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Introduction: In low- and middle-income countries, self-reported data on chronic
cardiometabolic conditions such as high blood pressure and diabetes are
commonly used in large-scale epidemiologic studies because implementing
objective measures is challenging in these contexts. However, existing evidence
suggests that the sensitivity of such measures may be low, and performance may
differ by factors such as age, education, or income. We sought to confirm these
prior findings and assess bias due to the use of self-reported data in hypothetical
epidemiologic studies considering high blood pressure and diabetes as
exposures, outcomes, and confounders.

Methods: We used data from the Longitudinal Aging Study in India (analytic
N =55,392) to assess the performance of self-reported data on high blood
pressure and diabetes compared with objective measures, overall and stratified
by basic demographic factors. We then compared regression coefficients from
models considering self-reported and objective high blood pressure and
diabetes as exposures, outcomes, and confounders. In all models, we
examined whether the mode of data collection (self-report or objective) for
other key variables in the model affected results.

Results: The overall sensitivity of self-reported high blood pressure and diabetes
was 0.514 and 0.570, respectively; specificity for the two conditions was 0.922
and 0.984. Sensitivity of both conditions increased with age, and was higher
among women, those in urban settings, and those with higher educational
attainment. Across almost all models considering high blood pressure and
diabetes as either exposures or outcomes anti-conservative bias was observed
when using self-reported vs. objective measures, regardless of the mode of
data collection for other key variables. When high blood pressure and diabetes
were considered as confounders, differences between using self-report and
objective measures were minimal.
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Discussion: Anti-conservative bias due to the use of self-reported measures of
chronic cardiometabolic conditions in surveys conducted in low- and middle-
income contexts may be common. Future studies may seek to quantify the
magnitude of anticipated bias in existing data resources and use quantitative
bias analysis to formally estimate the potential implications of misclassification.
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1 Introduction

Chronic conditions such as high blood pressure and diabetes
mellitus are highly prevalent and are leading causes of health loss
globally (1-3). Dual demographic and epidemiologic transitions
have led to increases in the relative importance of these
conditions in low- and middle-income contexts (4, 5). However,
the objective assessment of blood pressure and diabetes can be
challenging in such contexts due to high costs and logistical
barriers. These challenges are further amplified in large,
nationally representative surveys, which are a crucial resource for
conducting generalizable epidemiologic research.

Instead, self-report measures are more commonly used in
large-scale surveys administered in low- and middle-income
settings. However, studies have shown

many previously

substantial discordance between self-report and objective
measures of high blood pressure and diabetes. Reported
sensitivities for objective high blood pressure based on self-report
data range from 50% to 80% across settings (6-11). In studies
examining both high blood pressure and diabetes, sensitivity for
objective diabetes based on self-report was somewhat higher
(61%-85%) than for high blood pressure (50%-73%), although
substantial misclassification remained (8-10). In most studies,
reported specificity for both conditions was high (>95%),
although one study reported 90% specificity for blood pressure
(11). Although 90% specificity is relatively high, specificities in
this range can still lead to substantial misclassification when a
given outcome is rare.

Prior work has also shown that the sensitivities of self-report
measures of blood pressure and diabetes vary by demographic
factors and indicators of socioeconomic status (SES) (8, 9, 12-17).
Research across settings including Indonesia, India, China, England,
and Ireland has found that those with lower educational attainment
or income are less likely to self-report having high blood pressure
or diabetes given that they have tested positive on objective
measures (i.e., self-report has lower sensitivity in these groups)
(8, 9, 12, 14, 16, 17). The majority of studies suggest that self-
report measures have lower sensitivity for younger participants
(6, 8, 10, 15), although some evidence indicates that sensitivity of
self-report measures may also be worse for those in the oldest age
categories (10, 13).

