASI, 2017–18).

Sample Hypertension Taking Treatment

Background
Characteristics N w col % N w Row % (95% CI) N w Row %

Sociodemographic Variables

Age groups

45–54 21,789 35.08 4602 19.6 (18.6, 20.6) 2859 60.27
55–64 18,229 30.45 5306 27.2 (25.9, 28.4) 3900 72.83
65–74 13,019 24.04 4726 34.2 (32.0, 36.4) 3673 77.86
75+ 5630 10.43 2118 34.9 (32.5, 37.2) 1655 77.81
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Table 1. Cont.

Sample Hypertension Taking Treatment

Background
Characteristics N w col % N w Row % (95% CI) N w Row %

Sociodemographic Variables

Gender

Male 27,170 45.91 6605 22.6 (21.6, 23.6) 4699 70.12
Female 31,497 54.09 10,147 30.7 (29.5, 32.0) 7388 72.90

Education level

No education 27,518 50.46 7077 23.9 (23.2, 24.7) 4781 66.79
Primary 14,661 23.43 4389 28.4 (27.1, 29.8) 3237 73.20
Secondary 10,863 16.28 3360 31.9 (28.8, 35.1) 2561 78.12
Higher 5625 9.83 1926 31.2 (27.6, 35.0) 1508 78.10

Working status

Never worked 16,041 25.98 5845 35.5 (33.2, 37.7) 4461 75.97
Currently working 27,353 47.28 5413 18.6 (17.7, 19.5) 3451 63.50
Currently not working 15,273 26.73 5494 33.6 (32.4, 34.8) 4175 75.75

Marital status

Currently married 43,971 73.94 11,634 24.7 (24.0, 25.5) 8246 69.80
Widowed 12,825 23.24 4631 34.9 (32.7, 37.2) 3503 76.94
D/S/D/Others 1871 2.81 487 21.3 (16.9,26.4) 338 64.83

Place of residence

Rural 38,395 70.09 9312 22.7 (22.1, 23.3) 6104 65.50
Urban 20,272 29.91 7440 37.1 (34.9, 39.4) 5983 80.90

Caste

Scheduled caste 9878 19.40 2577 23.9 (22.6,25.3) 1718 65.13
Scheduled tribe 10,264 8.64 2079 15.4 (14.2, 16.8) 1318 60.98
OBC 22,156 45.49 6322 27.0 (25.5, 28.6) 4632 73.24
Others 16,369 26.46 5774 32.9 (31.8, 34.1) 4419 75.07

MPCE quintile

Poorest 11,550 21.00 2493 20.6 (19.4, 21.9) 1600 62.46
Poorer 11,858 21.28 3010 24.5 (23.2, 25.9) 2077 68.50
Middle 11,864 20.47 3389 26.2 (24.8, 27.7) 2446 71.30
Richer 11,843 19.69 3782 30.8 (28.6, 33.1) 2808 75.19
Richest 11,552 17.56 4078 34.2 (31.6, 36.9) 3156 78.56

Region

North 10,812 12.70 3737 33.7 (32.5, 34.9) 2536 65.62
Central 8062 21.07 1545 19.2 (18.1, 20.4) 939 60.39
East 10,614 23.90 2696 25.4 (24.2, 26.6) 1741 63.56
Northeast 7580 3.38 1837 28.8 (27.2, 30.5) 1092 63.75
West 7706 15.93 2259 28.3 (26.7, 29.9) 1851 79.92
South 13,893 23.01 4678 30.9 (28.1, 33.8) 3928 85.14

Religion

Hindu 43,060 82.50 11,737 25.9 (25.0, 26.9) 8399 71.10
Muslim 6948 11.04 2424 32.5 (30.3, 34.7) 1866 73.91
Christian 5876 2.95 1539 25.7 (21.3, 30.6) 1059 79.04
Others 2783 3.51 1052 35.6 (32.9, 38.4) 763 73.98
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Table 1. Cont.

Sample Hypertension Taking Treatment

Background
Characteristics N w col % N w Row % (95% CI) N w Row %

Sociodemographic Variables

Lifestyle factors

Smoking tobacco

Never 47,882 82.72 14,279 28.2 (27.3, 29.2) 10,496 72.91
Former 2666 3.77 838 30.2 (26.9, 33.6) 610 71.80
Current 8119 13.50 1635 18.4 (17.2, 19.7) 981 61.79

Chewing tobacco

Never 45,797 76.43 13,727 28.5 (27.5, 29.5) 10,109 73.31
Former 1436 2.38 438 30 (25.7, 34.6) 305 65.70
Current 11,434 21.19 2587 21.1 (19.9, 22.4) 1673 65.60

Alcohol use

No 48,101 84.81 14,410 28.2 (27.2, 29.1) 10,577 72.80
Yes 10,566 15.19 2342 20.4 (19.2, 21.6) 1510 64.36

Physical inactivity

Active 37,894 65.77 9971 25.0 (23.9, 26.1) 6979 69.73
Inactive 20,773 34.23 6781 30.9 (29.9, 31.9) 5108 75.10

