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ABSTRACT

Aims: Despite the known association between abdominal obesity (AO) and vitamin D deficiency, it remains unclear whether this
combination is associated with higher mortality risk. We investigated whether the coexistence of AO and vitamin D deficiency
elevates the risk of death.

Materials and Methods: Five thousand, five hundred twenty participants from the ELSA Study, aged > 50years, were followed
for 6years. AO was defined by waist circumference (> 102 cm for men and > 88 cm for women). Vitamin D levels, measured via
serum 25-hydroxyvitamin D [25(0OH)D] concentrations, were categorised as sufficient (> 50nmol/L), insufficient (30-50 nmo-
1/L), and deficient (< 30nmol/L). At baseline, participants were classified according to AO (non-abdominal obesity [NAO] and
AO) and 25(0OH)D status (sufficiency [VDS], insufficiency [VDI], and deficiency [VDD]), creating six groups: NAO/VDS, NAO/
VDI, NAO/VDD, AO/VDS, AO/VDI, and AO/VDD. Cox regression models adjusted for sociodemographic, behavioural, and
clinical characteristics estimated mortality risk.

Results: The NAO/VDI and NAO/VDD groups were associated with a 91% (HR =1.91; 95% CI: 1.37-2.66) and 81% higher risk
of death (HR=1.81; 95% CI: 1.25-2.62), respectively. The AO/VDS and AO/VDI groups had a 47% (HR =1.47; 95% CI: 1.02-2.14)
and 50% higher mortality risk (HR =1.50; 95% CI: 1.01-2.23), respectively, compared to the NAO/VDS group. The highest mor-
tality risk was observed in the AO/VDD group (HR =2.23; 95% CI: 1.50-3.33).

Conclusions: AO combined with 25(0OH)D deficiency increases mortality risk in older adults. Early identification and manage-
ment of these conditions could reduce this risk.

1 | Introduction women [1]. Sex differences in abdominal adipose tissue distri-

bution are evident across adulthood. Men show a predominance
Abdominal obesity (AO) is characterised by the accumulation of abdominal adiposity that increases with age, whereas women
of visceral fat in the abdomen region and is identified by a waist exhibit mainly gluteofemoral adiposity, with ageing associated
circumference (WC) exceeding 102cm for men and 88cm for with a progressive shift towards abdominal fat accumulation
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[2, 3]. WC is an accessible measure of abdominal fat [2], even
in the face of these sex differences, and is linked to adverse out-
comes such as dyslipidaemia [4], cardiovascular disease [4], and
mortality [5, 6].

Besides AO, serum vitamin D concentrations tend to decline with
age, with different patterns between sexes, earlier in women,
around age 50, and later in men, around age 70 [7, 8]. A reduced
bioavailability of the vitamin D precursor (7-dehydrocholesterol)
occurs due to decreased skin thickness and a drop in vitamin
D receptor (VDR) numbers in cells during ageing [7, 9]. This
leads to a diminished capacity to synthesise and distribute vi-
tamin D in tissues [10], thereby increasing the risk of vitamin
D deficiency, characterised by serum 25-hydroxyvitamin D
[25(0OH)D] <30nmol/[7, 11], affecting approximately 15% of
older people [12].

Studies have demonstrated an inverse relationship between in-
creasing abdominal fat and decreasing serum 25(0OH)D levels
[2,13,14]. VDR expression in adipocytes may be one mechanism
that mediates this connection [2]. Obese individuals exhibit re-
duced expression of enzymes involved in vitamin D metabolism.
To compensate for this imbalance, VDRs sequester circulating
25(0OH)D in adipose tissue, creating a vitamin D reservoir that
reduces its bioavailability and potentially leads to vitamin D de-
ficiency [2, 15].