Given these observed differences, considering the potential
impact of measurement error is important when analyzing data
on self-reported blood pressure or diabetes in epidemiologic
studies. Because most exposures considered in epidemiologic
studies are correlated with the same demographic and SES-
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related factors associated with measurement error in self-reported
blood pressure and diabetes, measurement error is likely to differ
by exposure status and can therefore lead to bias in any direction
when considering blood pressure or diabetes as outcomes of
interest (18). Prior studies in the United States have found
that using self-report instead of objective measures of physical
activity or hearing impairment can lead to meaningful bias in
epidemiologic research (19, 20). One study in Canada examined
the impact of using self-reported high blood pressure as an
outcome and found that because the sensitivity of high blood
pressure was higher in obese individuals, the association between
obesity and high blood pressure was overestimated when using
self-reported high blood pressure instead of objectively measured
high blood pressure (21).

However, to our knowledge, no existing study has estimated the
potential biases associated with using self-reported high blood
pressure and diabetes status in epidemiologic research in low- or
middle-income contexts, where under-reporting is likely to be
higher and may have a stronger gradient with SES-related factors
(22). Considering how differential measurement error may
further affect findings if self-report measures (such as blood
pressure and diabetes) are used as exposures or hypothesized
confounders in addition to outcomes in epidemiologic research is
also important. In this work, we use data from the Longitudinal
Aging Study in India (LASI) to directly compare self-reported
and objective measures of chronic conditions and understand the
effect of using self-reported data on high blood pressure and
diabetes in epidemiologic studies in low- and middle-income
contexts. We explore the impact of using self-report measures
when considering blood pressure and diabetes as exposures,
outcomes, and confounders and consider how differences in the
mode of data collection (self-report vs. objective measures) for
other key variables in the model may affect results.

2 Methods
2.1 Sample

LASI includes a nationally representative sample of adults aged
45 years and older and their spouses in India. The survey was
administered to more than 73,000 adults in 2017-2019, and
collected data self-reported health
conditions, physical measurements, biomarkers, and measures of

included demographics,

cognitive functioning. Informed consent was obtained from all
participants (written or thumb impression), and the study was
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approved by the relevant institutional review boards. This analysis
excluded all spouses of sampled respondents who were under 45
(N=6,789) and those without dried blood
(N=8,233), which were required for the objective assessment of

spot samples
diabetes. We also excluded those with further missing data on
either objective diabetes measurement (N =42), objective blood
pressure measurement (N =46), self-reported high blood pressure
(N=2), or covariates included in regression analyses (N =2,904),
as data on these variables was needed in primary analyses
(details in Supplementary Material). The analytic sample size was
N=55392 (total N excluded =18,016). Of those aged 45 and
older, those who were excluded were slightly older (mean age:
62.0 for excluded vs. 59.3 years for included), less likely to live in
rural areas (% rural: 58% for excluded vs. 66% for included) and
had higher educational attainment (% in graduate school: 7% for
excluded vs. 5% for included) (unweighted comparisons). There
were no differences in the gender of participants who were
included vs. excluded.

2.2 Objective measures of high blood
pressure and diabetes

Systolic and diastolic blood pressure were assessed objectively
using an automatic device (Omron HEM 7121). Three readings
of systolic and diastolic blood pressure were taken with one-
minute intervals between consecutive measures; the average of
the second and third readings was used to estimate blood
pressure. Objective high blood pressure was defined as systolic
blood pressure greater than or equal to 140 mmHg, diastolic
blood pressure greater than or equal to 90 mmHg, or self-
reported use of blood pressure-lowering medications, in line with
clinical practice guidelines in India (23). In a sensitivity analysis,
we compared findings from primary analyses to results using the
new blood pressure guidelines from the American Heart
Association (AHA) (systolic blood pressure greater than or equal
to 130 mmHg and diastolic blood pressure greater than or equal
to 80 mmHg) (24).

We used dried blood spot samples to measure hemoglobin Alc
(HbA1c), a measure of average blood sugar levels over the past two
to three months. HbAlc levels were assessed using the Cobas
Integra 400 Plus Biochemistry analyzer (Roche Diagnostics,
Switzerland) (25). We used a calibration process to convert HbAlc
values based on dried blood spots to their whole blood equivalents.
Of the participants, 87.7% consented to dried blood spot
collection. We used a cutoff of 6.5% or higher to define diabetes
(26). We also classified those who self-reported use of diabetes
medications (injection or oral) as having objective diabetes.