BMI categories

Normal 30,663 51.59 7750 24.2 (23.4, 25.0) 5321 68.15
Underweight 10,857 21.34 1776 15.3 (14.3, 16.3) 987 53.75
Overweight/obese 17,147 27.08 7226 41.5 (39.3, 43.8) 5779 81.17

Morbidities

Difficulty in ADL

No 50,732 84.48 13,651 25.5 (24.6, 26.4) 9664 70.60
Yes 7935 15.52 3101 35.1 (33.3, 36.9) 2423 76.73

Difficulty in IADL

No 39,647 63.49 10,332 24.3 (23.4, 25.1) 7316 69.98
Yes 19,020 36.51 6420 31.7 (30.1, 33.4) 4771 74.30

High cholesterol

No 56,591 97.75 15,308 26.1 (25.3, 26.9) 10,842 71.18
Yes 2076 2.25 1444 66.3 (60.9, 71.3) 1245 83.06

Arthritis

No 53,888 90.64 14,785 25.6 (24.9, 26.3) 10,554 70.72
Yes 4779 9.36 1967 40.8 (35.9, 45.7) 1533 78.59

Stroke

No 57,744 98.33 16,155 26.4 (25.6, 27.3) 11,590 71.34
Yes 923 1.67 597 61.2 (56.7, 65.6) 497 84.38

Diabetes

No 51,184 88.09 12,194 22.2 (21.6, 22.9) 8209 66.70
Yes 7483 11.91 4558 62.2 (59.3, 65.0) 3878 85.41

Treatment for Db *

No 1308 17.49 780 59.6 (55.5, 63.6) 414 47.70
Yes 6175 82.51 3778 62.8 (59.3, 66.1) 3464 93.01
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Table 1. Cont.

Sample Hypertension Taking Treatment

Background
Characteristics N w col % N w Row % (95% CI) N w Row %

Sociodemographic Variables

Treatment for Db

No 52,492 90.17 12,974 23.1 (22.4, 23.8) 8623 65.56
Yes 6175 9.83 3778 62.8 (59.3, 66.1) 3464 93.01

Family Medical History

Family history of hypertension

No 45,906 79.50 11,341 23.8 (23.1, 24.5) 7920 69.50
Yes 12,761 20.50 5411 39.4 (36.6, 42.2) 4167 77.29

Total 58,667 100.00 16,752 27.0 (26.2, 27.8) 12,087 71.83

Notes: N: Sample; w %: weighted percentages to account for survey design and to provide national
population estimates; ADL: activities of daily living; IADL: instrumental activities of daily living;
MPCE: monthly per capita consumption expenditure; Db, diabetes; *, treatment for diabetes among
individuals with self-reported diabetes.

Table 1 also depicts the prevalence of hypertension among adults aged 45 years and
above. The overall prevalence of hypertension was 27.0% (95% CI: 26.2, 27.8), and 71.83%
of the individuals with hypertension were taking treatment. Moreover, hypertension
was more prevalent among individuals with self-reported diabetes (62.2% vs. 22.2%)
and individuals with diabetes who were taking treatment (62.8% vs. 23.1%) than their
counterparts. The prevalence of hypertension was higher among individuals aged 65 years
and above (34.2% vs. 19.6%), with a secondary education (31.9% vs. 23.9%), and with
a higher education (31.2% vs. 23.9%) than their counterparts. Additionally, hypertension
was more prevalent among individuals living in urban areas (37.1% vs. 22.7%) than those
in rural areas.

The results show that the prevalence of hypertension was higher among physically
inactive respondents (30.9% vs. 25.0%) and overweight/obese participants (41.5% vs.
24.2%) than their counterparts. Additionally, the prevalence of hypertension was highly
prevalent among individuals with high cholesterol (66.3% vs. 26.1), arthritis (40.8% vs.
25.6), and stroke (61.2% vs. 26.4) than their counterparts. The study findings illustrate that
the prevalence of hypertension was higher among individuals with a family history of
hypertension (39.4% vs. 23.8%) than those without a family history.

Table 2 presents the prevalence of hypertension among adults aged 45 years and above
according to their family medical history.

The prevalence of hypertension was higher among individuals with a medical his-
tory of both parents (47.2% vs. 26.5%) and any parent (38.1% vs. 24.9%), respectively,
compared with those without a medical history of both parents and any parent. Similarly,
the prevalence of hypertension was higher among individuals with a medical history of
both siblings (69.7% vs. 26.5%) and any sibling (48.5% vs. 25.3%), respectively, compared
with those without a medical history of both siblings and any sibling. Additionally, the
prevalence of hypertension was higher among individuals with a medical history of father
(38.9% vs. 25.9%), mother (39.5% vs. 25.6%), brother (51.5% vs. 25.6%), and sister (51.4%
vs. 26.2%) compared with those without a medical history of father, mother, brother, and
sister, respectively.

Figure 1 indicates that the prevalence of hypertension was higher among female
respondents with a family medical history of hypertension, including parental, sibling,
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father, mother, brother, and sister medical history of hypertension than among males. The
prevalence of hypertension was higher among female respondents with diabetes than males.
Similarly, Figure 2 presents that the prevalence of hypertension among the individuals with
the coexistence of a family medical history of hypertension and diabetes was higher among
female respondents compared to male respondents.

