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Abstract The therapeutic potential of curcumin for 
many diseases are intensively investigated. However, real-
world observational data documenting health and longev-
ity effects associated with dietary curcumin in turmeric 
from consuming curry in food is lacking. A prospective 
cohort study of 4551 adults aged 55 + assessed curry con-
sumption (never or < once/year, ≥ once/year to < once/
month, ≥ once/month to < once/week, ≥ once/week 
to < daily, ≥ once daily), prevalent health conditions, blood 
biomarker indexes of atherogenicity, insulin resistance, 
and inflammation at baseline, and mean (SD) 11.6 (3.8) 
year follow up of all-cause, CVS and cancer mortality. 
There were linear positive associations of increasing curry 
consumption with waist circumference, fasting blood glu-
cose, TyG, AIP, CRI-1, CRI-2, central obesity and dia-
betes prevalence, and inverse association with eGFR. 

There were non-linear associations with  FEV1/height2 and 
COPD prevalence, GDS score and depression, MMSE 
score and cognitive impairment, comorbidity count, serum 
albumin and haemoglobin, being most favourable with 
moderate consumption. The levels of NLR, PLR and SII 
indices of systemic and immune inflammation decreased 
linearly with curry consumption. Total mortality HR 
adjusted for baseline co-variables, decreased across curry 
consumption, 0.68 (95%CI 0.56–0.82), 0.54 (95%CI 0.43–
0.69), 0.70 (0.52–0.93), and 0.62 (0.41–0.95), being lowest 
in the middle categories. Among participants with cardio-
metabolic and vascular diseases (CMVD), at least occa-
sional curry consumption was associated with decreased 
mortality risk by 39%, and increased life expectancy by 
1.0  years. Among those without CMVD, the associated 
life expectancy increase was 1.9  years. Moderate curry 
consumption may confer meaningful longevity benefits.
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Abbreviations 
AIP  Atherogenic Index of Plasma (AIP)
CRI-1  Castelli Risk Index-1
CRI-2  Castelli Risk Index-2
TyG  Triglyceride-glucose index
NLR  Neutrophil-lymphocyte ratio
LMR  Lymphocyte-monocyte ratio
PLR  Platelet-lymphocyte ratio
SIII  Systemic and immune inflammation index
GDS  Geriatric Depression Scale
MMSE  Mini Mental State Examination
eGFR  Estimated glomerular filtration rate
FEV1  Forced expiratory volume in one second
COPD  Chronic obstructive pulmonary disease

Introduction

Turmeric, a common spice obtained from the roots 
of Curcuma longa, has been in use as a traditional 
Indian and Chinese medicine for centuries. Cur-
cumin isolated from turmeric is a non-toxic polyphe-
nolic compound which has attracted great scientific 
interest for its therapeutic potentials. Its powerful 
antioxidant, anti-inflammatory, anti-neoplastic, anti-
microbial, antiviral and anti-aging activities are well 
documented in numerous laboratory studies [1–5]. 
The potential of curcumin as a low-cost and well-
tolerated treatment for many diseases including can-
cers, diabetes, obesity, cardiovascular, pulmonary, 
neurological and inflammatory diseases have been 
investigated in over 100 randomized controlled tri-
als (RCT). Uncertainty still surround the clinical 
efficacy of curcumin even for those deemed most 
promising (in cardio-metabolic and inflammatory 
disorders), in which its antioxidant and anti-inflam-
matory actions play crucial roles. In clinical stud-
ies, curcumin reduces the levels of proinflammatory 
cytokines IL-1 and TNF-α [6], with dose-responses 
analyses indicating non-linear effects. Experimen-
tal data suggest that curcumin is notably a hormetic 
agent (hormetin), exhibiting biphasic dose-responses. 
It has stronger effects at low doses than high doses 
for functions such as activation of protein kinase sig-
nalling pathway), while acting at high doses for other 
functions such as autophagy and cell death [7].

Curcumin is most widely and naturally consumed in 
food through the turmeric spice commonly used to pre-
pare curry meals among Asians. There is a paucity of 

studies documenting real world observations of the health 
and longevity effects associated with the consumption of 
food with curry rich in curcumin. In this population-based 
prospective cohort study, we investigated curry consump-
tion and associated profiles of health and blood biomark-
ers of atherogenicity, insulin resistance and inflammation, 
and its association with 12-year mortality risk among 
4,500 middle-aged and older adults in the Singapore Lon-
gitudinal Ageing Study (SLAS).

Methods

Study design and participants

We analysed data in two combined population 
cohorts (N = 6074), SLAS-1 and SLAS-2, of older 
adults aged ≥ 55 years at recruitment, excluding indi-
viduals who were unable to participate due to severe 
physical or mental disability. Details of the method-
ology have been previously described [8, 9]. Briefly, 
SLAS-1 recruited 2804 residents from Sep 2003–Dec 
2004, and SLAS-2 recruited 3270 residents from Mar 
2009–Jun 2013. Trained nurses and research assis-
tants performed face-to-face questionnaire interviews 
and clinical and fasting blood sample measurements 
to collect a wide range of socio-demographic, life-
style, behaviour, psychological, neurobehavioral, 
medical and other data at baseline. The first follow-
up visits were conducted approximately 3–5  years 
after the initial interview. Participants were followed 
up over mean (SD) of 11.6 (SD 3.8) years on mor-
tality outcome. Ethics Approval. The study was 
approved by National University of Singapore IRB 
(Ref: 04–140). All participants gave written informed 
consent to participate in the study. ClinicalTrials.gov 
Identifier: NCT03405675.