Although including those who are on treatment in objective
classifications is important because treatment can affect observed
biomarkers, in LASI this partially conflates the objective and self-
report measures because participants are only asked about
treatment if they report diagnoses of high blood pressure or
diabetes. Therefore, we also conducted sensitivity analyses using
versions of the objective measures that do not consider self-
reported medication use.
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2.3 Self-report measures of high blood
pressure and diabetes

Self-reports of high blood pressure and diabetes are based on
questions asking respondents whether they had ever been told by
a doctor that they had high blood pressure or diabetes.

2.4 Other important variables and
covariates
considered

and SES indicators

throughout the analyses include self-reported age, gender, marital

Demographic  variables
status (currently married or partnered/other), literacy (reported
ability to read or write), caste (no caste or other caste/scheduled
caste/scheduled tribe/other backwards class), and education (no
school/less than secondary school/secondary or higher secondary
school/graduate school). We also considered several health
behaviors and risk factors, including self-reported smoking status
(ever/never smoked or used smokeless tobacco), self-reported
moderate and vigorous physical activity (every day/more than once
per week/once per week/1-3 times per month/hardly ever or
never), and body-mass index (BMI) category based on objectively
measured height and weight (underweight: BMI <18.0 kg/m?
normal weight: BMI = 18.0-22.9 kg/m* overweight: BMI = 23.0-
24.9 kg/m’; obesity: BMI >25.0 kg/m®) (27). Finally, we used data
on health outcomes, including self-report of a doctor-diagnosed
heart problem (heart attack, congestive heart failure, or other
chronic heart problems), self-reported difficulty in at least one
activity of daily living (ADL) (walking across room, dressing,
bathing, eating, getting in and out of bed, using the toilet) (28),
difficulty balancing, and slow walking speed as important health
outcomes. Difficulty balancing was defined as difficulty with any
one of the following balance tests: side-by-side, semi-tandem, or full
tandem. All balance tests required participants to hold each
position for 10s. Most individuals with difficulty balancing had
difficulty with only the full tandem test (80%). Walking speed was
measured using two timed trials across a 4-m uncarpeted area. Slow
walking speed was defined as having an average speed across the
two trials in the slowest 25% (<0.7 m/s) of observed speeds.

2.5 Statistical analysis

We characterized the population using basic demographic
variables and health-related risk factors and outcomes included in
analyses using means and interquartile ranges for continuous
variables and proportions for categorical and binary indicators. We
then assessed the sensitivity, specificity, positive predictive value
(PPV), and negative predictive value (NPV) of self-reported high
blood pressure and diabetes compared with objective measures of
blood pressure and diabetes, which were treated as the gold
standard. We also estimated the prevalence of high blood pressure
and diabetes using both self-report and objective measures.

We conducted three sets of analyses to assess the impact of using
self-reported high blood pressure and diabetes instead of objective
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high blood pressure and diabetes in epidemiologic analyses. Set 1
considered blood pressure and diabetes as the exposures of interest,
set 2 considered blood pressure and diabetes as the outcomes of
interest, and set 3 considered blood pressure and diabetes as
hypothesized confounders. Other variables were selected based on
prior evidence of associations between example exposures and
outcomes and to ensure that the temporal ordering of example
analyses was appropriate. For example, in analyses where
cardiometabolic conditions were considered as outcomes (set 2), we
selected example exposures that would plausibly precede these
conditions (i.e., self-reported physical activity instead of self-
reported heart problem).

