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Abstract
Introduction Infections may be associated with an increased risk of poor brain health and frailty among older 
people, but evidence from low-and-middle-income countries (LMICs) is limited. We aimed to investigate associations 
between nine infections and cognition, depression, and frailty in India.

Methods We conducted a cross-sectional study using data from Wave 1 (2017–2019) of the Longitudinal Aging 
Study in India (LASI) survey of adults (≥ 45years) from 35 of India’s 36 states and union territories. Data were collected 
via face-to-face interviews and direct health measurements. We investigated the association between nine infections, 
either self-reported ever (periodontal disease) or in the two years before interview (jaundice/hepatitis, malaria, 
tuberculosis, typhoid, chikungunya, diarrhoea/gastroenteritis, dengue, urinary tract infection [UTI]), and measured 
global cognitive function, depression, and frailty. We used survey-weighted multivariable logistic regression to 
compare odds of impaired cognition, depression, and frailty in people with and without infections, overall and for 
individual infections.

Results We included 64,682 respondents; median age 59 years (IQR:50–67), 53.5% female, 35% reported at least one 
infection. After controlling for demographic, social/environmental and lifestyle factors, and chronic health conditions, 
we saw evidence of associations between infection and both depression (OR: 1.28 [95%CI: 1.22–1.35]) and frailty (OR: 
1.74 [95%CI: 1.65–1.84]). UTIs were associated with the highest odds of both depression (OR: 1.33 [95%CI: 1.14, 1.55) 
and frailty (OR: 2.94 [95%CI: 2.51, 3.44]). Reporting at least one infection was associated with reduced odds of impaired 
cognition (OR: 0.80 [95%CI: 0.74–0.86]).

Conclusions Our results suggest infections are associated with increased depression and frailty in adults over 45 
in India. Our finding of association between reported infections and better cognition, is potentially explained by 
preferential infection recall in those with better cognition. Longitudinal studies are needed to investigate potential 
causal links between infections and adverse brain health and frailty and guide interventions to improve the health of 
older people in India and other LMICs.
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Introduction
Population ageing is occurring rapidly in low- and mid-
dle-income countries (LMICs); it is estimated that by 
2050, 22% of the world’s population will be aged over 
60 years (2.1  billion people) [1]. Conditions affecting 
brain health and function are common in older age, with 
dementia and depression affecting 5% and 7% of individ-
uals aged over 60 worldwide [2]. Cognitive impairment 
refers to problems with memory or thinking; is it demon-
strated by a low score on a standardised cognitive assess-
ment. Cognitive impairment is not dementia in itself but 
can be a sign of the disease which will eventually cause 
dementia. Frailty, or an individual’s overall resilience and 
capacity to recover after health problems, is also strongly 
linked to age. Poor brain health and frailty are detrimen-
tal for individuals, their community and wider society, 
and have substantial economic costs [3]. Better under-
standing of risk factors for poor brain health and frailty 
in older age will help to inform prevention strategies, 
which are especially important in settings with limited 
treatment options.

Infections may affect future risk of poor brain health. 
There is strong evidence that infections directly affecting 
the central nervous system (CNS), such as viral encepha-
litis, are associated with impaired cognition (which can 
be an early sign of dementia) and dementia [4]. While 
biologically plausible that non-CNS infections are det-
rimental to brain health, via systemic inflammation [5, 
6] the links are less well understood. Non-CNS infec-
tions such as pneumonia and urinary tract infections 
(UTIs) are associated with increased risk of dementia 
[7], however, any links with an increased risk of cogni-
tive impairment are less clear. Limited evidence sug-
gests a dose-response relationship between the number 
of infections and subsequent risk of a mood disorder [8, 
9]. Increased frailty or functional decline has also been 
associated with severe non-CNS infections such as com-
munity-acquired bacteraemia and repeat infections such 
as recurrent UTIs [10, 11]. Despite India’s large infection 
burden and rapidly ageing population, infection-associ-
ated risks of poor brain health and frailty have not been 
systematically investigated in this setting [12]. 

We therefore aimed to conduct a cross-sectional study 
of the non-CNS infection associated risk of impaired 
cognition, depression, and frailty among adults ≥ 45 years 
using survey data from Phase 1 of the Longitudinal Aging 
Study in India (LASI).