Measurement data

Baseline data of participants were available for curry 
consumption (N = 5226), metabolic profile (waist cir-
cumference, blood pressure and hypertension, fasting 
blood glucose (FBG) and diabetes, and lipid panel, 
N = 5533), estimated glomerular filtration rate (eGFR, 
N = 5433), and blood cell count (N = 5616). This 
resulted in a complete analytical set of data belonging 
to 4551 study participants. Mortality follow up was 
complete for all participants.
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Curry consumption

Participants were asked at baseline and follow-up inter-
views how frequently they usually consumed curry: never 
or rarely (< once a year), occasionally (at least once/year 
to less than once/month), often (at least once/month to less 
than once/week, very often (at least once a week or daily). 
Participants were also asked whether their curry consump-
tion had remained mostly unchanged or have changed. 
Strictly consistent responses at baseline and follow up 
interviews were used to assign participants unequivocally 
to the highest (daily) and lowest (never or rarely) consump-
tion category. Participants who consistently reported ‘occa-
sional’ or ‘often’ or ‘very often’ consumption frequencies at 
baseline and follow up were also assigned as such to these 
categories. For slightly inconsistent responses (one fre-
quency category apart), the higher consumption response 
was used to assign to the nearest category. For more widely 
inconsistent responses, we used the average response score 
to assign them to the nearest approximate response cat-
egory, ‘occasional’, ‘often’ or ‘very often’.

Demographic and lifestyle measures

Demographic variables included age, sex and education 
(0 years, 1–6 years or > 6 years). Housing characteristic 
(low-end 1–2 room public housing apartments, 3 rooms, 
or higher-end 4 + rooms or others) was used to indicate 
socio-economic status based on the Singapore popula-
tion census data. Social isolation was assessed by mari-
tal status (single, divorced or widowed versus married) 
and living arrangement (live alone versus living with 
others). The level of instrumental social support was 
assessed by summed scores on three questions: having 
someone to confide (0 = no, 1 = yes), frequency of visits 
by family or friends, or phone calls by family or friends 
(0 = none, 1 = at least once/year, 2 = at least once/month, 
3 = at least once week). Lifestyle factors included num-
ber and frequency of participation (on a 5-point Likert 
scale) in 16 categories of physical, social and productive 
activities to derive aggregate score with higher scores 
indicating greater participation [8].

Health measures

The presence of chronic diseases was determined by a 
structured questionnaire listing diagnosis and treatment of 
17 named and other medical conditions, corroborated by 

drug names on medication packages, or report of diagnos-
tic procedures, or clinical or blood measurements. Fasted 
blood samples were analysed for total blood cell counts, 
haemoglobin, serum albumin, fasting blood glucose 
(FBG), lipid profiles: total cholesterol (TC), low-density 
lipoprotein-cholesterol (LDL-c), high-density lipoprotein 
cholesterol (HDL-c), triglyceride (TG), and eGFR.

Cardio-metabolic and vascular diseases (CMVD)

Prevalent cardiovascular disease was assessed by self-
reported history of myocardial infarct, heart failure, atrial 
fibrillation, peripheral vascular disease or stroke. Predia-
betes or diabetes was determined by FBG ≥ 5.6 mmol/L 
or self-reported history of diabetes diagnosis and anti-
diabetic treatment. Hypertension was determined by 
self-reported history of hypertension diagnosis and 
anti-hypertensive treatment, or measurements of sys-
tolic blood pressure ≥ 140 mmHg and/or diastolic blood 
pressure ≥ 90  mmHg. Central obesity was defined by 
waist circumference ≥ 80 cm in women and ≥ 90 cm in 
men. Dyslipidemia was defined by TG ≥ 1.7 mmol/L or 
HDL-c < 1 mmol/L in men and < 1.3 mmol/L in women, 
or use of lipid lowering drugs, based on clinical practice 
guideline recommendations.

Other health measures

Pulmonary function including forced expiratory vol-
ume in 1 s  (FEV1), and forced vital capacity (FVC), and 
the presence of chronic obstructive pulmonary disease 
 (FEV1/FVC < 0.70) was assessed by pre-bronchodil-
atation spirometry (the ndd EasyOne™ Spirometer) 
[10], in accordance with the American Thoracic Soci-
ety standardization of spirometric tests. Depression was 
assessed by summed scores of the Geriatric Depression 
Scale 15-items (GDS-15) score (0–15), and the presence 
of depressive symptoms was defined by GDS ≥ 5) [11]. 
Prevalent depression was defined by GDS ≥ 5 or history of 
depression in the previous year or the use of anti-depres-
sant medications. Global cognitive function was assessed 
by scores on the validated translated and modified version 
of the Mini-Mental State Examination (MMSE) [12], and 
cognitive impairment was defined by MMSE ≤ 23. Serum 
creatinine was measured by the Jaffe’s kinetic method and 
eGFR calculated using the Chronic Kidney Disease Epi-
demiology Collaboration equation in the Chinese popula-
tion [13]. The presence of chronic kidney disease (CKD) 
was defined by eGFR below 60 mL/min/1.73  m2.