Figure 1. The prevalence of hypertension by key predictor variables and gender. FH, family medical
history of hypertension.

Figure 2. The prevalence of hypertension by joint effect of key predictor variables and gender. dia-
betes_M, individuals with diabetes who were taking medication using the sample of hypertensive
individuals on medication; No-coexistence, either diabetes or family history of hypertension; FH,
family medical history of hypertension. 1.FH#1.diabetes_M, presence of family medical history of
hypertension # presence of diabetes; 1.FH#0.diabetes_M, presence of family medical history of hyper-
tension # absence of diabetes; 0.FH#1.diabetes_M, absence of family medical history of hypertension #
presence of diabetes; 0.FH#0.diabetes_M, absence of family medical history of hypertension # absence
of diabetes.

Table 3 represents the prevalence of diabetes by key predictor variables among indi-
viduals aged 45 and above.
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Table 2. Frequencies and percentage prevalence of hypertension and its treatment by family medical
history of hypertension.

Sample Hypertension Taking Medication

Family Medical History
of Hypertension N w col % N w Row %

(95% CI) p-Value N w Row % p-Value

FH-Parental 0.000 0.000

No 49,058 84.38 12,685 24.9 (24.2, 25.8) 8955 70.45
Yes 9609 15.62 4067 38.1 (35.0, 41.2) 3132 76.74

FH-Parental both 0.000 0.000

No 57,018 97.61 15,859 26.5 (25.7, 27.3) 11,392 71.67
Yes 1649 2.39 893 47.2 (37.8, 56.7) 695 75.59

FH-Father 0.000 0.000

No 53,469 91.83 14,430 25.9 (25.1, 26.8) 10,308 71.46
Yes 5198 8.17 2322 38.9 (35.4, 42.6) 1779 74.63

FH-Mother 0.000 0.000

No 52,607 90.17 14,114 25.6 (24.9, 26.4) 10,039 70.77
Yes 6060 9.83 2638 39.5 (35.2, 44.0) 2048 78.14

FH-Sibling 0.000 0.000

No 53,922 92.63 14,543 25.3 (24.6, 26.0) 10,369 70.61
Yes 4745 7.37 2209 48.5 (43.4, 53.7) 1718 79.86

FH-Sibling both 0.000 0.000

No 57,959 98.84 16,322 26.5 (25.7, 27.3) 11,723 71.33
Yes 708 1.16 430 69.7 (56.0, 80.6) 364 88.07

FH-Brother 0.000 0.000

No 55,252 94.49 15,118 25.6 (24.9, 26.3) 10,820 70.82
Yes 3415 5.51 1634 51.5 (45.2, 57.6) 1267 80.45

FH-Sister 0.000 0.000

No 56,881 96.98 15,747 26.2 (25.5, 27.0) 11,272 71.15
Yes 1773 3.02 1005 51.4 (43.0, 59.6) 815 83.09

Total 58,667 100.00 16,752 27.0 (26.2, 27.8) 12,087 71.83

Notes: N: Sample; w %: weighted percentages to account for survey design and to provide national
population estimates; FH, family medical history of hypertension.

Table 3. The prevalence of hypertension by key predictor variables among individuals aged 45
and above.

Hypertension Hypertension–Currently on Medication

Variables N Percentage (95% CI) p-Value N Percentage (95% CI) p-Value

FH and Diabetes 0.000 0.000

No 15,063 25.3 (24.6, 26.0) 10,595 17.6 (17.0, 18.3)
Yes 1689 70.7 (64.6, 76.1) 1492 64.3 (57.3, 70.7)

FH#Diabetes 0.000

0.FH#0.diabetes 8472 19.8 (19.2, 20.5) 0.000 5534 12.9 (12.4, 13.5)
0.FH#1.diabetes 2869 58.3 (55.6, 61.0) 2386 48.0 (45.1, 50.8)
1.FH#0.diabetes 3722 32.4 (30.3, 34.7) 2675 22.9 (21.1, 24.8)
1.FH#1.diabetes 1689 70.7 (64.6, 76.1) 1492 64.3 (57.3, 70.7)
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Table 3. Cont.

Hypertension Hypertension–Currently on Medication

Variables N Percentage (95% CI) p-Value N Percentage (95% CI) p-Value

FH and Diabetes_Medication 0.000 0.000

No 15,305 25.5 (24.8, 26.2) 10,730 17.7 (17.1, 18.3)
Yes 1447 72.7 (66.0, 78.5) 1357 69.7 (62.6, 76.1)

FH#Diabetes_Medication 0.000 0.000

0.FH#0.diabetes_M 9010 20.7 (20.0, 21.4) 5813 13.2 (12.7, 13.8)
0.FH#1.diabetes_M 2331 58.0 (54.8, 61.1) 2107 52.8 (49.6, 56.1)
1.FH#0.diabetes_M 3964 33.3 (31.1, 35.5) 2810 23.2 (21.5, 25.0)
1.FH#1.diabetes_M 1447 72.7 (66.0, 78.5) 1357 69.7 (62.6, 76.1)

Total 16,752 27.0 (26.2, 27.8) 12,087 19.4 (18.6, 20.2)

FH, family medical history of hypertension; diabetes_M, individuals with diabetes who were tak-
ing medication. 0.FH#0.diabetes, absence of family medical history of hypertension # absence of
diabetes; 0.FH#1.diabetes, absence of family medical history of hypertension # presence of dia-
betes; 1.FH#0.diabetes, presence of family medical history of hypertension # absence of diabetes;
1.FH#1.diabetes, presence of family medical history of hypertension # presence of diabetes.