Methods
Study population
Our study used data from Wave 1 of LASI (April 2017 
to December 2018) and included respondents aged 45 
years and older from 35 of India’s 36 states/union ter-
ritories (Sikkim not included). The LASI sampling 

frame included only community-dwelling individu-
als (excluding people in collective institutional living 
arrangements). LASI adopted a multistage stratified area 
probability cluster sampling design: three-stage sam-
pling in rural areas, and four-stage sampling in urban 
areas [13]. Respondents were asked to provide written 
informed consent in their preferred language. The con-
sent form was read to respondents who were unable to 
read and they were asked to provide signature or inked 
fingerprint as signature.

Data collection methods
Interviews were conducted by trained field investigators 
and covered topics including demographics, work, retire-
ment and pensions, health, and family and social net-
works. Proxy interviews were conducted for participants 
who were incapable of giving a full interview. Only par-
ticipants who were interviewed directly were included in 
our study. Trained health investigators took various other 
measurements including anthropometrics, blood pres-
sure, and dried blood spots.

Exposures
Our primary infection exposure was reporting at least 
one of any of nine types of infections: periodontal dis-
ease, jaundice/hepatitis, malaria, tuberculosis (TB), 
typhoid, chikungunya, diarrhoea/gastroenteritis, den-
gue, and urinary tract infection (UTI). Respondents were 
asked whether they had ever had periodontal disease, 
and whether they had had each of the other eight infec-
tions during the past two years. We also investigated each 
individual infection as a separate exposure in secondary 
analyses.

Outcomes
We focussed on three outcomes: (i) impaired cognition; 
(ii) depression; and (iii) frailty. Cognition was measured 
under three domains as part of the regular cognition 
module of the Health and Retirement Study (HRS): mem-
ory (score 0–20 based on the sum of immediate recall of a 
10-word list (score 0–10) and delayed recall of a 10-word 
list which is read to the respondent and recall is tested 
after time spent answering other survey questions); ori-
entation (score 0–4 for orientation to time [year, month, 
date, day]); and executive function (score 0–6 was the 
sum of the score of ability to subtract numbers and 
binary [correct/incorrect] score of ability to count back-
wards from 20) [14, 15]. The final score for each of the 
three domains was expressed as a Z-score, standardised 
using the study population mean and standard deviation. 
The average of the three Z-scores was calculated, giving a 
Global Cognition Function Score Z-score (GCF Z-score) 
for each individual, with positive and greater values indi-
cating better cognitive function. The primary cognition 
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outcome was a GCF Z-score in the bottom 10th percen-
tile for an individual’s 10-year age group, classified as the 
binary outcome of having impaired cognition [14, 16]. 
GCF Z-score as a continuous outcome was investigated 
in secondary analyses.

Depression was measured via ten items from the Cen-
tre for Epidemiology Studies Depression Scale (CES-D), 
validated for screening in older adults [17]. Seven items 
concerned negative symptoms, and three items con-
cerned positive symptoms (Table S1). Each item was 
given a score of 0–3 to reflect frequency of symptoms 
during the past week (0: “rarely or never”, 3:; “most or all 
of the time”), with scoring reversed for positive symp-
toms, to give a range of total scores between 0 and 30 
(with a higher score indicating more depressive symp-
toms). In the primary analyses, participants were consid-
ered to have the binary outcome ‘depression’ if for four 
or more of the questions they reported scores of 2 or 3 
(“often” or “most or all of the time” for the negative symp-
toms or “sometimes” or “rarely or never” for the positive 
symptoms). We investigated total CES-D score as a con-
tinuous outcome in secondary analyses.

Frailty was measured by calculating a frailty index, 
which was the mean of 37 binary (yes [1]/no [0]) 
responses to items covering five domains: activities of 
daily living (ADLs); co-morbidities; instrumental activi-
ties of daily living (IADL); mobility; and self-reported 
health (Table S2) [18]. Frailty index values ranged from 0 
to 0.89, with individuals with a frailty index ≥ 0.25 classi-
fied as ‘frail’, and those with scores less than 0.25 as ‘not-
frail’ [19, 20]. We considered frailty index as a continuous 
outcome in a secondary analysis.

