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Diabetics Under Report Energy Intake in NHANES 111 Greater than Non-

Diabetics
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Abstract: Known factors associated with under-reporting energy intake (EI) include anthropometry, energy expenditure,
psychological factors, smoking, and gender. There is insufficient information on the association between chronic disease
status and under-reporting EI. Using NHANES |1l data from non-pregnant adults aged > 20 years, reported El was esti-
mated from a single 24-hour dietary recall and compared with estimated basal metabolic rate (BMR;) among 1503 dia-
betics and 17,010 non-diabetics. Multiple linear regression and logistic regression were performed to compare under-
reporting between diabetics and non-diabetics, and if it was associated with a hemoglobin Alc within diabetics.

Using EI:BMR; < 0.9, male and female diabetics were 2.1 and 3.4 times as likely to under report El compared to non-
diabetics after controlling for weight, age, education, usual intake level, physical activity, tobacco and alcohol use. This
greater under-reporting by diabetics could bias the association between diet and disease toward the null in epidemiological

studies.
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INTRODUCTION

Understanding the effects of bias due to under-reporting
is important in studies of diet-disease relationships. Account-
ing for potential under-reporting in studies of diet-disease
relationships can be relatively simple if the proportion of
food constituents under-reported is in proportion to total en-
ergy intake (EI) under-reported. Although considerable re-
search has been done correlating dietary under-reporting
with behavioral, socio-demographic and anthropometrics
values, little research has been reported connecting dietary
under-reporting with specific chronic diseases.

Comparing reported EI with estimate of energy expendi-
ture is the usual way to assess under-reporting. Typical
measures of energy expenditure include estimated basal
metabolic rate (BMRg), with or without adjusting for physi-
cal activity [1-5], whole- body calorimetric [6], doubly la-
beled water [6-8], and urinary biomarkers [9-10]. Though
they may yield more accurate estimates, calculating energy
expenditure via calorimetric, doubly labeled water and uri-
nary biomarkers is expensive and may be impractical for
studies of large samples.

Regardless of the method chosen to estimate energy ex-
penditure and irrespective of the method used to assess diet,
under-reporting of El is considered to be widespread. Briefel
et al. [2] used a single 24-hour recall estimate of EI com-
pared with BMRg to describe under-reporting in the first
phase of the Third National Health and Nutrition Examina-
tion Survey (NHANES II1), with data collected between
1988 and 1991. Under-reporting was more likely to occur in
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women than men, persons who were older, and overweight
individuals as defined by body mass index (BMI) and in
people attempting to lose weight. It also varied by smoking
status, educational attainment and physical activity. These
results were similar to those obtained in national surveys in
Norway [3] and Britain [4], which used food-frequency
questionnaires and weighed 7-day intake methods, respec-
tively, to determine El. Other factors reported to influence
dietary under-reporting include socioeconomic status [2, 4,
8], literacy [8], health consciousness [3], percent body fat
[11], and current or recent illness [2].

Diabetes mellitus is a condition chiefly managed through
dietary and lifestyle changes. In 1998, the prevalence of dia-
betes in the United States (U.S.) rose to 6.5%, a 33% in-
crease from 1990 [12]. Increasing rates of obesity, diabetes
are expected to become even more common [13-14].
Worldwide, between 1995 and 2025, a rise in diabetes preva-
lence of 42% is predicted for industrialized countries and
170% for developing nations [15]. Diabetics who do not con-
trol their glucose levels, as measured by hemoglobin Alc
(HbA1c) concentrations, experience more severe complica-
tions, including kidney disease, retinopathy, stroke, and
ischemic heart disease [14, 16]. In addition to severe physi-
cal burden, diabetes carries a heavy financial cost. Nearly
15% of all U.S. health care dollars are spent on patients with
diabetes, a figure likely to rise with the increase in diabetes
prevalence [17].

Data examining the relationship between under-reporting
El and diabetic status are limited. One small study found
under-reporting more prevalent among young type 1 diabet-
ics [18]. No large studies have examined if an association
between diabetic status and under-reporting exists.

The current research was conducted using data from
NHANES IIl to examine if an association between self-
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identified diabetic status and dietary under-reporting exists
and to evaluate how other demographic and behavioral fac-
tors impact the relationship. Furthermore, because NHANES
data are used to formulate national health and nutrition pol-
icy, this research sought to determine if under-reporting was
associated with long-term glycemic control in self-identified
diabetics.