The coexistence of AO and vitamin D deficiency can have
systemic consequences and increase the risk of death. Excess
abdominal fat is associated with chronic low-grade inflamma-
tion, insulin resistance, and oxidative stress [3, 16]. Moreover,
low levels of 25(OH)D impair immune regulation and can
heighten the inflammatory response, particularly in indi-
viduals with obesity [17]. Together, these processes worsen
metabolic dysfunction and systemic inflammation and dis-
rupt cellular homeostasis, which may raise the risk of death
[15, 17, 18].

Although some studies have indicated a link between obesity,
vitamin D deficiency, and a higher risk of death, evidence sup-
porting this connection remains limited in older adults. Saliba
et al. monitored 174 781 Israelis aged 20 and over for 4years and
found that individuals with obesity (body mass index [BMI]
>30kg/m?) had a higher risk of death when their 25(OH)D lev-
els were below 40 nmol/[15]. Furthermore, the authors observed
an increased risk of death among individuals of normal weight
(BMI<25kg/m?) when 25(0H)D levels were <61nmol/L,
compared with those with sufficient levels (>75nmol/L). Song
et al. tracked 40058 Americans aged 20 and over for 12years
and reported a higher risk of death among those with obesity
(BMI>30kg/m?) and AO (WC > 102cm for men and > 88 cm for
women) who also had vitamin D insufficiency (> 30 to <50 nmo-
1/L) or deficiency (< 30nmol/L), compared with individuals with
levels above 50nmol/L [18].

Evidence about whether the combined conditions of AO and
25(0OH)D deficiency may raise the risk of death in older adults
remains limited. Therefore, we investigated whether the coexis-
tence of AO and vitamin D deficiency increases the risk of death
among individuals aged 50 or older.

2 | Materials and Methods
2.1 | Study Population

The English Longitudinal Study of Ageing (ELSA) is a prospec-
tive panel study with a representative sample of community-
dwelling English individuals aged 50years or older. The ELSA
Study started in 2002, with participants who previously took
part in the Health Survey for England in 1998, 1999, and 2001
[19]. In the ELSA Study, home interviews are conducted every
2years using questionnaires, and additional visits by the nurs-
ing team are carried out every 4years to collect biomarkers, as
well as to perform physical examinations and functional perfor-
mance tests. Details of the study design have been described in a
previous publication [20].

The baseline for this study corresponds to Wave 6 of the ELSA
Study (2012/2013), when serum 25(OH)D concentrations were
first collected. Wave 6 of the ELSA Study (2012/2013) included
9169 individuals. Of these, 1439 did not attend the nurse visit.
Blood collection was not performed in participants with clot-
ting or bleeding disorders, a history of seizures, or current use
of anticoagulant medication [21], resulting in 1860 individu-
als with missing serum 25(0OH)D data. Among the remaining
5870 individuals, 97 were excluded for missing WC data, and
another 253 were excluded due to missing covariate informa-
tion. Consequently, the final sample included 5520 individuals
(Figure 1).

2.2 | Mortality

Death dates for participants who died during the specified
period were obtained from the UK National Health Service
Mortality Registry. Mortality data were collected in Waves 7
(2014/2015), 8 (2016/2017), and 9 (2018/2019), covering a six-
year period (Figure 2).

23 | AO

AO was assessed by measuring WC. In the ELSA Study, this
measurement was performed using a flexible, non-stretchable
tape measure placed at the midpoint between the last rib and
the upper margin of the iliac crest, and it was recorded twice. Ifa
discrepancy greater than three centimetres was found between
the two measurements, a third measurement was taken. For
analysis, the average of the two valid measurements, or if neces-
sary, the two closest measurements was used. AO was defined as
WC >102cm for men and > 88 cm for women [1].