Covariates
We considered the following variables as potential con-
founders: age, sex, social and environmental co-variates 
(poverty, caste, marital status, social contact, education 
level, household cooking fuel, sanitation level), lifestyle 
co-variates (alcohol, smoking, body mass index [BMI] 
categorised as per guidelines for South Asians into 
‘underweight’ [BMI < 18.5], ‘normal’ [BMI ≥ 18.5 & <23], 
‘overweight’ [BMI ≥ 23 & <25], ‘obese’ [BMI ≥ 25]), [21] 
chronic health conditions (controlled for via the frailty 
index, which contains information on co-morbidities and 
activities of daily living), and anaemia [15]. Interaction 
with the health care system (whether, or not, the respon-
dent had received health care or consulted with a health 
care provider in the past year), was investigated as an 
effect modifier. Details for each covariate are provided in 
Table S3.

Statistical analysis
Main analyses
We initially described the non-survey-weighted descrip-
tive characteristics (n [%] for categorical variables, and 
median [interquartile range [IQR]] for continuous vari-
ables) for individuals with and without at least one infec-
tion. We also described individuals who were and were 
not included in each of the main analyses (infection-cog-
nition, infection-depression, infection-frailty).

We survey weighted data at the individual level to 
account for unequal selection probabilities of households, 
and therefore individuals, differential non-response 
rates, and to bring the sample in line with key socio-
demographic variables within the reference population. 
We used the Stata svy commands to survey weight, and 
R survey package for all further analyses [22, 23]. We 
used logistic regression with robust standard errors to 
estimate odds ratios (OR) and 95% confidence intervals 
(95% CI) for each categorical outcome (impaired cogni-
tion, depression, frailty), and linear regression to estimate 
the difference in continuous outcomes (GCF Z-score, 
depression score, frailty index), in people with at least 
one infection relative to those without an infection. All 
analyses were complete case analyses.

For each outcome (cognition, depression, frailty), we 
initially ran minimally adjusted models controlling for 
sex and age. We then followed with sequential models 
additionally adjusting for: (1) social and environmen-
tal factors; (2) lifestyle factors; and (3) for cognition and 
depression outcomes only, frailty as a means of captur-
ing chronic health conditions (Table S3). We tailored 
our modelling approach appropriately for each of the 
three outcomes. We excluded weekly social contact 
with friends in the frailty analysis as social contact was 
not considered to be associated with increased frailty. 
We included categorical BMI in the depression analy-
sis but not in the frailty analysis as one of the items in 
the frailty index is “difficulty eating”, which is likely to be 
related to BMI (Table S2). We also did not include BMI in 
our analyses of impaired cognition, as low BMI may be a 
consequence of impaired cognition [24]. We adjusted for 
frailty in fully-adjusted cognition and depression analy-
ses to additionally adjust for chronic health conditions as 
the co-morbidities domain of the frailty index captures 
information on nine health conditions (Table S2). We 
did not adjust for chronic health conditions in analyses 
with frailty as an outcome as chronic comorbidities were 
included in the frailty outcome definition.

Sensitivity analyses
To test how robust our findings were, we repeated our 
main analysis including: (1) depression as a confounder 
in the association between at least one infection and 
impaired cognition and frailty; (2) impaired cognition as 
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a confounder in the association between infection and 
frailty; and (3) anaemia as a confounder in the association 
between malaria and each of impaired cognition, depres-
sion, and frailty.

Secondary analyses
In secondary analyses, we investigated each of the nine 
infections separately, comparing individuals with each of 
the nine infections to those without that specific infec-
tion on the same outcomes investigated in the main 
analysis (i.e., categorial and continuous measures of 
cognition, depression and frailty using logistic or linear 
regression as appropriate).

We also investigated whether the association between 
infections and each of impaired cognition, depression, 
and frailty, was: (1) stronger the more infections an indi-
vidual reported; or (2) modified by interaction with the 
health system, categorical age (45–59; 60–75; 75+), or 
sex.

Results
We identified a total of 82,650 surveyed individuals, 
72,262 participated in individual interviews, 65,575 of 
whom where aged 45 years and over. Proxy interviews 
were conducted for 694 participants who were incapable 
(cognitively or physically) to give a full interview. Exclud-
ing these participants resulted in a study population of 
64,682 respondents (Figure S1).