972 GeroScience (2024) 46:969–980

1 3
Vol:. (1234567890)

Metabolic indices

Fasting blood measurements of TC, LDLc, HDLc, TG 
and FBG in mmol/L concentrations were measured using 
standard laboratory methods. They were used to calcu-
late atherogenic indexes including Atherogenic Index of 
Plasma (AIP) = log10 (TG/HDLc), Castelli Risk Index-1 
(CRI-1 = TC/HDLc) and Castelli Risk Index-2 (CRI-
II = HDLc/LDLc), which have been documented to be 
more robust predictors of atherosclerosis and cardiovas-
cular events [14, 15] than individual lipid abnormalities. 
(The Atherogenic Coefficient (AC = TC –HDLc / HDLc) 
was also calculated, but given its singularity with the CRI-
1, was omitted in the analysis). Triglyceride-glucose index 
(TyG), calculated using mg/dl concentrations of fasting 
TG and FBG by Ln(TG × FBG/2), is a validated surrogate 
index of insulin resistance and diagnostic marker of meta-
bolic syndrome [16].

Blood inflammatory markers

Simple routine blood counts of neutrophils (N), lympho-
cytes (L) and platelets (P) were used to calculate neu-
trophil–lymphocyte ratio (NLR), lymphocyte-monocyte 
ratio (LMR), platelet-lymphocyte ratio (PLR), and sys-
temic and immune inflammation (SII) index = P x N/L), 
which have been shown in recent years to be accurate 
and reliable measures of systemic and immune inflam-
mation, and useful for clinical prognostic evaluation of 
patients with cancers, cardio-metabolic syndromes, and 
COPD, and others [17–21].

Mortality outcome

Date and cause of death from baseline up to 31 Dec 
2020 was determined using the participant’s unique 
National Registration Identity Card number for com-
puterized record linkage with the National Death 
Registry through the National Disease Registry Office 
of the Ministry of Health.

Statistical analysis

Differences in prevalent health biomarkers between curry 
exposure groups were examined using ANOVA for con-
tinuous variables, and Chi-square for categorical vari-
ables, using general linear models and logistic regression 

to control for confounding by risk factor. The association 
of curry consumption with mortality was evaluated using 
Kaplan–Meier survival analysis and Cox proportional 
hazards regression analysis. Hazard ratio (HR) and 95% 
confidence intervals (95%CI) were estimated in hierarchi-
cal models controlling for age, sex and ethnicity (Model 
1), and additionally for socio-demographic and behav-
ioural factors (Model 2), health and blood biomarker 
indices (Model 3), and inflammatory indices (Model 4). 
The joint exposure of CMVDs with curcumin consump-
tion was assessed by a four-category variable: (1) CMD 
non-consumer: CMDs with never/rarely curry consump-
tion, (2) CMD consumer: CMDs with at least occasional 
to daily curry consumption, (3) CMD-free non-consumer: 
CMD-free with never/rarely curry consumption, (4) 
CMD-free consumer: CMD-free with at least occasional 
to daily curry consumption. All statistical analyses were 
performed using IBM SPSS Statistics version 27.

Results

Socio-demographic and behavioural profile

The mean (SD) age of the study participants (N = 4551) was 
66.1 (7.6) years, and 63.4% were women. Among them, 18% 
never or rarely consumed curry, and 82% consumed curry at 
least occasionally (once a year); 11% consumed curry at least 
once/week but not daily, and 3% consumed curry daily.

Curry consumption and baseline characteristics 
(Table  1) There were significant linear trends across 
curry consumption groups of fewer women or Chinese, 
but non-linear associations were found for other sociode-
mographic factors. Participants who never/rarely or daily 
consumed curry were more likely to be older, less edu-
cated, housed in lower-end apartments, single/divorced/
widowed, and had less instrumental social support. They 
were more likely to be smokers, alcohol drinkers, and less 
physically, socially and vocationally active.