2.4 | Serum Concentrations of Vitamin D

Serum 25(0OH)D concentrations at baseline were measured in
blood samples collected by the nursing team and analysed at
the Royal Victoria Infirmary in the United Kingdom using the
DiaSorin Liaison immunoassay, which has an analytical sensi-
tivity of 7.5nmol/L and a coefficient of variation of 8.7%-9.4%.
All assays were performed in duplicate, and the laboratory
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FIGURE1 | Flowchart of participant selection at baseline in the English longitudinal study of ageing.

participated in the Vitamin D External Quality Assessment
Scheme [7]. Serum concentrations were classified according
to the Institute of Medicine criteria: sufficiency (>50nmol/L),
insufficiency (>30 to <50nmol/L), and deficiency (<30nmo-
/L) [11].

2.5 | Classification of Groups

At baseline, participants were divided into six groups based on
the presence of AO and serum 25(OH)D levels: non-abdominal
obesity/vitamin D sufficiency (NAO/VDS); non-abdominal
obesity/vitamin D insufficiency (NAO/VDI); non-abdominal
obesity/vitamin D deficiency (NAO/VDD); abdominal obesity/
vitamin D sufficiency (AO/VDS); abdominal obesity/vitamin D
insufficiency (AO/VDI); and abdominal obesity/vitamin D defi-
ciency (AO/VDD).

2.6 | Covariates

Covariates were selected based on a theoretical framework de-
rived from previous studies documenting the determinants of
AO and vitamin D deficiency, as well as their associations with
each other and with mortality [15, 18].

The sociodemographic variables considered were age (in years),
sex, ethnicity (white or non-white), marital status (with conjugal
life [married individuals or those in a stable union] or without
conjugal life [separated, divorced, or widowed individuals]),
family wealth, and schooling. Wealth was divided into quintiles
using the British standard, based on the household's total wealth
(including savings, investments, property, and other assets).
Schooling was classified according to the British educational
system (> 13years, 12-13years, <11years) [20].

The behavioural characteristics of interest included smoking
status (non-smoker, ex-smoker, or smoker), frequency of al-
cohol consumption (rarely/never, frequently, daily, or did not
respond), and physical activity level. Physical activity was as-
sessed using the Physical Activity and Sedentary Behaviour
Assessment Questionnaire (PASBAQ), administered as part of
the Health Survey for England [22]. Participants reported the

frequency (once a week, more than once a week, one to three
times a month, or hardly ever or never) and intensity (vigorous,
moderate, or light) of physical activity. Physical activity levels
were classified as follows: vigorous (any vigorous activity at least
once a week), moderate (moderate activity at least once a week),
low (only light activity at least once a week), and inactive (no
weekly activity) [23].

Clinical conditions were documented based on self-reported
diagnoses of hypertension, diabetes mellitus, cancer, heart dis-
ease, lung disease, stroke, osteoporosis, and osteoarthritis.

Depressive symptoms were defined as a score of >4 on the eight-
item Centre for Epidemiologic Studies Depression Scale (CES-D)
[24, 25]. Memory was assessed using immediate and delayed re-
call tests, in which participants were asked to recall a word list
immediately after exposure and again after a five-minute delay.
Performance was measured by the total number of words cor-
rectly recalled, ranging from 0 to 20, with higher scores indicat-
ing better cognitive performance [25].

The biochemical markers of interest were total cholesterol, LDL,
HDL, and triglycerides levels (mg/dL), treated as continuous
variables [26].

Grip strength was measured in kilograms to assess muscle
strength and treated as a continuous variable [27]. BMI was cal-
culated as weight in kilograms divided by height in square me-
tres (kg/m?) and was treated as a continuous variable [28].

The season in which blood samples were collected to measure
serum 25(OH)D concentration was recorded and classified as spring
(March to May), summer (June to August), autumn (September to
November), or winter (December to February) [2, 7]. Vitamin D
supplementation was also included as a control variable.