4.1. The Prevalence of Hypertension Based on the Presence or Absence of Family Medical History of
Hypertension and Diabetes
4.1.1. Self-Reported Diabetes and Family Medical History of Hypertension

The result presents that the prevalence of hypertension was significantly higher among
individuals with diabetes and a family history of hypertension (70.7%, 95% CI: 64.6, 76.1)
than those without the coexistence of a family history of hypertension and diabetes (25.3%,
95% CI: 24.6, 26.0), individuals with diabetes and without a family history of hypertension
(58.3%, 95% CI: 55.6, 61.0), individuals with a family history of hypertension and without
diabetes (32.4%, 95% CI: 30.3, 34.7), and individuals without the presence of both a family
history of hypertension and diabetes (19.8%, 95% CI: 19.2, 20.5).

4.1.2. Self-Reported Diabetes (Taking Medication) and Family Medical History
of Hypertension

The result presents that the prevalence of hypertension was significantly higher among
individuals with diabetes who were taking medication and had a family history of hyper-
tension (64.3%, 95% CI: 57.3, 70.7) than those without the coexistence of a family history of
hypertension and diabetes (17.6%, 95% CI: 17.0, 18.3), individuals with diabetes and with-
out a family history of hypertension (48.0%, 95% CI: 45.1, 50.8), individuals with a family
history of hypertension and without diabetes (22.9%, 95% CI: 21.1, 24.8), and individuals
without the presence of both a family history of hypertension and diabetes (12.9%, 95% CI:
12.4, 13.5).

4.2. The Prevalence of Hypertension (Taking Medication) Based on the Presence or Absence of
Family Medical History of Hypertension and Diabetes
4.2.1. Self-Reported Diabetes and Family Medical History of Hypertension

The result presents that the prevalence of hypertension was significantly higher among
individuals with diabetes and a family history of hypertension (72.7%, 95% CI: 66.0, 78.5)
than those without the coexistence of a family history of hypertension and diabetes (25.5%,
95% CI: 24.8, 26.2), individuals with diabetes and without a family history of hypertension
(58.0%, 95% CI: 54.8, 61.1), individuals with a family history of hypertension and without
diabetes (33.3%, 95% CI: 31.1, 35.5), and individuals without the presence of both a family
history of hypertension and diabetes (20.7%, 95% CI: 20.0, 21.4).
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4.2.2. Self-Reported Diabetes (Taking Medication) and Family Medical History
of Hypertension

The result presents that the prevalence of hypertension (those who were also taking
medication) was significantly higher among individuals with diabetes who were taking
medication for diabetes and a family history of hypertension (69.7%, 95% CI: 62.6, 76.1)
than those without the coexistence of a family history of hypertension and diabetes (17.7%,
95% CI: 17.1, 18.3), individuals with diabetes and without a family history of hypertension
(52.8%, 95% CI: 49.6, 56.1), individuals with a family history of hypertension and without
diabetes (23.2%, 95% CI: 21.5, 25.0), and individuals without the presence of both a family
history of hypertension and diabetes (13.2%, 95% CI: 12.7, 13.8).

Table 4 presents the unadjusted and adjusted logistic regression estimates for hy-
pertension by family medical history of hypertension (overall, parental history, father,
mother, sibling history, brother, and sister) and diabetes among individuals aged 45 years
and above. In the adjusted model, the results indicate that individuals with diabetes
(AOR: 3.9, CI: 3.47–4.38) had 3.90 times higher odds of having hypertension than those
without diabetes.

The study findings show that individuals with family history of hypertension (AOR:
1.72, CI: 1.57 1.90) had a significant 1.7 times higher odds of having hypertension than
those without a family history. Moreover, individuals with a medical history of any parent
and sibling had 1.6- and 2.0-times higher odds of having hypertension, respectively, than
those without medical history of a single parent and sibling. Similarly, the results show
that individuals with a history of both the parents and siblings had an AOR of 2.1 and 3.3
for hypertension.

Moreover, findings further demonstrate that individuals with a medical history of
father, mother, brother, and sister had significant 1.58, 1.64, 2.12, and 2.04 times higher odds
of having hypertension, respectively, compared with those without a medical history.

Figure 3 presents the unadjusted and adjusted logistic regression estimates for hy-
pertension by family medical history of hypertension (overall, parental history, father,
mother, sibling history, brother, and sister) and diabetes among individuals aged 45 years
and above.

Figure 3. Multivariable logistic estimates for hypertension and hypertensive individuals taking
medication among those aged 45 and above. *** p < 0.001; Ref, reference category; FH, family medical
history of hypertension.
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Table 4. Multivariable logistic regression estimates for hypertension and its treatment by key predictor
variables among individuals aged 45 and above in India.