Cardio-metabolic and vascular disease

Waist circumference and prevalent central obesity, 
FBG, TyG and prevalent diabetes increased linearly 
with increasing curry consumption, and were highest in 
those who consumed curry at least once/week or daily. 
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Table 1  Baseline characteristics of SLAS study participants (N = 4551) by curry consumption levels at baseline

Never or rarely Occasional Often Very Often Daily Crude Adjusted*
Never 
or < once/year

 > once/year,  
< once/month

 > once/month,  
< once/week

 > once/week, not 
daily

 ≥ once daily p P

N of participants 828 2060 1006 514 143
Sex: Women 68.5 (567) 66.1 (1361) 60.4 (608) 52.5 (270) 52.5 (81)  < 0.001c

Age, years 68.1 ± 8.2 65.9 ± 7.3 65.6 ± 7.3 64.9 ± 7.2 66.8 ± 7.6 0.001b

Ethnicity: Chinese 97.0 (803) 94.4 (1945) 90.3 (908) 72.9 (375) 63.6 (91)
Malay, Indian and 

Other
3.0 (25) 5.6 (115) 9.8 (98) 27.1 (139) 36.4 (52)  < 0.001c

Education: 0 years 28.1 (233) 16.3 (336) 13.8 (139) 13.4 (69) 23.8 (34)  < 0.001
  1–6 years 41.2 (341) 38.8 (800) 34.3 (345) 33.7 (173) 41.3 (59)
  > 6 years 30.7 (254) 44.9 (924) 51.9 (522) 52.9 (272) 35.0 (50)

Housing: 1–2 room 17.3 (143) 14.3 (294) 10.4 (105) 19.1(98) 19.6 (28)  < 0.001
  3-room 30.0 (248) 26.4 (543) 25.0 (252) 24.3 (125) 30.8 (44)
  4 + room and 

private
52.8 (437) 59.4 (1223) 64.5 (649) 56.6 (291) 49.7 (71)

Single/divorced/wid-
owed

36.8 (305) 30.0 (617) 27.0 (272) 33.1 (170) 31.5 (45)  < 0.001

Instrumental support 
(0–13)

29.7 (246) 23.8 (490) 21.0 (211) 24.9 (128) 25.2 (36)  < 0.001

  (14–15) 36.2 (300) 37.5 (772) 35.2 (354) 35.6 (183) 36.4 (52)
  (16–17) 34.1 (282) 38.7 (798) 43.8 (441) 39.5 (203) 38.5 (55)

Smoking: Past 
smoker

11.7 (97) 8.8 (181) 11.5 (116) 13.2 (68) 11.2 (16)  < 0.001

Current smoker 7.2 (60) 7.6 (156) 6.3 (63) 11.9 (61) 9.8 (14)
Alcohol >  = once /week 4.5 (37) 3.6 (74) 5.3 (53) 6.4 (33) 5.6 (8) 0.024
Physical activity score 2.18 ± 1.75 2.35 ± 1.68 2.32 ± 1.79 2.35 ± 1.80 1.92 ± 1.61 0.004
Social activity score 2.85 ± 2.51 3.17 ± 2.46 3.27 ± 2.48 3.11 ± 2.49 2.48 ± 2.07 0.001
Productive activity score 3.72 ± 1.92 3.87 ± 1.82 4.12 ± 1.90 3.98 ± 1.91 3.59 ± 1.77 0.001
Medical comorbidities 

count
2.45 ± 1.58 2.33 ± 1.47 2.37 ± 1.47 2.36 ± 1.52 2.62 ± 1.47 0.018b 0.349a

Cardiovascular 
diseases

13.0 (108) 11.0 (226) 10.7 (108) 10.7 (55) 12.6 (18) 0.483 0.830

Hypertension 64.1 (531) 59.7 (1229) 62.8 (632) 64.0 (329) 65.0 (93) 0.090 0.568
Central obesity 47.9 (397) 52.6 (1083) 53.3 (536) 56.2 (289) 55.9 (80) 0.003c 0.026
Diabetes 16.2 (134) 14.7 (302) 14.9 (150) 15.8 (81) 26.6 (38) 0.001c 0.316
Metabolic syndrome 43.0 (356) 47.5 (978) 46.3 (466) 47.9 (246) 53.1 (76) 0.045 0.022
COPD  (FEV1/

FVC < 0.70)
22.9 (190) 17.8 (366) 18.3 (184) 14.6 (75) 15.4 (22)  < 0.001c 0.305

Depression (GDS ≥ 5, 
treatment)

9.8 (41) 5.8 (60) 3.6 (29) 7.6 (30) 7.7 (21)  < 0.001 0.030

Cognitive impair-
ment (MMSE < 23)

13.0 (108) 6.0 (123) 6.2 (62) 9.3 (48) 15.4 (22)  < 0.001 0.008

Chronic kidney disease 5.6 (46) 4.1 (84) 5.2 (52) 5.1 (26) 5.6 (8) 0.410 0.905
Cancer 2.1 (17) 2.7 (56) 2.6 (26) 1.6 (8) 0.7 (1) 0.305 0.417

Gastro-intestinal 
conditions

5.9 (49) 6.9 (142) 6.3 (63) 5.4 (28) 7.0 (10) 0.727 0.661

Musculoskeletal 
conditions

19.2 (159) 16.1 (331) 17.7 (178) 17.2 (88) 15.4 (22) 0.330 0.302
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Higher levels of AIP, CRI-1 and CRI-2 indices were 
also linearly associated with increasing curry consump-
tion. Systolic BP and prevalent hypertension showed no 
discernible trends across curry consumption level, but 
diastolic BP showed an inverse U-shaped trend. eGFR 
decreased linearly across increasing curry consumption. 
The prevalence cardiovascular disease was not signifi-
cantly different across curry consumption levels.