Median age was 59 years (IQR:50–67), and 53.5% were 
women. Accounting for survey weighting, 35.3% (95% CI: 
34.8–35.8) of participants reported at least one infection. 
The unweighted characteristics of those with at least one 
infection and without infection are shown in Tables  1 
and by infection status and outcome in Table S4. A larger 
proportion of those with an infection than those without 
an infection had received no, or less than, primary level 
education (infection 64.5%, no infection 55.1%), were 
anaemic (infection 8.2%, no infection 1.8%). Lower pro-
portions of those with at least one infection than those 
without used “clean” cooking fuels (infection 45.2%, no 
infection 56.6%) and had access to improved sanitation 
(infection 65.3%, no infection 73.6%). Other character-
istics such as age, sex, caste, marital status, and weekly 
contact with friends/family were similar by infection 
status. The unweighted demographic characteristics of 
respondents included in the fully adjusted analyses for 
each outcome were similar to those who were excluded 
due to not having complete case data (Tables S5, S6, S7).

The most common infection reported was periodon-
tal disease (15.7%), followed by diarrhoea (13.4%), 
malaria (8.5%), typhoid (5.8%), jaundice (2.7%), chi-
kungunya (2.6%), UTIs (2.1%), dengue (1.1%), and TB 
(0.9%). Of those reporting an infection, 23.4% reported 
just one infection, 8.2% had two infections, and 3.7% of 

respondents reported three or more infections (Table 
S8).

Cognition
The overall weighted prevalence of impaired cognition 
(bottom 10% of GCF Z-scores in 10-year age group) was 
10.5% (95% CI: 10.2, 10.8), similar among those with at 
least one infection 10.8% (95% CI: 10.3, 11.3) and among 
those without an infection 10.3% (95% CI:10.0, 10.7) 
(Fig. 1). In the fully adjusted model (adjusted for age, sex, 
social and environmental factors, lifestyle factors, frailty), 
having at least one infection was associated with reduced 
odds of impaired cognition, OR: 0.80 (95%CI:0.74–0.86), 
(Fig. 2, Table S9). Mean GCF Z-score was − 0.06 (95%CI: 
-0.05, 0.08) among those with at least one infection and 
0.01 (95% CI: 0.01, 0.02) among those without an infec-
tion, indicating a higher cognition among those without 
infection. However, the fully adjusted analyses revealed 
the reverse, having an infection was associated with a 
0.04 (95% CI: 0.03, 0.05) higher mean GCF Z-score rela-
tive to the uninfected, indicating a higher level of cogni-
tive function among those reporting an infection (Table 
S10).

Impaired cognition was lower among those report-
ing malaria, diarrhoea, typhoid, and periodontal disease, 
than among those without each infection (Table S11). 
In contrast, impaired cognition was higher among those 
reporting TB (OR: 1.50 [95% CI: 1.07, 2.10]) (Table S11), 
corresponding to a mean reduction in GCF Z-score of 
0.11 (95% CI: -0.17, -0.04) (Table S12). We saw no evi-
dence of association between jaundice, UTIs, chikungu-
nya or dengue and impaired cognition (Table S11).

Depression
Overall, 27.5% (95% CI: 27.1, 28.0) of participants were 
classified as depressed, the proportion was higher among 
those with at least one infection, 32.7% (95% CI: 31.9, 
33.5), than among those without an infection, 24.7% (95% 
CI: 24.2, 25.3) (Fig. 1). Those reporting at least one infec-
tion were more likely to be classified as depressed (OR 
1.28, 95% CI: 1.22–1.35), than those without an infection 
in fully adjusted models (Fig. 2, Table S13). Among those 
with at least one infection, mean depression score was 
10.39 (95% CI: 10.32, 10.46), indicating more depressive 
symptoms than the uninfected with a mean score of 9.33 
(95% CI: 9.28, 9.38). Similarly, after fully adjusting for 
age, sex, social and environmental factors, lifestyle fac-
tors, and frailty, the mean depression score was 0.70 (95% 
CI: 0.62, 0.79) units higher among those with at least one 
infection than those uninfected (Table S14).