2.7 | Ethical Aspects

The ELSA Study received approval from the National
Research Ethics Service (London Multicentre Research Ethics
Committee—MREC 01/2/91), and all participants provided in-
formed consent.
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2.8 | Statistical Analyses

Descriptive statistics were used to assess participants’ base-
line characteristics. Quantitative variables were reported
as means and standard deviations, and qualitative variables
as proportions. Differences based on AO status and serum
25(0OH)D levels were analysed using the chi-square test and
ANOVA with Tukey's post hoc test. In addition, a comparative
analysis was conducted between participants included in the
study and those excluded because of missing baseline data. All
deaths occurring during the six-year follow-up period were
considered.

The Kaplan-Meier method was used to plot survival curves
and assess associations between AO status and serum 25(0OH)D
concentrations. Differences between the curves were evaluated
using the log-rank test. Cox regression models were used to ex-
amine whether the coexistence of AO and vitamin D deficiency
is a risk factor for mortality. The interaction between AO and
serum 25(0OH)D status and sex was formally tested using the
Wald test, and no statistically significant interaction was ob-
served (p=0.24).

Initially, a univariate analysis was conducted, guided by a theo-
retical framework. Variables with p <0.20 in this analysis were
included in the multivariable model. In the final model, associ-
ations with p <0.05 were considered statistically significant. In
the Cox regression model, the NAO/VDS category served as the
reference category. All analyses were performed using Stata 17
statistical software (StataCorp, College Station, TX, USA).

3 | Results

Among the 5520 participants at baseline, 24.9% were in the non-
abdominal obesity/vitamin D sufficiency (NAO/VDS) group,
14.8% in the non-abdominal obesity/vitamin D insufficiency
(NAO/VDI) group, 9.9% in the non-abdominal obesity/vita-
min D deficiency (NAO/VDD) group, 18.9% in the abdominal
obesity/vitamin D sufficiency (AO/VDS) group, 17.0% in the
abdominal obesity/vitamin D insufficiency (AO/VDI) group,
and 14.5% in the abdominal obesity/vitamin D deficiency (AO/
VDD) group. A total of 419 deaths (7.6%) occurred during the
six-year follow-up, with 17.4% in the NAO/VDS group, 18.6% in
the NAO/VDI group, 14.1% in the NAO/VDD group, 15.5% in
the AO/VDS group, 14.3% in the AO/VDI group, and 20.1% in
the AO/VDD group.

Baseline sample characteristics are presented in Tables 1 and
2. The mean age of participants was 66years. The sample was
predominantly female (55.2%), white (97.3%), in a conjugal re-
lationship (67.0%), with lower educational attainment (38.0%),
and with higher wealth (22.9%). Regarding lifestyle habits, par-
ticipants were mainly ex-smokers (50.2%), frequently consumed
alcohol (39.9%), and had moderate levels of physical activity
(47.9%) (Table 1). The most common clinical conditions were
overweight (42.2%), osteoarthritis (38.9%), and hypertension
(37.4%) (Table 2).

Participants in the AO/VDD group were older and more likely to
be women, non-white, not have a conjugal life, have a lower level

of schooling and income, were more likely to smoke, consumed
less alcohol, and were more physically inactive (Table 1). They
also had a higher prevalence of hypertension, diabetes, heart
disease, lung disease, stroke, osteoarthritis, and depressive
symptoms, as well as lower HDL cholesterol levels, higher tri-
glycerides levels, and a higher prevalence of obesity, along with
lower average grip strength and poorer memory performance
compared to those in the NAO/VDS group (Table 2).

Compared to the NAO/VDI group, participants in the AO/VDD
group were older, more likely to be women, not have a conju-
gal life, have a lower level of schooling and income, be non-
smokers, consume less alcohol, and be more physically inactive
(Table 1). They also had a higher prevalence of hypertension,
diabetes, heart disease, lung disease, stroke, osteoarthritis, and
depressive symptoms, as well as lower total cholesterol and HDL
cholesterol levels, higher triglycerides levels, and obesity, along
with lower mean grip strength and poorer memory performance
(Table 2).