Hypertension Hypertension–Taking Treatment

Background
Characteristics UOR (95% CI) AOR (95% CI) UOR (95% CI) AOR (95% CI)

Family Medical History of Hypertension

No Ref. Ref. Ref. Ref.
Yes 2.08 *** (1.84 2.36) 1.72 *** (1.57 1.90) 2.21 *** (1.92 2.55) 1.75 *** (1.58 1.95)

FH-Parental

No Ref. Ref. Ref. Ref.
Yes 1.85 *** (1.61 2.12) 1.60 *** (1.44 1.79) 1.94 *** (1.66 2.26) 1.64 *** (1.45 1.84)

FH-Parental-both

No Ref. Ref. Ref. Ref.
Yes 2.48 *** (1.68 3.64) 2.11 *** (1.44 3.09) 2.36 *** (1.69 3.30) 1.92 *** (1.33 2.77)

FH-Father

No Ref. Ref. Ref. Ref.
Yes 1.82 *** (1.55 2.14) 1.58 *** (1.36 1.84) 1.80 *** (1.55 2.10) 1.52 *** (1.30 1.79)

FH-Mother

No Ref. Ref. Ref. Ref.
Yes 1.90 *** (1.57 2.29) 1.64 *** (1.42 1.89) 2.02 *** (1.64 2.49) 1.69 *** (1.45 1.97)

FH-Sibling

No Ref. Ref. Ref. Ref.
Yes 2.79 *** (2.26 3.43) 2.00 *** (1.75 2.28) 2.91 *** (2.27 3.75) 1.93 *** (1.67 2.22)

FH-Sibling-both

No Ref. Ref. Ref. Ref.
Yes 6.40 *** (3.53 11.57) 3.32 *** (2.50 4.43) 6.84 *** (3.54 13.21) 3.16 *** (2.30 4.34)

FH-Brother

No Ref. Ref. Ref. Ref.
Yes 3.09 *** (2.40 3.97) 2.12 *** (1.84 2.44) 3.20 *** (2.36 4.33) 2.01 *** (1.72 2.34)

FH-Sister

No Ref. Ref. Ref. Ref.
Yes 2.97 *** (2.12 4.16) 2.04 *** (1.66 2.50) 3.25 *** (2.20 4.79) 2.04 *** (1.63 2.56)

Diabetes

No Ref. Ref. Ref. Ref.
Yes 5.76 *** (5.06 6.55) 3.90 *** (3.47 4.38) 6.51 *** (5.66 7.48) 3.89 *** (3.45 4.38)

*** p < 0.001; Ref, reference category; FH, family medical history; UOR, unadjusted odds ratio; AOR,
adjusted odds ratio, adjusted for age, sex, education, marital status, working status, residence, caste,
MPCE, region, religion, smoking, chewing tobacco, alcohol, use, physical activity, body mass index,
ADL, IADL, and high cholesterol, arthritis, and stroke.

Table 5 presents the unadjusted and adjusted models of the additive interaction ef-
fect of family history of hypertension with diabetes on the diagnosis of hypertension.
The current study provides estimates of the interaction effect on an additive scale using
two different models of diabetes as an exposure variable (self-reported diabetes and in-
dividuals with diabetes taking treatments) for two different populations of hypertension
(self-reported hypertension and hypertensive individuals receiving medication).

https://doi.org/10.3390/healthcare14203538

https://doi.org/10.3390/healthcare14203538


Healthcare 2026, 14, 3538 14 of 21

Table 5. Additive interaction effect between family medical history of hypertension and diabetes baa
on the diagnosis of hypertension among individuals aged 45 and above.

Unadjusted (95% CI) Adjusted (95% CI)

(1) Self-reported hypertension

(A) Self-reported Diabetes

Additive Interaction between family history and diabetes

0.FH#0.diabetes Ref. Ref.
0.FH#1.diabetes 5.66 *** (5.02 6.37) 4.05 *** (3.55 4.62)
1.FH#0.diabetes 1.94 *** (1.74 2.16) 1.77 *** (1.59 1.97)
1.FH#1.diabetes 9.74 *** (7.34 12.91) 6.20 *** (5.08 7.58)

Measures of interaction on the additive scale (p-value, 95% CI)

RERI 3.14; 0.028 (0.34 5.94) 1.39; 0.034 (0.10 2.67)
AP $ 32.00% [0.32; 0.002 (0.12 0.52)] 22.00% [0.22; 0.009 (0.06 0.40)]
SI 1.56; 0.009 (1.12 2.18) 1.36; 0.021 (1.05 1.77)

(B) Self-reported Diabetes—currently on medication

Additive interaction between family history and diabetes with medications

0.FH#0.diabetes_M Ref. Ref.
0.FH#1.diabetes_M 5.29 *** (4.62 6.07) 3.60 *** (3.09 4.17)
1.FH#0.diabetes_M 1.91 *** (1.72 2.13) 1.74 *** (1.57 1.93)
1.FH#1.diabetes_M 10.21 *** (7.44 14.02) 6.17 *** (4.93 7.72)

Measures of interaction on the additive scale (p-value, 95% CI)