For all analyses, we considered whether impacts varied depending
on whether other key variables included in the analysis were self-
reported or objective measures. For set 1 of the analyses, we
considered self-reported and objective outcomes (any ADL
difficulty, difficulty balancing), for set 2 we considered self-reported
and objective exposures (vigorous physical activity, overweight or
obese BMI), and for set 3 we considered self-reported and objective
exposures (self-reported heart problem, difficulty balancing) and
outcomes (any ADL difficulty, slow walking speed). Models adjusted
for demographics controlled for age (estimated with a natural cubic
spline with two internal knots), gender, and educational attainment.
Fully adjusted models across all analysis sets considered these
additional confounders: state, rural/urban residence, marital status,
literacy, self-reported smoking, and caste. Set 1 of the analyses
additionally controlled for moderate and vigorous physical activity
and BMI category, and set 3 additionally controlled for BMI
category. All exposures and outcomes considered were binary.
Therefore, across all analyses we used Poisson regression models
with robust variance to estimate prevalence ratios.

All analyses and descriptive statistics used survey weights to
account for unequal sampling probabilities. We used R version
4.2.2 for all analyses.

3 Results
3.1 Sample characteristics

We included 55,392 participants. About half (46.4%) of the
weighted sample were women, and the mean age was 58.7 years
(interquartile range: 50.0-65.0) (Table 1). Of the sample, 68.1%
lived in rural areas and the majority (52.2%) had no formal
education, while 21.4% had some formal education but less than
secondary school, 21.3% had secondary and upper secondary
school education, and 5.1% attended some graduate school. Of
the weighted sample 13.3% had at least one ADL impairment,
and 16.8% had difficulty on the balancing task.

3.2 Prevalence of self-report and objective
measures overall and by demographic
characteristics

The prevalence of objective high blood pressure was 41.0%
[95% Confidence Interval (CI) 40.5-41.6], whereas the prevalence
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TABLE 1 Demographics and health characteristics of the longitudinal
aging study in India (LASI) (N = 55,392).

LASI
N 55,392
Age 58.7 (50.0-65.0)
Women 46.4 (29,622)
Rural 68.1 (36,701)
Education
No school 52.2 (26,007)

Less than secondary school 21.4 (13,831)
21.3 (12,887)

5.1 (2,667)

Secondary and higher secondary

Graduate school

High blood pressure

Self-report 25.7 (15,667)

Objective 41.0 (24,546)
Diabetes

Self-report 11.7 (6,894)

Objective 18.2 (10,521)
Any ADL impairment 13.3 (7,104)

Vigorous activity 39.1 (19,757)

Overweight/obese 41.7 (24,611)
Self-reported heart problem 3.5 (1,966)
Balance problem 16.8 (9,642)

Mean and IQR are shown for continuous variables, percentage and N are shown for binary or
categorical variables. All statistics use survey weights to account for the complex survey
design.

of self-reported high blood pressure was substantially lower
(25.7%; 95% CI 25.3-26.2) (Table 2). For both self-reported and
objective high blood pressure, prevalence increased with age, was
higher for women compared to men, those in urban compared
to rural settings, and those with higher education. For diabetes,
the prevalence of the objective measure (18.2%; 95% CI 25.3-
26.2) was also higher than the self-reported measure (11.7%; 95%
CI 11.4-12.0), although the difference was smaller. Again,
patterns across demographic characteristics were consistent when
comparing the objective measure to the self-report measure.

3.3 Performance of self-report measures
overall and by demographic characteristics

The overall sensitivity of self-reported high blood pressure and
diabetes was 0.514 and 0.570, respectively (Table 2). For blood
pressure, sensitivity increased with age, to 0.580 in older adults 75
years and older. Sensitivity of self-reported diabetes also increased
with age but peaked in the 60-74 age group (0.627) and was lower
for those 75 years and older (0.577). For both high blood pressure
and diabetes, sensitivity was higher among women, those in urban
settings, and those with higher levels of education.

Specificity was lower for high blood pressure (0.922) than for
diabetes (0.984) (Table 2). For both conditions, differences across
demographic groups were smaller. There was an 82.0% chance
that someone who self-reported having high blood pressure had
objectively measured high blood pressure (PPV) and a 73.1%
chance that someone who self-reported not having high blood
pressure did not have objectively measured high blood pressure
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TABLE 2 The prevalence and performance of self-reported high blood pressure and diabetes compared to objective measures of disease in the
longitudinal aging study in India (LASI) (N = 55,392).