Other clinical and blood measurement profiles

There were non-linear trends of association of curry 
consumption with  FEV1/height2 and COPD prevalence, 
GDS score and depression, MMSE score and cognitive 
impairment, as well as comorbidity count, being most 
favourable in those with moderate curry consumption, 
between ≥ once year and ≥ once/month to < daily. Serum 

Table 1  (continued)

Never or rarely Occasional Often Very Often Daily Crude Adjusted*
Never 
or < once/year

 > once/year,  
< once/month

 > once/month,  
< once/week

 > once/week, not 
daily

 ≥ once daily p P

GDS score 1.44 ± 2.33 1.00 ± 1.82 1.07 ± 2.04 1.14 ± 2.16 1.75 ± 2.81  < 0.001b 0.001b

MMSE score 26.9 ± 3.5 27.9 ± 2.6 27.9 ± 2.6 27.8 ± 3.0 26.6 ± 3.4  < 0.001b 0.001b

FEV1/Ht, L/m 1.05 ± 0.30 1.15 ± 0.30 1.15 ± 0.31 1.18 ± 0.33 1.05 ± 0.33  < 0.001b 0.002b

Albumin 42.1 ± 3.0 42.4 ± 2.7 42.5 ± 2.6 42.5 ± 2.4 42.1 ± 3.2 0.001b 0.095b

Haemoglobin 13.3 ± 1.3 13.4 ± 1.4 13.5 ± 1.3 13.7 ± 1.5 13.4 ± 1.5  < 0.001b 0.178b

eGFR 119.3 ± 40.5 113.0 ± 37.9 115.7 ± 41.5 113.1 ± 40.7 109.7 ± 38.0 0.001a 0.009b

Waist circumference 
(men)

86.9 ± 9.8 88.1 ± .5 88.4 ± 8.4 88.9 ± 10.2 91.4 ± 11.5 0.011a 0.029a

Waist circumference 
(women)

80.2 ± 10.1 81.7 ± 9.9 81.9 ± 9.7 83.9 ± 10.6 82.8 ± 12.0  < 0.001a 0.016b

Sitting SBP 131.0 ± 16.7 129.2 ± 15.5 131.1 ± 16.2 130.8 ± 16.8 130.7 ± 14.9 0.006b 0.022b

Sitting DBP 80.1 ± 10.1 80.6 ± 9.6 81.6 ± 9.5 82.3 ± 8.9 81.0 ± 10.3 0.001b 0.068b

Fasting blood glu-
cose, mmol/L

5.31 ± 1.58 5.35 ± 1.51 5.40 ± 1.51 5.48 ± 1.61 5.83 ± 2.37 0.002a 0.050b

TyG 9.19 ± 0.54 9.23 ± 0.53 9.25 ± 0.53 9.25 ± 0.55 9.28 ± 0.61 0.009a 0.122b

AIP = Log (TG/
HDLc)

–0.08 ± 0.27 –0.06 ± 0.27 –0.05 ± 0.26 –0.04 ± 0.27 –0.05 ± 0.29 0.018a 0.044b

CRI-I = TChol/HDL-
Chol

3.84 ± 1.06 3.85 ± 1.00 3.94 ± 1.00 3.96 ± 1.03 3.92 ± 1.25 0.006a 0.289b

CRI-II = LDLc/HDLc 2.37 ± 0.87 2.37 ± 0.80 2.45 ± 0.82 2.46 ± 0.82 2.42 ± 0.97 0.011a 0.205b

LMR 5.21 ± 2.45 5.33 ± 2.63 5.30 ± 1.88 5.11 ± 1.75 5.46 ± 1.91 0.242a 0.304b

NLR 1.83 ± 0.85 1.80 ± 0.84 1.75 ± 0.87 1.79 ± 0.76 1.65 ± 0.73 0.018a 0.091a

PLR 137.5 ± 55.1 139.9 ± 56.3 135.6 ± 53.4 133.4 ± 53.0 118.4 ± 40.0  < 0.001a 0.012b

SII index 460.4 ± 269.4 458.9 ± 276.9 442.6 ± 263.5 456.3 ± 228.5 404.5 ± 199.8 0.022a 0091b