RERI 4.01; 0.017 (0.72 7.23) 1.84; 0.012 (0.41 3.27)
AP $ 39% [0.39; 0.002 (0.19 0.60)] 29% [0.29; 0.000 (0.13 0.47)]
SI 1.77; 0.028 (1.22 2.57) 1.55; 0.004 (1.15 2.09)

(2) Self-reported hypertension—currently on medication

(C) Self-reported Diabetes

Additive interaction between family history and diabetes

0.FH#0.diabetes Ref. Ref.
0.FH#1.diabetes 6.21 *** (5.48 7.05) 3.88 *** (3.37 4.47)
1.FH#0.diabetes 2.00 *** (1.78 2.24) 1.75 *** (1.55 1.98)
1.FH#1.diabetes 12.12 *** (8.98 16.36) 6.83 *** (5.63 8.28)

Measures of interaction on the additive scale (p-value, 95% CI)

RERI 4.91; 0.009 (1.25 8.57) 2.19; 0.001 (0.86 3.52)
AP $ 40% [0.40; 0.000 (0.22 0.59)] 32% [0.32; 0.000 (0.18 0.46)]
SI 1.79; 0.000 (1.27 2.52) 1.60; 0.000 (1.25 2.06)

(D) Self-reported Diabetes—currently on medication

Additive interaction between family history and diabetes with medications

0.FH#0.diabetes_M Ref. Ref.
0.FH#1.diabetes_M 7.35 *** (6.39 8.46) 4.50 *** (3.85 5.27)
1.FH#0.diabetes_M 1.98 *** (1.78 2.22) 1.75 *** (1.56 1.97)
1.FH#1.diabetes_M 15.13 *** (10.93 20.94) 8.34 *** (6.73 10.33)

Measures of interaction on the additive scale (p-value, 95% CI)

RERI 6.79; 0.007 (1.82 11.75) 3.09; 0.000 (1.28 4.89)
AP $ 45% [0.45; 0.000 (0.26 0.64)] 37% [0.37; 0.000 (0.22 0.52)]
SI 1.92; 0.000 (1.33 2.78) 1.73; 0.000 (1.31 2.27)

*** p < 0.001; Ref, reference category; FH, family medical history of hypertension; HT, hypertension;
diabetes_M, individuals with diabetes who were on medication. Interaction exists if RERI ! = 0
or AP ! = 0 or S ! = 1; Model 1: unadjusted model; Model 2: adjusted for age, sex, education, working,
marital status, residence, MPCE, religion, caste, region, physical inactivity, smoking, chewing tobacco,
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alcohol consumption, body mass index (BMI), ADL, IADL, high cholesterol, arthritis, and stroke;

RERI, relative excess risk due to interaction; AP, attributable proportion; AP $, the attributable

proportion, has been presented in the result as a percentage after multiplied by 100; S, syn-

ergy index. 0.FH#0.diabetes: absence of family medical history of hypertension # absence of

diabetes; 0.FH#1.diabetes: absence of family medical history of hypertension # presence of dia-

betes; 1.FH#0.diabetes: presence of family medical history of hypertension # absence of diabetes;

1.FH#1.diabetes: presence of family medical history of hypertension # presence of diabetes.

4.3. Interaction Effect of Family Medical History of Hypertension and Diabetes on the Diagnosis
of Hypertension
4.3.1. Self-Reported Diabetes and Family Medical History of Hypertension

The study findings show that the adjusted odds ratio (AOR) of the joint effect between
a family medical history of hypertension and diabetes on the diagnosis of hypertension was
6.2 (95% CI: 5.08–7.58). In the adjusted model, the RERI, AP, and S values for hypertension
were 1.39 (95% CI: 0.10–2.67), 22% (0.22; 95% CI: 0.06–0.40), and 1.36 (95% CI: 1.05–1.77)
respectively, which indicates that there is a significant positive interaction effect between
a family history of hypertension and diabetes on the diagnosis of hypertension.

4.3.2. Self-Reported Diabetes (Taking Treatment) and Family Medical History
of Hypertension

Moreover, the results support the interaction effect on all three measures based on
individuals with diabetes who were taking medication. In the adjusted model, the RERI, AP,
and S values for hypertension were 1.84 (95% CI: 0.41–3.27), 29% (0.29; 95% CI: 0.13–0.47),
and 1.55 (95% CI: 1.15–2.09), respectively, which indicates that there is a significant positive
interaction effect between a family history of hypertension and diabetes (taking medication)
on the diagnosis of hypertension.

4.4. Interaction Effect Between Family Medical History of Hypertension and Diabetes on
Hypertension (Taking Treatment for Hypertension)

The interaction effect of the family medical history of hypertension and diabetes is fur-
ther supported by selecting the individuals with hypertension who were taking treatment.

4.4.1. Self-Reported Diabetes and Family Medical History of Hypertension

Additionally, in this model, our findings support the interaction effect on all three
measures based on individuals with diabetes who were taking medication. In the adjusted
model, the RERI, AP, and S values for hypertension were 2.19 (95% CI: 0.86–3.52), 32%
(0.32; 95% CI: 0.18–0.48), and 1.60 (95% CI: 1.25–2.06), respectively, which presents that
there is a significant positive interaction effect between a family history of hypertension
and diabetes (taking medication) on the diagnosis of hypertension.