Self-report Objective Sensitivity | Specificity | Positive predictive Negative
prevalence prevalence value predictive value

Blood pressure

Overall 25.7 (25.3-26.2) 41.0 (40.5-41.6) 0.514 0.922 0.820 0.731

Age category

<45 17.4 (15.5-19.4) 28.6 (26.3-31.1) 0.417 0.924 0.688 0.798

45-59 21.7 (21.1-22.3) 36.1 (35.4-36.8) 0.468 0.925 0.779 0.755

60-74 32.3 (31.5-33.1) 49.4 (48.5-50.2) 0.569 0.916 0.868 0.685

75+ 35.1 (33.3-37.0) 53.4 (51.4-55.3) 0.580 0.911 0.882 0.654
Gender

Men 21.1 (20.4-21.7) 38.7 (37.9-39.5) 0.450 0.940 0.827 0.730

Women 31.1 (30.4-31.7) 43.7 (43.0-44.4) 0.579 0.898 0.816 0.733
Rurality

Urban 34.1 (33.2-34.9) 50.5 (49.5-51.4) 0.599 0.923 0.888 0.693

Rural 21.8 (21.3-22.3) 36.6 (36.0-37.2) 0.459 0.921 0.771 0.747
Education level

No school 23.4 (22.8-24.1) 38.2 (37.4-38.9) 0.480 0.917 0.782 0.741

Less than secondary 26.9 (25.9-27.8) 42.8 (41.7-43.8) 0.528 0.925 0.840 0.724
school

Secondary and higher 28.3 (27.3-29.4) 44.5 (43.4-45.7) 0.551 0.931 0.866 0.721
secondary

Graduate school 33.0 (30.8-35.4) 48.6 (46.1-51.0) 0.594 0.918 0.873 0.705

Diabetes

Overall 11.7 (11.4-12.0) 18.2 (17.8-18.6) 0.570 0.984 0.890 0.911
Age category

<45 6.5 (5.3-7.9) 14.1 (12.4-16.1) 0.418 0.993 0.910 0.912

45-59 10.3 (9.8-10.7) 16.9 (16.4-17.4) 0.541 0.986 0.890 0.914

60-74 14.9 (14.3-15.5) 21.1 (20.4-21.8) 0.627 0.979 0.886 0.907

75+ 12.2 (11.0-13.5) 19.2 (17.7-20.8) 0.577 0.986 0.906 0.908
Gender

Men 11.6 (11.1-12.1) 18.0 (17.4-18.6) 0.568 0.984 0.884 0.912

Women 11.8 (11.4-12.3) 18.5 (18.0-19.1) 0.573 0.985 0.898 0.910
Rurality

Urban 19.3 (18.6-20.1) 28.2 (27.3-29.0) 0.637 0.981 0.928 0.873

Rural 8.1 (7.8-8.4) 13.6 (13.1-14.0) 0.505 0.986 0.848 0.927
Education level

No school 8.0 (7.6-8.4) 13.6 (13.1-14.1) 0.495 0.986 0.846 0.925

Less than secondary 13.7 (13.0-14.5) 20.7 (19.8-21.6) 0.598 0.983 0.901 0.904
school

Secondary and higher 16.6 (15.8-17.5) 24.5 (23.6-25.5) 0.626 0.983 0.922 0.890
secondary

Graduate school 20.4 (18.5-22.4) 29.1 (26.9-31.3) 0.651 0.980 0.929 0.873

95% Confidence intervals are presented for estimates of prevalence. All reported statistics incorporate survey weights to account for the complex survey design.