Risk of depression was higher with each individual 
infection, except TB and dengue (Table S11). At par-
ticular risk were those reporting chikungunya (OR: 1.31 
[95% CI: 1.12, 1.53]), UTI (OR: 1.33 [95% CI: 1.14, 1.55]), 
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Characteristic No infection, N = 43,1351 At least one infection, N = 21,5471

Age (yrs) 58.00 [50.00–67.00] 59.00 [51.00–66.00]
Sex
 Male 20,505 (47.5) 9,549 (44.3)
 Female 22,630 (52.5) 11,998 (55.7)
 (Missing) 0 (0.0) 0 (0.0)
International Poverty Line2

 Above int poverty line 35,981 (83.4) >17,724 (>82.3)
 Below int poverty line 7,154 (16.6) 3,773 (17.5)
 (Missing) 0 (0.0) <50 (<0.1)
Caste3

 Scheduled caste (SC)/Scheduled tribe (ST)/Other backwards tribe (OBT) 30,591 (70.9) 15,808 (73.4)
 No caste or other 12,157 (28.2) 5,640 (26.2)
 (Missing) 387 (0.9) 99 (0.5)
Marital status
 Married/partnered >32,399 (>75.1) 16,342 (75.8)
 Not married 10,686 (24.8) 5,205 (24.2)
 (Missing) <50 (<0.1) 0 (0.0)
Weekly contact with friends/family4

 No 36,505 (84.6) 18,653 (86.6)
 Yes 6,110 (14.2) 2,650 (12.3)
 (Missing) 520 (1.2) 244 (1.1)
Education5

 Never attended school 18,814 (43.6) 11,472 (53.2)
 Less than primary 4,963 (11.5) 2,426 (11.3)
 Primary 5,865 (13.6) 2,677 (12.4)
 Middle school >4,350 (>10.1) 1,888 (8.8)
 Secondary 6,331 (14.7) 2,263 (10.5)
 Diploma/grad/post-grad/prof qualification 2,860 (6.6) 821 (3.8)
 (Missing) <50 (<0.1) 0 (0.0)
Household uses clean cooking fuel6

 No 17,889 (41.5) 11,423 (53.0)
 Yes 24,395 (56.6) 9,732 (45.2)
 (Missing) 851 (2.0) 392 (1.8)
Household has Improved Sanitation7

 No 10,546 (24.4) 7,076 (32.8)
 Yes 31,732 (73.6) 14,068 (65.3)
 (Missing) 857 (2.0) 403 (1.9)
Drinks Alcohol8

 Never 38,424 (89.1) 19,230 (89.2)
 Infrequently 2,472 (5.7) 1,417 (6.6)
 Frequently 1,959 (4.5) 806 (3.7)
 (Missing) 280 (0.6) 94 (0.4)
Ever smoked
 No 35,514 (82.3) 17,011 (78.9)
 Yes 7,336 (17.0) 4,432 (20.6)
 (Missing) 285 (0.7) 104 (0.5)
BMI Category
 Underweight (BMI < 18.5) 6,440 (14.9) 4,525 (21.0)
 Normal (BMI > = 18.5 & <23) 14,272 (33.1) 7,679 (35.6)
 Overweight (BMI > = 23 & <25) 6,166 (14.3) 2,746 (12.7)
 Obese (BMI > = 25) 12,192 (28.3) 5,043 (23.4)
 (Missing) 4,065 (9.4) 1,554 (7.2)
Anaemia9

Table 1 Unweighted characteristics of the LASI respondents by infection status (results are N (%) unless otherwise stated)
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periodontal disease (OR: 1.30 [95% CI: 1.22, 1.38], and 
jaundice (OR: 1.28 [95% CI: 1.11, 1.48]). This elevated 
risk corresponded to a mean increase in depression score 
ranging from 0.28 (95% CI: 0.16, 0.39) among those with 
diarrhoea, to 1.02 (95% CI: 0.76, 1.28) among those with 
chikungunya (Table S12).

Frailty
In total, 19.9% (95% CI: 19.5, 20.3) of participants were 
frail, with a higher proportion among those with at least 
one infection (25.4%, 95% CI: 24.7, 26.1), than among 
those without an infection (16.9%, 95% CI: 16.5, 17.4) 
(Fig. 1). Those who had at least one infection were more 
likely to be frail than those without an infection, (fully 
adjusted OR: 1.74, [95% CI: 1.65, 1.84]) (Fig. 2, Table S15). 
Median frailty index was 0.135 (IQR: 0.054, 0.270) among 
those with infection and 0.081 (IQR: 0.027, 0.189) among 
those without. In the fully adjusted model (adjusted for 
age, sex, social and environmental factors, lifestyle fac-
tors), mean frailty index was 0.039 (95% CI: 0.036, 0.042) 
higher among those infected than those uninfected, indi-
cating higher frailty, Table S16.