4.4.2. Self-Reported Diabetes (Taking Treatment) and Family Medical History
of Hypertension

Furthermore, the study findings demonstrate that the adjusted odds ratio (AOR) of the
joint effect between family medical history of hypertension and diabetes on the diagnosis
of hypertension was 8.34 (95% CI: 6.73–10.33). In the adjusted model, the RERI was 3.09
(95% CI: 1.28–4.89), which indicates that there is a significant positive interaction effect
between a family history and diabetes on the diagnosis of hypertension. The AP value was
37% (0.37; 95% CI: 0.22–0.52), which suggests that a significant proportion of individuals
with hypertension in the population can be attributed to the interaction between a family
medical history of hypertension and diabetes. The S value was 1.73 (95% CI: 1.31–2.27),
further supporting a significant synergistic effect.
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Figure 4 presents the additive interaction effect between a family medical history of
hypertension and diabetes (taking medication) on the diagnosis of hypertension (taking
medication) among individuals aged 45 and above in India.

Figure 4. Additive interaction effect between family medical history of hypertension and diabetes
(taking medication) on the diagnosis of hypertension (taking medication) among individuals aged 45
and above in India. *** p < 0.001; Ref, reference category; FH, family medical history of hypertension;
DbM, individuals with diabetes who were on medication. Interaction exists if RERI ! = 0 or AP ! = 0
or S ! = 1. Adjusted for age, sex, education, working, marital status, residence, MPCE, religion, caste,
region, physical inactivity, smoking, chewing tobacco, alcohol consumption, body mass index (BMI),
ADL, IADL, high cholesterol, arthritis, and stroke. RERI, relative excess risk due to interaction; AP,
attributable proportion; S, synergy index.

5. Discussion
The study aimed to examine the additive interaction effect between a family medical

history of hypertension and diabetes on the diagnosis of hypertension The current study
demonstrates that, in the additive model, interaction effects between a family medical
history of hypertension and diabetes on the risk of hypertension were significantly positive,
as observed based on all three measures (RERI, AP and S), even after adjustment with
potential confounding factors, supported by different models of sample selection. This
suggests that the combined effect of a family medical history of hypertension and diabetes
on the risk of developing hypertension is greater than the sum of their individual effects.

The study finding indicates that the prevalence of hypertension was more than
1.5 times higher among individuals with a family medical history of hypertension (39.4%
vs. 23.8%) compared with those without a family medical history. Concordantly, previous
studies reported that the prevalence of hypertension was notably higher among individuals
with a family history of hypertension [10,34]. Additionally, a recent study found that 30.97%
of hypertensive patients reported having a family history of hypertension [2]. Moreover,
the results show that individuals with a family history of hypertension had an AOR of
1.7 for hypertension compared to individuals without a family history. Consistently, ex-
isting literature suggested that a family history of hypertension is significantly associated
with an increased risk of developing hypertension [2,10,34,35]. Additionally, a prior study
showed that the odds ratio for incident hypertension was 1.39 for individuals with any
family history of hypertension compared to those without [36].
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The study findings indicate that respondents with a parental and sibling medical
history of hypertension had an AOR of 1.6 and 2.0 for hypertension, respectively, compared
with those without a parental and sibling history. Concordantly, previous studies revealed
that among adults, having a family history of hypertension in parents and siblings was
significantly associated with an increased risk of hypertension [2,10]. A prior study showed
that individuals with a family history of hypertension in both parents had an odds ratio
of 3.05 for developing hypertension compared to those without a family history [36].
Consistently, our results demonstrate that individuals with a medical history of both
parents and siblings had AORs of 2.1 and 3.3 for hypertension, respectively.

Importantly, the current study shows that both siblings with a family history of
hypertension had higher odds of having hypertension, followed by both parents, any
siblings, and any parents. Moreover, our findings present that individuals with a father,
mother, brother, or sister medical history of hypertension had an odds ratio of 1.58, 1.64,
2.12, and 2.04 for hypertension, respectively, compared with those without family history
hypertension after adjustment with the potential confounding factors. The presence of
hypertension across multiple generations heightens the probability of hypertension onset
in their offspring [36].

Further, study findings reveal that the prevalence of hypertension is higher among
female respondents with a family medical history of hypertension than male respondents,
including a parental, sibling, father, mother, brother, and sister medical history of hyperten-
sion. Additionally, hypertension was highly prevalent among female respondents with the
coexistence of a family history and diabetes compared with male respondents. A previous
study reported the differences in blood pressure trajectories between sexes [37]. Notably,
females have shown a rapid progression of blood pressure measures over their life course,
potentially indicating a sex-specific genetic predisposition to hypertension [37,38]. Inter-
estingly, a study further demonstrated that these sex-based differences in blood pressure
trajectories remained significant even after adjusting for multiple cardiovascular disease
risk factors [37].

The current study further shows that the prevalence of hypertension was 2.8-fold
higher among individuals with self-reported diabetes compared with those without dia-
betes. A prior study showed that hypertension was a prevalent complication of diabetes,
with an approximate 20–30% incidence among patients with diabetes [39].