(NPV). PPV and NPV were both higher for diabetes, although the  estimates but did not attenuate the observed difference between

difference was larger for NPV. associations using self-report vs. objective measures of high blood

pressure and diabetes. For fully adjusted models for blood pressure as

an exposure, estimated associations were 109.89% and 43.22% higher

3.4 Impact when self-re port measures were  using self-reported compared to objective blood pressure for any ADL

considered as exposures impairment and difficulty balancing, respectively (Supplementary

Table S1). For associations between diabetes and the same two health

Estimates of the associations between self-reported high blood  outcomes, associations were 169.74% and 23.54% higher for self-

pressure or diabetes and both self-report (any ADL) or objective  reported compared to objective measures. When assessing the

(difficulty balancing) health outcomes were stronger than the same  association between diabetes and any ADL impairment, the

estimates using objective blood pressure or diabetes measures  association was statistically significant using the self-reported measure
(Figure 1). Adjusting for potential confounders did attenuate all  but not statistically significant when using the objective measure.
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FIGURE 1
Comparisons of self-reported and objective high blood pressure (A) and diabetes (B) in models assessing the association between high blood pressure
and diabetes with both a self-report [any activity of daily living (ADL) difficulty] and objective (difficulty balancing) health outcome. Models adjusted for
demographics controlled for age (spline), gender, and educational attainment. Fully adjusted models additionally controlled for state, rural/urban
residence, marital status, literacy, self-reported smoking, caste, moderate and vigorous physical activity, and BMI category.

3.5 Impact when self-report measures were
considered as outcomes

Vigorous physical activity was associated with lower prevalence of
high blood pressure and diabetes; therefore, smaller prevalence ratios
indicate stronger associations. Associations between vigorous
physical activity and self-reported high blood pressure or diabetes
were stronger using self-reported measures of high blood pressure
and diabetes compared with objective measures (Figure 2).
Differences were larger for crude and minimally adjusted estimates
than for fully adjusted estimates. For example, the associations
between vigorous physical activity and blood pressure were 77.30%,
82.04%, and 51.47% stronger when using self-reported rather than
to objective measures of blood pressure for crude, minimally
adjusted, and fully adjusted models. A similar pattern was observed
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for the association between overweight or obesity and high blood
pressure but not for overweight or obesity and diabetes. This
observed discrepancy was likely due to the fact that there was a
large difference in the sensitivity for high blood pressure between
those who were overweight or obese (0.593) compared with those
with normal BMI (0.441), whereas the same magnitude of
difference was not observed for diabetes (overweight or obese:
0.591, normal BMI: 0.553).

3.6 Impact when self-report measures were
considered as confounders

Estimates were largely similar when comparing use of self-
reported and objective measures of blood pressure and diabetes
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FIGURE 2
Comeparisons of self-reported and objective high blood pressure (A) and diabetes (B) in models assessing the association between both a self-report
(vigorous physical activity) and objective (overweight or obese BMI) exposure and high blood pressure and diabetes. Models adjusted for
demographics controlled for age (spline), gender, and educational attainment. Fully adjusted models additionally controlled for state, rural/urban
residence, marital status, literacy, self-reported smoking, and caste.

as confounders (Figure 3). The largest observed differences were for
models examining heart problems as an exposure and using self-
reported vs. objective blood pressure as a confounder. In these
models, controlling for self-reported blood pressure attenuated
estimates further toward the null compared with controlling for
objective blood pressure. However, this attenuation was larger in
models that did not adjust for other confounders compared with
models that did adjust for other confounders. For example, when
examining the association between self-reported heart problems
and any ADL difficulty, estimates controlling for self-reported
blood pressure or both self-reported and objective blood pressure
were 43.25% and 46.47% weaker than the crude estimate,
whereas the estimate controlling for objective blood pressure was
24.63% weaker. In models also controlling for other hypothesized
confounders, the attenuation decreased to 26.37% and 26.66% for

models controlling for self-reported or both self-reported and
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objective blood pressure and 10.80% when controlling for
objective blood pressure.