Compared to the NAO/VDD group, the participants in the AO/
VDD group were more likely to be women and ex-smokers
(Table 1). They also had a higher prevalence of hypertension,
diabetes, heart disease, and osteoarthritis, as well as lower HDL
cholesterol levels, higher triglyceride levels, and obesity, and ex-
hibited lower mean grip strength (Table 2).

Compared to the AO/VDS group, participants in the AO/VDD
group were more likely to be non-white, less likely to have a
conjugal life, had a lower income, smoked more, consumed less
alcohol, and were more physically inactive (Table 1). They also
had a higher prevalence of diabetes, depressive symptoms, as
well as lower HDL cholesterol levels, higher triglycerides levels,
obesity, and had lower mean grip strength (Table 2).

Participants in the AO/VDD group were more likely to be non-
white, not have a conjugal life, have a lower income, smoke more,
and be more physically inactive (Table 1). They also experienced
a greater frequency of depressive symptoms and had lower mean
grip strength compared to those in the AO/VDI group (Table 2).

Tables S1 and S2 present a comparative analysis of baseline
characteristics between participants included and those ex-
cluded because of missing data. Excluded individuals were
older, more likely to be non-white, unmarried, and to have lower
schooling and income. They were also more likely to be smok-
ers, to drink alcohol less frequently, and to have lower levels of
physical activity (Table S1). Clinically, excluded participants had
a higher prevalence of hypertension, diabetes mellitus, cancer,
heart disease, stroke, osteoporosis, and depressive symptoms.
Biochemically, they had lower HDL and LDL cholesterol levels,
higher triglycerides, and were more often obese. Functionally
and cognitively, they exhibited lower grip strength and poorer
memory performance (Table S2).

The final Cox regression models are presented in Table 3.
Among participants without AO, those in the NAO/VDI and
NAO/VDD groups had a 91% (HR=1.91; 95% CI: 1.37-2.66)
and 81% higher risk of death (HR=1.81; 95% CI: 1.25-2.62),
respectively, compared to the NAO/VDS group. Among par-
ticipants with AO, the AO/VDS and AO/VDI groups had a 47%
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AO/VDD
=799)
11124
12.33bde
35.8abde
2.0%4

(n

=936)
7.2b¢d
27.1°
2.6%4

43,604

AO/VDI
(n

=1042)
4.5b¢
34.0°
44.6b¢
8.2b¢

AO/VDS

(n

=549)
13.82b
10.6%°
30.12b

1.62

(n

NAO/VDD

=819)
7.82
16.8

44.42
1.7

NAO/VDI
(n

NAO/VDS
=1375)
5.2
30.1
47.0
6.8

(n

5520)

Total
23.8
42.3
26.4

4.4

(n

(Continued)

Vitamin D supplementation, (%)

Summer
Autum
Winter

Abbreviations: AO/VDD, Abdominal obesity/vitamin D deficiency; AO/VDI, Abdominal obesity/vitamin D insufficiency; AO/VDS, Abdominal obesity/vitamin D sufficiency; HDL, high-density lipoprotein; LDL: low-density

lipoprotein; NAO/VDD, Non-abdominal obesity/vitamin D deficiency; NAO/VDI, Non-abdominal obesity/vitamin D insufficiency; NAO/VDS, Non-abdominal obesity/vitamin D sufficiency.

Note: Quantitative variables expressed as mean +standard deviation (SD). Qualitative variables expressed as percentages (%).

TABLE 2

(HR=1.47; 95% CI: 1.02-2.14) and 50% higher risk of death
(HR=1.50; 95% CI: 1.01-2.23), respectively. Notably, the AO/
VDD group showed the highest risk, with a 123% higher risk
of death (HR =2.23; 95% CI: 1.50-3.33) compared to the NAO/
VDS group.

4 | Discussion

Based on this large sample of English individuals, our results
demonstrated that the AO/VDD group had a higher risk of death
during the six-year follow-up period compared to the NAO/
VDS group.