Figures shown are percentage (number) or mean ± SD
COPD: self-report or FEV1/FVC < 0.70; Chronic kidney disease; self-report or eGFR < 60 ml/min/1.73 m; Low HDL-Chol: HDL-
Chol < 1.03 (male) or < 1.29 (female)
ANOVA: alinear-p; bquadratic-p; Chi-squared: clinear
*Adjusted for age, sex and ethnicity, education, housing, marital status, social support, smoking, alcohol, physical, social and pro-
ductive activity
GDS: Geriatric Depression Scale; MMSE: Mini Mental State Examination; eGFR: estimated glomerular filtration rate;
TyG: Triglyceride-glucose index (TyG) = Ln(TG × FBG/2) calculated using mg/dl concentrations of fasting TG and FBG
AIP: Atherogenic Index of Plasma = log10 (TG/HDLc), CRI-1: Castelli Risk Index-1 = TC/HDLc; CRI-II: Castelli Risk 
Index-2 = HDLc/LDLc;
NLR: neutrophil–lymphocyte ratio, LMR: lymphocyte-monocyte ratio, PLR: platelet-lymphocyte ratio, SII index: systemic and 
immune inflammation index
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Table 2  All-cause mortality rates by curry consumption (N = 4552)

Sample Curry consumption N Person-years (py) Deaths Mortality rate per 1000 
py

Estimate 95% CI

Whole Never or rarely (Never or < once/year) 828 9568.6 250 26.1 23.0 29.5
Occasionally (> once/year, < once/month 2060 23522.9 317 13.5 12.0, 15.0
Often (> once/month, < once/week) 1006 12201.1 140 11.5 9.7 13.5
Very often (> once/week, not daily) 514 5891.3 90 15.3 12.4 18.7
Daily (≥ once daily) 143 1774.5 34 19.2 13.5 26.5

CMVD: Yes Never or rarely (Never or < once/year) 400 4435.2 153 34.5 29.3 40.3
CMVD: Yes Occasional to daily (> once/year to daily) 1919 21902.2 360 16.4 14.8 18.2
CMVD: No Never or rarely (Never or < once/year) 428 5133.3 97 18.9 15.4 22.9
CMVD: No Occasional to daily (> once/year to daily) 1804 21487.5 221 10.3 8.8 11.5

Table 3  Associations of curry consumption with all-cause, CVS and cancer mortality risks

Model 1: age, sex, ethnicity
Model 2: Model 1 + housing type, education, marital status, living alone, instrumental social support score, smoking, alcohol, physi-
cal activity, social activity, productive activity
Model 3: Model 2 + comorbidity count, metabolic syndrome, waist circumference, SBP, DBP, fasting blood glucose, eGFR, GDS 
score, MMSE score, FEV1/Ht, albumin, haemoglobin,TyG, AIP, CRI-1, CRI-2,
Model 4: Model 3 + blood inflammatory indices
*p < 0.05, **p < 0.01, ***p < 0.001

All-cause mortality CVS mortality Cancer mortality

Curry consumption HR 95% CI HR 95% CI HR 95% CI

Model 1 Never or rarely 1 1 1
Occasionally 0.64 0.54 0.76 *** 0.63 0.46 0.86 ** 0.62 0.47 0.84 **
Often 0.47 0.38 0.57 *** 0.48 0.33 0.70 *** 0.48 0.33 0.69 **
Very often 0.66 0.51 0.85 ** 0.57 0.36 0.91 * 0.65 0.42 1.02
Daily 0.59 0.41 0.86 ** 0.48 0.24 0.95 * 0.69 0.36 1.33

Model 2 Never or rarely 1 1 1
Occasionally 0.68 0.57 0.81 *** 0.70 0.52 0.95 * 0.62 0.46 0.83 **
Often 0.50 0.41 0.62 *** 0.54 0.37 0.79 ** 0.47 0.33 0.69 ***
Very often 0.72 0.56 0.93 * 0.68 0.43 1.09 0.63 0.40 0.98 *
Daily 0.60 0.41 0.86 ** 0.49 0.24 0.97 * 0.67 0.35 1.29

Model 3 Never or rarely 1 1 1
Occasionally 0.68 0.57 0.83 *** 0.71 0.50 0.99 * 0.59 0.43 0.82 **
Often 0.54 0.43 0.69 *** 0.57 0.37 0.87 ** 0.45 0.30 0.68 ***
Very often 0.69 0.52 0.92 * 0.74 0.44 1.23 0.49 0.29 0.83 **
Daily 0.61 0.40 0.93 * 0.54 0.25 1.17 0.78 0.39 1.55

Model 4 Never or rarely 1 1 1
Occasionally 0.68 0.56 0.82 *** 0.71 0.50 1.01 0.59 0.42 0.81 ***
Often 0.54 0.43 0.69 *** 0.58 0.38 0.88 * 0.45 0.30 0.67 ***
Very often 0.70 0.52 0.93 * 0.75 0.44 1.25 0.49 0.29 0.83 **
Daily 0.62 0.41 0.95 * 0.54 0.25 1.17 0.80 0.40 1.60
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albumin and haemoglobin also showed significant non-
linear relationships, and were most favourable in the 
middle curry consumption categories. There were no 
significant differences in the prevalence of cancer, mus-
culoskeletal and gastro-intestinal conditions.

Inflammation biomarkers The levels of NLR, 
PLR and SII indices of systemic and immune inflam-
mation showed significantly decreasing linear trends 
with increasing curry consumption.