We saw strong evidence of increased frailty associated 
with each of the nine infections. At particular risk were 
UTIs (OR: 2.94 [95% CI: 2.51, 3.44]), jaundice (OR: 2.01 
[95% CI: 1.72, 2.36), periodontal disease (OR: 1.92 [95% 
CI: 1.79, 2.06]) (Table S11). The greatest mean increase in 
frailty index, 0.082 (95% CI: 0.072, 0.092), was associated 
with having a UTI (Table S12).

Sensitivity analyses
There was no evidence that depression confounded the 
association between infection status and either cogni-
tion or frailty. Nor was there evidence that cognition con-
founded the association between infections and frailty 
(Table S17). Additionally, adjusting for anaemia in the 
analysis investigating the association between malaria 
and frailty attenuated the odds ratio from 1.28 (95% CI: 
1.17, 1.40) to 1.17 (95% CI: 1.07–1.29), but the 95% CIs 
for the two estimates overlapped. Controlling for anae-
mia did not change the association between malaria and 
impaired cognition or frailty (Table S17).

Secondary analyses
Number of infections
Frailty increased with a respondent’s total number of 
reported infections, compared to those without an infec-
tion: OR: 1.69 (95% CI: 1.60-1.791) among those with 1–3 
infections, and OR: 3.60 (95% CI: 2.85, 4.53) among those 
reporting 4 or more infections (Table S18). There was no 
evidence of a difference in risk of impaired cognition or 
depression associated with a respondent’s total number 
of reported infections.

Effect modification
There were two examples of evidence of modification of 
the association between at least one infection and frailty: 
(1) the association was greater among those who had not 
attended a medical visit in the past year (OR: 1.98 [95% 
CI: 1.81, 2.17]), than among those who had (OR: 1.53 
[95% CI: 1.43, 1.64], p-value interaction: <0.001 Table S19); 

Characteristic No infection, N = 43,1351 At least one infection, N = 21,5471

 No >42,365 (>98.2) >19,738 (>91.6)
 Yes 786 (1.8) 1,759 (8.2)
 (Missing) <50 (<0.1) <50 (<0.1)
Medical visit10

 No 21,592 (50.1) 8,307 (38.6)
 Yes 21,158 (49.1) 13,082 (60.7)
 (Missing) 385 (0.9) 158 (0.7)
1Median [25-75%]; n (%)
2Whether the household falls above or at/below the international poverty line as defined by the World Bank which is currently set at $1.90 per person per day in 2011 
purchasing power parity (PPP) dollars
3SC/ST/OBC population is largely deprived of privileges, historically and socially marginalized, and vulnerable
4At least weekly contact with any of their friends or relatives (not including those they live with) in person
5Less than primary: standard 1–4, Primary: standard 5–7, Middle: standard 8–9, Secondary: standard 10–12
6Clean cooking fuel includes housing respondent reporting their main source of cooking fuel is liquefied petroleum gas (LPG), biogas, or electric
7Improved sanitation includes flush or pour flush toilet that flushes to a piped sewer system, flushes to a septic tank, or flushes to pit latrine, or if the housing 
respondent reports a twin pit/composting toilet or pit latrine, and the housing respondent reports that the household does not share their toilet facility with any 
other households
8Infrequently drinks alcohol: drinks less than three days per month. Frequently drinks alcohol: drinks one or more days per week
9Whether the respondent has had anaemia in the past two years
10Whether the respondent received health care from or consulted with a health care provider (including home visits) in the past year (i.e. outpatient visits)
11NB: to prevent disclosure we have used primary suppression to directly suppress cells with small counts (i.e. <50), and secondary suppression to suppress additional 
cells that do not have small counts themselves but which need to be suppressed to protect the values in the primarily suppressed cells

Table 1 (continued) 
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Fig. 1 Prevalence of (A) impaired cognition, (B) depression, (C) frailty by infection status (any infection and each individual infection)
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and (2) younger respondents were at higher risk of infec-
tion associated frailty (45–59 yrs OR: 1.91 [95% CI: 1.74, 
2.09], 60–75 years OR: 1.66 [95% CI: 1.54, 1.79], 75 + year 
OR: 1.38 [95% CI: 1.20, 1.58], p-value interaction: <0.001, 
Table S20). There was no evidence of effect modification 
of the association between infections and either impaired 
cognition or depression by medical visit attendance 
(Table S19), age (Table S20), or sex (Table S21), nor of 
effect modification of the association between infections 
and frailty by sex.