Previous research on younger adults has shown that obesity
and vitamin D deficiency are associated with higher mortal-
ity risk. For example, Saliba et al. followed 174781 Israelis
aged >20years for 4years and found that obese individu-
als (BMI>30kg/m?) had higher mortality risk only when
25(0OH)D concentrations were below 40nmol/L. For normal-
weight individuals (BMI<25kg/m?), the threshold for ele-
vated risk was slightly higher, and overweight individuals
(BMI 25-29.9 kg/m?) had increased risk when serum 25(0OH)D
concentrations were below 61 nmol/L and 48 nmol/L, respec-
tively [15]. Similarly, Song et al., analysing 40058 adults
aged >20years from the NHANES cohort over 12years, re-
ported a 53% higher risk of death among obese participants
(BMI >30kg/m?) with 25(0H)D deficiency (<30nmol/L),
and a 57% higher risk among individuals with AO (>102cm
for men, >88cm for women) and 25(OH)D deficiency, com-
pared to non-abdominally obese participants with sufficient
25(OH)D. Notably, normal-weight and non-abdominally obese
participants with low 25(OH)D also had elevated mortality
risk (51%-55%), similar to that of obese participants [18].

Although evidence exists in younger adults, studies in older
populations remain scarce. Furthermore, differences in study
design make direct comparisons difficult and limit the identi-
fication of high-risk subgroups. Our study addresses these gaps
by examining the joint impact of AO and 25(OH)D deficiency on
mortality in adults aged > 50years.

One possible mechanism underlying our results is that vi-
tamin D plays a crucial role in regulating the immune re-
sponse, exerting anti-inflammatory effects by inhibiting
pro-inflammatory cytokine production and enhancing regu-
latory T lymphocyte activity [29]. This regulation is impaired
when serum 25(OH)D levels are deficient, thereby promoting
a chronic low-grade inflammatory state even in the absence
of excess body fat [29]. Furthermore, 25(OH)D deficiency im-
pairs endothelial function, disrupts the renin-angiotensin sys-
tem balance, and alters cellular energy metabolism, thereby
increasing susceptibility to cardiovascular and metabolic dis-
orders [17]. These effects are even more pronounced in older
populations, as they are associated with muscle mass loss,
reduced mobility, and a weakened immune response [7, 30].
Therefore, 25(OH)D deficiency can impair multiple physio-

y different from non-abdominal obesity/vitamin D sufficiency (p <0.05).
ly different from non-abdominal obesity/vitamin D insufficiency (p <0.05).
y different from non-abdominal obesity/vitamin D deficiency (p <0.05).

y different from abdominal obesity/vitamin D sufficiency (p <0.05)
ly different from abdominal obesity/vitamin D insufficiency (p <0.05).

FEEEE logical systems even in individuals with healthy body com-
=] =] =] eps . . .

55888 position, fostering the development of chronic diseases and
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EEEEE contributing to higher mortality rates [17, 29].
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Both conditions are damaging in their own right, particularly
in people with AO. However, the impact may be intensified be-
cause VDRs sequester circulating 25(0OH)D when excess body
fat is present, thereby reducing the vitamin's overall bioavail-
ability and limiting its immunomodulatory effects [2, 31].

Another potential mechanism that could explain our findings is
the development of an exacerbated inflammatory environment
and metabolic dysfunction caused by the coexistence of AO
and 25(OH)D deficiency, which may increase the risk of death.
The accumulation of visceral fat is closely linked to chronic

TABLE 3 | Final Coxregression model for mortality risk over 6 years
based on abdominal obesity status and serum 25(OH)D levels in 5520
individuals aged 50 or older in the ELSA Study (2012-2018).