3.7 Sensitivity analyses

Using the 2017 AHA guidelines for blood pressure led to
higher prevalence estimates for objective blood pressure and
therefore lower estimates of sensitivity and negative predictive
value and higher specificity and positive predictive value for self-
reported data. When using blood pressure as an exposure or
outcome, differences between estimates using self-reported and
objective data were larger than in primary analyses when
considering blood pressure as either the exposure or outcome.
Differences may be due to the fact that the broader AHA criteria
include more mild cases, whereas self-report likely captures more
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severe cases. Differences were minimal when considering high
blood pressure as a confounder.

20.22% of the unweighted sample reported use of blood pressure
medications, comprising 24.16% of the group classified as having
objective high blood pressure. 10.29% of the unweighted sample
reported use of diabetes medications, comprising 16.84% of the
group classified as having objective diabetes. Using objective
measures of high blood pressure and diabetes that did not consider
self-reported treatment status reduced the concordance between
self-report and objective measures and increased the observed level
of bias in example analyses. In comparison, results presented in
primary analyses are more conservative.

4 Discussion

The wuse of
cardiometabolic conditions can have a meaningful impact on

self-reported vs. objective measures of
results from epidemiologic studies in low- and middle-income
contexts such as India. When considering high blood pressure or
diabetes as either exposures or outcomes, using self-reported
measures led to anti-conservative bias in effect estimates
compared with objective measures across almost all analyses

considered. We also observed one instance in which using self-
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reported rather than objective high blood pressure changed the
statistical significance of findings, showing that observed biases
can alter qualitative inferences from studies. The impact of using
self-report instead of objective measures of cardiometabolic
conditions as confounders was smaller, and attenuation of
estimates compared with unadjusted results was larger using self-
report than objective measures of cardiometabolic conditions.

The estimated sensitivity and specificity of self-reported high
blood pressure and diabetes in this sample are on the lower end of
the range of previously reported values (6-11), underscoring the
importance of measurement error in this context. Results on
differential performance of self-report are in line with prior studies
showing that the sensitivity of self-report measures is lower for
younger participants, men (6, 9, 21), and those with lower
education (6, 8-10, 12, 15). Estimates of differential sensitivity and
specificity or positive and negative predictive values can be used as
inputs in quantitative bias analyses for misclassification in future
studies. In addition to providing information on the expected
direction of potential bias, algebraic adjustments based on these
estimates could be used to quantify potential bias in subsequent
analyses of associations or hypothesized causal effects.

Our results also agree with a prior study from Canada on the
impact of using self-reported high blood pressure on estimated
associations, which found that using self-reported rather than
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objective high blood pressure as an outcome in analyses overestimated
effect estimates (21). The authors of this prior study argued that bias
in the estimated association between high blood pressure and obesity
may be because obese individuals were more likely to be aware of their
blood pressure status. However, this explanation is unlikely to explain
biases observed across all exposure/outcome pairs considered in our
analysis. For example, in our study, while we replicated the prior
finding on the association between BMI and self-reported vs.
objective blood pressure, the same anti-conservative bias was also
observed in the self-reported exposure considered (vigorous
physical activity). However, self-reported vigorous physical activity
is less likely to be related to disease awareness, and therefore the
biasing mechanism is likely different.

Although different mechanisms across may underlie the observed
bias across the exposure/outcome pairs considered, anti-conservative
biases observed across analyses are likely due to higher sensitivity of
self-report measures among the exposed compared with the
unexposed. One alternative explanation is same-source bias, which
describes bias due to correlation in measurement error (dependent
measurement error) in the exposure and the outcome (29). This
type of bias has been described across fields (30-32) and is
common when the exposure and outcome are measured using the
same source (ie., self-report); those who self-report issues in one
domain of health (cardiovascular disease) may also be more likely
to report issues in another domain of health (i.e., ADL limitations).
Same-source bias has also been hypothesized as an explanation for
the observed bias in the association between self-reported hearing
loss and self-reported outcomes in epidemiologic research (20).
However, this hypothesized mechanism cannot explain observed
anti-conservative bias in this study when the outcome of interest
(when self-reported cardiometabolic conditions were exposures) or
exposure of interest (when self-reported cardiometabolic conditions
were outcomes) was measured objectively. In these scenarios, bias
could be due to differential awareness, as described in the BMI
example, or could be due to differential disease severity among
those who are aware vs. unaware of their disease status. If those
who self-reported having high blood pressure or diabetes are more
likely have more severe disease, estimated associations with
objective health outcomes may be stronger for self-reported measures.