Discussion
Statement of principal findings
In a nationwide representative sample of those 45 years 
and older in India, we found self-reporting at least one 
of nine infections to be associated with increased frailty 
and depression. We found evidence of this association 
across a range of infection types. Only the chronic infec-
tion TB was associated with increased risk of impaired 
cognition. UTIs, which are typically acute, were strongly 
associated with both frailty and depression. The total 
number of infections a respondent reported was strongly 
associated with increased frailty, but not impaired cog-
nition or depression. The risk of impaired cognition was 
lower among those reporting an infection than among 
those not reporting an infection, implying a protective 
effect of infections against impaired cognition. However, 
this counter-intuitive result may be explained by under-
reporting of recent infections in people with impaired 
cognition. Respondents with TB, the only infection asso-
ciated with impaired cognition, may have more accurate 
recall considering it is a longer-term infection requir-
ing extensive drug regimens, than recall of shorter-term 
more acute infections such as UTIs, which have previ-
ously been found to be associated with increased demen-
tia [7]. 

Strengths
Due to a large sample size and weighting, the LASI Wave 
1 dataset is nationally representative of India’s population 
aged 45 years and older. Using this dataset allowed us to 
investigate relationships between infections and brain 
health outcomes in an under-represented population. 
Most previous studies investigating similar relationships 
have been set in high-income countries [7, 9–11] [25]. 
Our results are strengthened by our outcome measures 
not being reliant on health seeking behaviour; cognition, 
depression, and frailty were assessed systematically using 
validated tools.

Limitations
However, our study also has limitations. Unlike the veri-
fied outcome measures, the data collected on our expo-
sures of interest (infections) relied on self-reporting by 
respondents and are therefore vulnerable to misclassifi-
cation. LASI contains no laboratory confirmed diagnostic 
data nor information on duration or severity of infec-
tions. The absence of longer-term history of infection 
data (longer than two years for all infections except peri-
odontal disease) may have resulted in the misclassifica-
tion of individuals with longer-term previous infections 
as unexposed, therefore under estimating associations 
between infections and poor brain health. In our analyses 
we considered hepatitis and diarrhoea as having an infec-
tious cause; while this is likely in the setting, there are 
possible non-infectious causes of both [26, 27]. Exclud-
ing participants who were not cognitively or physically 
able to give full interviews (n = 694) may have excluded a 
sub-group at particular risk of infections and poor brain 
health.

Our analyses were conducted in accordance with Har-
monized LASI guidance, using individual post-stratifica-
tion weights provided to account for unequal selection 
probabilities and differential non-response. Although 

Fig. 2 Association between having at least one infection and impaired cognition, depression, and frailty. Social and environmental co-variates include; 
poverty, caste, marital status, social contact, education level, household cooking fuel, sanitation level; lifestyle co-variates include alcohol, smoking, BMI, 
and chronic health conditions adjusts for frailty, which contains information on co-morbidities as well as activities of daily living, hence this model is not 
run for the outcome of frailty
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robust standard errors were used, the lack of available 
primary sampling unit and strata variables in LASI mean 
that the effects of clustering may not be fully accounted 
for.

While we made efforts to account for the wide range 
of confounders ascertained in the LASI questionnaire, it 
is possible that residual confounding remained through 
unmeasured confounders such as potential genetic 
predispositions to infections and poor brain health. 
Adjusting for frailty, which included both measures of 
co-morbidities and activities of daily living, in the depres-
sion and impaired cognition models may have resulted 
in overadjustment. If the frailty index included media-
tors, this could lead to bias towards the null. Overadjust-
ment could also have resulted in collider bias if the frailty 
index was driven by other unmeasured risk factors for 
the outcome [28]. Nevertheless, given the consistency 
of associations between the models adjusting for social, 
environmental and lifestyle co-variates, and the mod-
els additionally including adjustment for frailty, this is 
unlikely to have majorly affected results. In secondary 
analyses investigating each of the nine infections as the 
exposure for each of the three outcomes, involved a large 
number of statistical models and therefore increases the 
risk of a false-positive finding. In addition, the cross-sec-
tional nature of the LASI Wave 1 data precluded the tem-
poral analyses required to rule out reverse causation and 
strengthen any conclusions regarding causal associations 
and pathways between infections and brain health.