Mortality

A total of 831 deaths occurred over 52,958 person-
years of observation Table 2. All-cause mortality rate 
was highest among participants who never/rarely con-
sumed curry, and decreased to the lowest among those 
who consumed curry often, thereafter to a higher level 
among daily consumers. Adjusted for age, sex and eth-
nicity (base model), the HR referenced to never/rarely 
(HR = 1) were 0.64, 0.47, 0.66 and 0.59.

Additional co-variables in the model altered HRs 
toward the null, but the adjusted HRs remained signifi-
cantly decreased, by 32% in those with occasional curry 
consumption, maximally at 46% in those who often con-
sumed curry, but with no greater decrease in all-cause 
mortality (30% and 38%) at higher consumption levels 
(Table  3, Fig.  1). There were similar results for CVS 
and cancer mortality. In Kaplan–Meier survival analy-
sis, the mean survival time was 14.4 ± SE 0.17  years, 
15.7  years ± SE 0.09  years, 16.0 ± SE 0.12  years, 
15.5 ± SE 0.20 years, and 15.0 ± 0.40 years respectively 
in participants who never or rarely, occasionally, often, 
very often and daily consumed curry, suggesting possi-
ble increased life expectancy by 0.6 to 1.6 years.

Joint effect analysis Referent to those with CMDs 
who rarely or never consumed curry, the multivaria-
ble-adjusted mortality HR suggested that curry con-
sumption reduced the CMD-related mortality risk by 
approximately 39% (Table  4). In Kaplan–Meier sur-
vival analysis, the mean survival duration was 15.2 ± SE 
0.22  years in participants with CMDs who never or 
rarely consumed curry, and 16.2 years ± SE 0.09 years 
in those with CMVDs who occasionally to daily con-
sumed curry. The mean survival duration was 13.5 ± SE 
0.27  years in those who were CMVD-free and never 
or rarely consumed curry, and 15.4 ± 0.10  years in 
those who were CMVD-free and occasionally to daily 

consumed curry, suggesting increased life expectancy 
by 1.0 years among those with CMVDs and by 1.9 years 
among those without CMVD (Fig. 2).

Discussion

Cardio-metabolic health effects

Laboratory studies suggest curcumin improves glu-
cose homeostasis, lipid metabolism, endothelial 

Fig. 1  12-year mortality rate and adjusted hazard ratio (HR) 
associated with curry consumption (Singapore Longitudinal 
Ageing Study). Footnote: Usual curry consumption frequency. 
‘Never or rarely’: < once a year), ‘occasionally’: at least once/
year to less than once/month, ‘often’: at least once/month 
to less than once/week, ‘very often’: at least once a week or 
daily. Hazard ratio (HR): Adjusted for age, sex, ethnicity, hous-
ing type, education, marital status, living alone, instrumental 
social support score, smoking, alcohol, physical activity, social 
activity, productive activity, comorbidity count, metabolic syn-
drome, waist circumference, SBP, DBP, fasting blood glucose, 
eGFR, GDS score, MMSE score, FEV1/Ht, albumin, haemo-
globin, TyG, AIP, CRI-1, CRI-2, and blood inflammatory indi-
ces. Reference exposure category: ‘never or rarely’
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function and insulin signalling [2], and decreases 
cardiac hypertrophy and chronic heart failure [4], but 
clinical evidence of cardio-metabolic health benefits 
remain limited or contradictory [22, 23]. Among a 
few naturalistic studies, a randomized, controlled 
crossover study has demonstrated that a single curry 
meal consumption significantly improved postpran-
dial endothelial function in healthy Japanese men 
[24]. Only one population-based observational study 
has reported significantly lower blood glucose and tri-
glyceride levels in Koreans with moderate (2–4 times 
month) curry consumption versus no curry consump-
tion [25]. However, in our observational study, par-
ticipants with greater curry consumption were more 
likely to show an adverse cardio-metabolic profile. 
This was not unexpected in this study population. 
Curry meals are typically prepared with meat or veg-
etables together with other ingredients such as coco-
nut milk or dairy milk, sugar, and cooking oils with 
higher content of saturated fatty acids (ghee, coconut 
oil, palm oil, corn oil). It is thus probable that the 
dietary consumption of turmeric is associated with 
higher calorie and saturated fats intake in the Singa-
pore population.

Longevity effect Remarkably, despite their adverse car-
dio-metabolic profile, participants with occasional to daily 
curry consumption had 12-year all-cause and CVS-related 
mortality risks that were between 30 and 46% lower than 
those who never or rarely consumed curry. Curry con-
sumption also appeared to lower cardio-metabolic-related 

mortality by 39%. This striking paradox may be explained 
by the decreasing levels of NLR, PLR and SII indices 
of systemic and immune inflammation associated with 
increasing curry consumption, suggesting the protective 
anti-inflammatory effects of curcumin.

Hormetic dose–response Laboratory studies indi-
cate a dose dependent effect of curcumin for some 
biological functions which are greater at lower doses 
[9, 10]. Our results showed discernible U-shaped 
trends of relationships with mortality risks, as well 
as for prevalent GDS/depression, MMSE/cognitive 
impairment, and levels of serum albumin and haemo-
globin, most favourable in the low to moderate range 
of curry consumption. On the other hand, the results 
suggest a linear relationship between increasing curry 
consumption and lower COPD prevalence.