Compared with the observed anti-conservative bias when
considering self-reported cardiometabolic conditions as exposures
or outcomes, when we considered self-reported vs. objective
cardiometabolic conditions as confounders in analyses, observed
biases were smaller. Differences in estimates were even more
negligible when adding other hypothesized confounders to models
to assess the impacts in more realistic modeling scenarios. Although
the magnitude of differences was small, the attenuation of estimates
was somewhat larger (indicating that the variable was a stronger
confounder) when using self-report rather than objective measures
of blood pressure and diabetes, particularly when considering a self-
reported exposure (self-reported heart problems). This observed
pattern may also be due to same-source bias: using a self-report
measure as a confounder may control for the correlation in
measurement error between the exposure and outcome (29). This
result suggests that controlling for self-report measures to adjust
for an individuals’ latent tendency to respond positively to
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self-report survey measures may help reduce bias in studies subject
to dependent measurement error. However, the magnitude
of attenuation observed when controlling for self-reported
cardiometabolic conditions was much smaller than the magnitude
of anti-conservative bias hypothesized to be due to same-source error.

Some limitations should be considered. First, we conducted a
complete case analysis, excluding those with missing data on any of
the considered covariates of interest. However, the primary goal of
this study was not to make generalizable conclusions about health
conditions in India, but rather to compare the impact of using self-
report vs. objective measures of cardiometabolic conditions.
Although sample exclusions may have some impact if those
excluded differ from those included on factors that affect the
performance of  self-reported  cardiometabolic  conditions,
differences between those included and excluded from our sample
were generally small. Given the magnitude of observed bias, overall
conclusions are unlikely to be affected. Second, while the included
objective measure of diabetes (based on HbAlc) was considered the
gold standard in the current analysis, other measures (e.g., fasting
plasma glucose) add additional information relevant to the
characterization and diagnosis of diabetes but were not available in
the current study. Despite evidence of discordance between
measures of HbAlc and fasting plasma glucose or other diabetes
assessments (33), prior studies showing very low disease awareness
suggest that differences between self-report and objective measures
would be expected to be considerably larger than differences
between different objective measurement procedures (34, 35).
Therefore, substantive conclusions of the current study and broader
comparisons between self-reported diabetes status and any of these
objective measures would be unlikely to be meaningfully different.
Third, while we assessed findings across many example analyses
looking at associations between self-report and objective exposures
and outcomes that may be of interest in epidemiologic research,
analyses cannot be exhaustive, and patterns of findings may not
generalize to all potential future analyses. However, results were
largely consistent across most analyses considered. If variables of
interest in future analyses are present in the publicly available LASI
dataset or other public data resources, investigators should seek to
replicate comparisons examined in this paper using the variables of
interest in their study to confirm the expected direction of bias.

In summary, this study contributes to the evidence on the
performance of self-report measures of blood pressure and diabetes
compared with objective measures. Low sensitivity of self-report
measures due to lack of awareness is a major issue in low-income
settings, and bias is likely to be differential by educational attainment
and other SES-related factors. In this study, we found that
substantial anti-conservative bias may exist when using self-reported
cardiometabolic conditions as either exposures or as outcomes in
epidemiologic research, regardless of whether other variables
considered in analyses are self-reported or objectively measured. This
has important consequences for existing and future research in low-
and middle-income settings similar to India. Objective measures of
cardiometabolic conditions should be used when possible, and use of
methodologic innovations, including quantitative bias analysis (36),
may help researchers understand the potential effects of biases on
findings from studies using self-report measures.
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