Findings in the context of existing literature
Most of the nine infections investigated in our analyses 
were infections that typically present acutely. Whilst data 
from India and LMICs on the relationship between acute 
infections and brain health outcomes are scarce, there 
is a body of evidence from high-income countries [7, 
9–11] [25]. Contrary to our reported reduction in risk of 
impaired cognition among those reporting an infection, 
results from the UK have shown an increase in dementia 
risk after an acute infection [7]. Evidence of association 
was particularly strong for severe infections leading to 
hospital admission. Longitudinal analyses of cohort data 
from Finland and the UK also reported an increase in 
risk of incident dementia associated with hospitalisation 
for any of the 925 infections investigated, and concluded 
their findings suggested systemic inflammation rather 
than specific infection or pathogen was driving dementia 
risk [25]. 

Few studies have investigated the association between 
non-CNS infections and mental health outcomes, 
including depression. Consistent with our findings, two 
large Danish population studies reported an increase in 
the risk of diagnosis with a mood disorder associated 
with both infections treated in out-patient settings [9], 

typically milder, and infections resulting in hospitalisa-
tion [8]. Similarly, studies investigating chronic infections 
(including HIV, leishmaniasis and multidrug-resistant-
TB) and mental health/ depression, have also found an 
association [29–31]. 

Evidence of associations between infections and inci-
dent or worsening frailty is limited and often conflicting. 
Severe non-CNS infections such as community-acquired 
bacteraemia have been associated with increased frailty 
or functional decline [10], as have repeat infections such 
as recurrent UTI [11]. However, there is limited system-
atic investigation of frailty as an outcome across a range 
of infections, nor in LMIC settings. There is no LASI 
validated frailty index level for categorising frailty. We 
have used a cut off value of ≥ 0.25 to align with the Eng-
lish Longitudinal Study of Ageing, this differs from ≥ 0.21 
validated in the Mexican Health and Aging Study [19, 
32]. Longitudinal studies recruiting both exposed and 
comparator groups, and using validated and internation-
ally comparable frailty definitions, are needed to assess 
whether associations between infections and frailty are 
causal.

Explanations and implications for clinicians, policymakers 
and future research
Studies with clear temporal relationships between infec-
tions and brain health outcomes would offer greater 
confidence in causal associations. However, our study 
provides rare detail on the association between nine non-
CNS infections and three verified brain health outcomes 
using a large and nationally representative dataset from 
India, where evidence of such associations is limited.

We saw an association between self-reported infections 
and increased depression and frailty. Even if this relation-
ship is not causal, it has public health implications. Care 
providers could offer mental health support or frailty 
prevention interventions to people upon diagnosis of 
an infection. Future studies, designed to investigate the 
temporal relationships between infections and depres-
sion/frailty, would help us to understand whether pre-
venting and treating infections could directly reduce the 
burden of poor brain health. The unexpected protective 
association between most infections and impaired cogni-
tion requires further research with high quality exposure 
(infection diagnosis/ laboratory-confirmed) data.

The dose-response association between reported num-
ber of infections and frailty in our study may provide evi-
dence that general inflammation, rather than a specific 
microbe, is the driving factor between infections and 
frailty, as suggested for the relationship between infec-
tions and dementia risk [25]. The reported effect modi-
fication of the association between infections and frailty 
by age, with stronger evidence of an association among 
younger people, is plausibly explained by age-associated 
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frailty risk being so great among older people that it 
overwhelms other risk factors such as infections. Simi-
larly, risk factors for dementia which have good predic-
tive power among younger people do not perform well 
among older people [33]. 

Conclusions
While a cross-sectional association was seen between 
infections and increased depression and frailty, longitudi-
nal studies are needed to investigate a causal link between 
infections and adverse brain health, and guide interven-
tions to reduce the burden of impaired cognition, depres-
sion, and frailty in India and LMICs more widely.
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