Biological mechanisms

On its own, curcumin as a pure chemical compound 
has low water solubility and bioavailability and is 
rapidly metabolised [26]. For this reason, lipid-based 
therapeutic formulations of curcumin in the forms of 
liposomes, polymeric micelles, phospholipid com-
plexes, and micro-emulsions or nanoparticles are used 
in clinical trials. The observable effects of dietary 
intake of curcumin may be made possible by different 
routes to systemic bioavailability and efficacy. Dietary 
curcumin is ingested via turmeric, which contains 
structural analogues of essential oils (turmeric oil) 

Table 4  Associations of curry consumption with all-cause mortality risks by cardio-metabolic and vascular disease

†Age, sex, ethnicity, housing type, education, marital status, living alone, instrumental social support score, smoking, alcohol, physi-
cal, social and productive activity scores, comorbidity count, cancer, depression, cognitive impairment, eGFR, FEV1/Ht, Hb, Alb
¶Statistical interaction (CMVD x curry), p = 0.006
*p < 0.05, **p < 0.01, ***p < 0.001

Cardio-metabolic 
and vascular disease

Curry consumption HR 95% CI

Adjusted for age, sex, ethnicity Yes Never or rarely
Yes At once/year to daily 0.54 0.45 0.66 ***
No Never or rarely 0.70 0.55 0.91 **
No At once/year to daily 0.45 0.36 0.55 ***

Adjusted for age, sex, ethnicity, social, economic, health 
behaviour, other medical morbidities and blood biomark-
ers †¶

Yes Never or rarely 1
Yes At once/year to daily 0.61 0.47 0.76 ***
No Never or rarely 0.93 0.69 1.24
No At once/year to daily 0.61 0.47 0.78 ***
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such as zingiberene, α-Turmerone and β-Turmerone 
[27]. Spices such as chilli, pepper, cumin, coriander, 
and plant-based cooking oils, are commonly blended 
with turmeric in the preparation of curry meals. 
Turmeric oil, together with spice oils, as well as the 
actions of intestinal bile salts, may act as a unique 
lipid-based oral delivery system for enhanced solubil-
ity and bioavailability. Moreover, the combination of 
piperine in black pepper with curcumin in turmeric 
has been shown to increase the bioavailability of 

curcumin by 2000%, as well as inhibiting the intes-
tinal and hepatic glucuronidation of curcumin [28]. 
High concentrations of curcumin remain in the intes-
tines after oral ingestion. Curcumin could exert direct 
regulatory effects on physiological systems primar-
ily in the gastrointestinal tract. Bacterial enzymatic 
actions on curcumin may form pharmacologically 
more active metabolites than curcumin. Studies show 
that by enhancing the diversity of the gut microbiota, 
curcumin and its metabolites restore gut microbial 

Fig. 2  Kaplan–Meier 
cumulative survivals by 
curry consumption at least 
one a year to daily versus 
never or rarely (less than 
once a year) among partici-
pants with cardio-metabolic 
and vascular diseases (top 
panel) and those without 
(bottom panel)
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dysbiosis, decreases gut permeability and inflamma-
tion, and metabolic endotoxemia associated with a 
high fat diet, obesity, metabolic syndrome, diabetes, 
CVD and neurodegenerative diseases [29].

Turmeric is often used in curry meals together with 
other culinary herbs and spices such as cardamom, cin-
namon, coriander seeds, fennel, and others that have 
also been investigated for their therapeutic potentials as 
anti-tumour, ant-microbial, ant-inflammatory and anti-
oxidative agents with broad spectrum benefits across 
multiple diseases [30–32]. The health and longevity ben-
efits observed in this study may arguably be attributed not 
only to turmeric and curcumin, but to other spices as well. 
However, curcumin is the most prominent and commonly 
used spice among them, and, it has the most extensive 
body of scientific data in support of its potential health 
and longevity benefits, far more than any other spice. This 
should be explicated with more studies.

Strengths and limitations Potential exposure mis-
classification of curry consumption was minimized by 
repeated baseline and follow up measurements, and 
mortality ascertainment was complete. Some observed 
associations between curry consumption and baseline 
health and biomarker profiles may be subject to preva-
lence bias, hence calling for caution in interpretation. 
Curry consumption is associated with many socio-
demographic and health behavioural factors in this 
population. Although their confounding influences were 
controlled in multivariable analyses, the possibility of 
residual confounding cannot be completely excluded. As 
curry consumption is especially related to non-Chinese 
ethnicities and associated socio-economic factors, we 
performed a sensitivity analysis by repeating the Cox 
regression modelling using only data of participants 
of Chinese ethnicity. The results shown in the online 
Supplementary Table  S1 reveal very similar findings. 
Finally, turmeric consumption in this study may be typi-
cal of populations in South and South East Asia, where 
turmeric is commonly used in cooking, but more studies 
should be conducted in a diversity of other populations.
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