Furthermore, findings demonstrate that the AOR of the joint effect between a family
medical history of hypertension and diabetes on the diagnosis of hypertension was 8.34
(95% CI: 6.73–10.33). Consistently, a prior study demonstrated that the odds ratio due
to an interaction of the family history of hypertension with diabetes was 16.53 (95% CI
10.070–21.157) [24]. In the adjusted model, the RERI was 3.09 (95% CI: 1.28–4.89), which
indicates that there is a significant positive interaction effect between a family history
and diabetes on the diagnosis of hypertension. The AP value was 37% (0.37; 95% CI:
0.22–0.52), which suggests that a significant proportion of individuals with hypertension
in the population can be attributed to the interaction between a family medical history of
hypertension and diabetes. The S value was 1.73 (95% CI: 1.31–2.27), further supporting
a significant synergistic effect.

In the additive model, the current study reveals that a family medical history of
hypertension has a significantly positive synergistic interaction effect with diabetes on the
risk of hypertension.

Implication for Policy, Practice, and Future Research

Individuals with a high genetic risk of hypertension can be offset by adopting early
favorable lifestyle modifications [40]. A positive family medical history of hypertension
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could be employed as a tool to improve risk counselling, especially when encouraging
people to make lifestyle changes. Interestingly, newer glucose-lowering medications have
been shown to be associated with weight loss, blood pressure reductions, and, most
importantly, a reduced risk of major adverse cardiovascular events [41–43]. In addition,
studies have shown that inhibitors of sodium-glucose cotransporter 2 (SGLT2 inhibitors),
a class of drugs used to treat type 2 diabetes, can help to lower blood pressure and reduce
the risk of cardiovascular events [43,44].

In a recent meta-analysis of 15 randomized controlled trials (RCTs), app-based behav-
ioral self-monitoring interventions were found to yield a small but statistically significant
reduction in systolic blood pressure among patients diagnosed with hypertension. Addi-
tionally, these interventions were associated with improved medication adherence behavior
when compared to usual care or minimal intervention [45]. Moreover, a meta-analysis of
16 cohort studies revealed a linear dose–response relationship between adherence to blood
pressure medication and CVD events, with each 20% increase in adherence linked to a 13%
reduction in the risk of CVD events [46].

Further, in a meta-analysis of 133 studies, blood pressure reduction attained through
sodium reduction exhibited a dose–response relationship, and reduction was more pro-
nounced among older populations and individuals with elevated blood pressure levels [47].
Utilizing smartphone apps for the self-monitoring of hypertension-related behaviors, along
with personalized guidance, results in a modest but significant clinical effect in the reduc-
tion of blood pressure [45].

The findings underscore the need for integrated screening and prevention strategies
that simultaneously address multiple risk factors such as a family history of hypertension
and diabetes. Health policies should prioritize comprehensive risk assessments in clinical
settings to identify individuals at a higher risk due to the combined effects of these factors.
Tailored intervention programs that account for the synergistic effects of these risk factors
could enhance the effectiveness of hypertension prevention and treatment strategies. Ad-
ditionally, investigating the potential benefits of combined lifestyle and pharmacological
interventions in individuals with both risk factors could provide valuable insights into
effective hypertension management.

6. Limitations and Strengths
The present study utilizes a cross-sectional survey design based on the first wave of

the LASI data, which precludes establishing causal relationships. Additionally, the reliance
on self-reported information may introduce reporting bias. However, it is notable that
over seventy percent of the respondents reported receiving medication for hypertension,
thereby reducing recall bias. These limitations should be considered when interpreting the
study’s findings. Despite these constraints, the study has significant strengths. In LASI,
respondents who reported being diagnosed with a disease by a medical professional were
asked additional questions regarding the diagnosing physician, the date of diagnosis, and
current medication usage. The study estimated the interaction effect on an additive scale
for two models of diabetes (self-reported diabetes and individuals receiving treatment
for diabetes) across two different samples (self-reported hypertension and individuals
receiving treatment for hypertension). Moreover, this is the first large-scale population-
based study to investigate the interaction effect of a family medical history of hypertension
and diabetes on hypertension within the LMIC context, particularly in India. Additional
research using robust study designs, such as prospective cohort studies or randomized
controlled trials, is needed to further explore and validate the observed additive interactions.
Further studies in diverse populations, including populations from high-income countries
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and other geographic regions, are needed to determine whether these observed associations
are consistent across different genetic and environmental settings.

7. Conclusions
The current study reveals that in the additive model, a family medical history of

hypertension has a significantly positive synergistic interaction effect with diabetes on the
risk of hypertension, which indicates that the combined effect of a family medical history
of hypertension and diabetes is larger than the sum of individuals effects on the risk of
hypertension. A family medical history of hypertension can be utilized as a valuable tool to
identify vulnerable subpopulations at a high risk of undiagnosed hypertension, especially
among individuals with diabetes, which could help to develop more targeted and effective
approaches to early diagnosis, personalized treatment, lifestyle modification, and treatment
adherence leading to improved health outcomes.
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