HR 95% CI
Non-abdominal obesity/vitamin D 1.00
sufficiency (NAO/VDS)
Non-abdominal obesity/vitamin D 1.91 (1.37-2.66)
insufficiency (NAO/VDI)
Non-abdominal obesity/vitamin D 1.81 (1.25-2.62)
deficiency (NAO/VDD)
Abdominal obesity/vitamin D 1.47 (1.02-2.14)
sufficiency (AO/VDS)
Abdominal obesity/vitamin D 1.50 (1.01-2.23)
insufficiency (AO/VDI)
Abdominal obesity/vitamin D 2.23 (1.50-3.33)

deficiency (AO/VDD)

Note: Model adjusted for sex, age, schooling level, wealth, marital status,
ethnicity, smoking, alcohol intake, physical activity level, hypertension, diabetes
mellitus, cancer, heart disease, lung disease, stroke, osteoporosis, cholesterol
levels, body mass index, depressive symptoms, vitamin D supplementation,
season of blood collection, and grip strength. Variables significantly associated
with increased mortality risk: age, wealth, smoking, physical activity level,
diabetes mellitus, cancer, lung disease, osteoporosis, body mass index,
depressive symptoms. Variables significantly associated with a protective effect
for mortality (p <0.05): sex, body mass index, grip strength.

Abbreviations: CI, confidence interval; HR, hazard ratio.

low-grade inflammation, characterised by the continuous pro-
duction of pro-inflammatory cytokines, including interleukin-6,
tumour necrosis factor-a, and C-reactive protein [16]. This in-
flammatory environment promotes insulin resistance, oxidative
stress, and mitochondrial dysfunction, undermining cellular
signalling and the regulation of energy metabolism, thereby in-
creasing the risk of mortality [3, 16].

The strengths of this study include the use of a representative
sample of community-dwelling English adults aged 50years or
older and the examination of a wide range of sociodemographic,
behavioural, and clinical variables, which together enabled a
more robust and consistent fit of the Cox proportional hazards
models. The relatively long follow-up period further enhanced
the robustness of the findings. Our study appears to be the first
to identify the combination of AO and 25(OH)D deficiency as a
risk factor for death in a sample of older individuals.

The present study has limitations that should be acknowledged.
First, because the ELSA sample comprised only community-
dwelling individuals, the results cannot be generalised to in-
stitutionalised populations. Another limitation is the absence
of tests for determining body composition, such as dual-energy
X-ray absorptiometry (DXA) and computed tomography, which
provide greater accuracy in measuring abdominal fat [32, 33].
Although these methods are more precise, their use in popula-
tion studies is impractical due to high costs and the need for spe-
cialised equipment and trained technicians. Therefore, we chose
to use WC, a simple, low-cost measure widely used to predict ad-
verse outcomes [34]. Additionally, participants excluded from the
analyses differed in certain characteristics from those included.
However, the fact that AO/VDD was identified as a risk factor
even in a sample with a lower prevalence of mortality predictors
suggests that our results are robust. Consequently, the risk as-
sociated with AO/VDD may be underestimated, reinforcing the
clinical significance of our findings. Lastly, the ELSA study does
not include the collection of key biochemical markers for our re-
search, such as serum parathyroid hormone (PTH) levels, which
are inversely associated with serum 25(OH)D concentrations.
Elevated PTH levels indicate secondary hyperparathyroidism,

-
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FIGURE2 | Survival curve based on abdominal obesity status and serum 25(0OH)D levels, derived from the final Cox proportional hazards model.
Note: NAO/VDS: Non-abdominal obesity/vitamin D sufficiency; NAO/VDI: Non-abdominal obesity/vitamin D insufficiency; NAO/VDD: Non-
abdominal obesity/vitamin D deficiency; AO/VDS: Abdominal obesity/vitamin D sufficiency; AO/VDI: Abdominal obesity/vitamin D insufficiency;

AO/VDD: Abdominal obesity/vitamin D deficiency.
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a condition that can also contribute to the accumulation of ab-
dominal fat.

The coexistence of AO and vitamin D deficiency increases
mortality risk. These findings highlight the potential benefits
of routine screening and appropriate clinical management for
both conditions to reduce mortality among individuals aged 50
and older.
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