MATERIALS AND METHODOLOGY
Survey Design and Variables Assessed

NHANES Il was designed as a two-phase, six-year sur-
vey to be representative of the civilian, non-institutionalized
U.S. population [19]. Blacks, Hispanics, children aged 2
months to 5 years, and persons aged 60 years and over were
over sampled, ensuring sufficient samples to be representa-
tive of each sociodemographic group. Household interviews
were combined with physical examinations conducted at
mobile examination centers throughout the U.S. Interviews
assessed past and present lifestyle practices including physi-
cal activity, tobacco and alcohol use and other factors. A full
physical examination was performed, including assessment
of body measurements, blood and urine tests and completion
of a 24-hour dietary recall. Specifics of the assessment are
described elsewhere [2, 19].

The dataset was contained in a two-disc CD-ROM set
obtained from the National Center for Health Statistics. Full
documentation regarding data collected and appropriate
analysis methods were also included [19].

Data used in the current analyses included information
from the 24-hour dietary recall, diabetic status, measured
height and weight, age in years, years of education com-
pleted, income level, race-ethnicity, and information on to-
bacco and alcohol use, “usual” intake level, physical activity,
birthplace, income level, recent illness, medication use, re-
call day, and blood values.

Diabetic status was based on participant self-report.
Height and weight assessment procedures have been de-
scribed elsewhere [2]. Body mass index (BMI) was calcu-
lated as kg/m® Individuals were classified as underweight
(BMI < 18.5), normal weight (BMI 18.5 to 24.9), overweight
(BMI 25.0-29.9), and obese (BMI > 30.0). Desire to main-
tain, increase, or decrease current weight, and currently try-
ing to lose weight were assessed via questionnaire.

Income level was measured using a poverty-income ratio,
derived from family income divided by the federal poverty
threshold, adjusting for family size. A poverty-income ratio
less than 1 was classified as “below poverty.” Race-ethnicity
was determined by individual self-description as non-
Hispanic white, non-Hispanic black, Hispanic or other.
Birthplace was coded as U.S. = 0 or Other = 1. Recent illness
was classified as the number of colds in the past 4 weeks.

Tobacco use was categorized into cigarette use, cigar and
pipe use, and chewing tobacco / snuff use. Cigarette use was
divided into two variables: ever smoked 100 or more ciga-
rettes and currently smoke cigarettes. Similarly, cigar and
pipe use was defined as ever smoked 20 or more cigars or
pipes of tobacco and currently smoke cigars or pipe tobacco.
Chewing tobacco / snuff use was defined as ever used and
currently use chewing tobacco or snuff. Alcohol use was
defined as ever consumed 12 or more alcoholic drinks

The Open Nutrition Journal, 2008, Volume 2 55

(yes/no), consumed 12 or more alcoholic drinks in the past
year (yes/no), and then as energy from alcohol and percent-
age of total energy from alcohol estimated from the 24 hour
recall. “Usual” intake was for the 24-hour recall and based
on whether the previous day’s intake was reported as being
“more than usual”, “usual,” and “less than usual.” Physical
activity was classified by summing all leisure-time physical
activity reported in the month preceding the interview.
Monthly activity was also converted to average weekly
physical activity and into weekly physical activity catego-
ries, “none”, “1-2 times per week” and “3 or more times per
week.” The participant’s impression of his or her physical
activity level compared to peers (equal, greater or less) was
recorded by interview.

Medication use variables included antihistamine use in
the past two days (yes/no), number of prescription medica-
tions taken in past month, and use of vitamins and minerals
in the past 24 hours (yes/no). Diabetic medications were as-
sessed as currently taking oral hypoglycemic medication
(yes/no) and currently using insulin (yes/no). Blood values
included fasting plasma glucose, plasma glucose following
an oral glucose tolerance test, HbAlc, serum insulin, and
serum c-peptide. Procedures for collection and analysis of
these are described elsewhere [19].

Inclusion and Exclusion of Participants

All persons aged 20 years and older were included in the
analyses. All pregnant women were excluded based on self-
report or a positive urine test.

Determination of Reporting Status

To quantify degree of potential under-reporting of El, the
ratio of El, estimated from the 24-hour recall versus esti-
mated basal metabolic rate (BMRgy) was calculated. Basal
metabolic rate (kj/day) was estimated with age and sex-
specific formulas derived by Schofield [20] using the height
and weight measured in the mobile examination center. Ex-
amples of formulas for persons aged 30 to 60 years are as
follows:

Males

BMR = 0.048(weight, kg) - 0.011(height, m) + 3.670
Females

BMR = 0.034(weight, kg) + 0.006(height, m) + 3.530

We used the cutoff value, of Briefel et al. [2] to classify
individuals as under-reporters (EI:BMR.s was < 0.9). Those
with a ratio of EI:BMRg = 0.9 were considered adequate
reporters.

Statistical Methods and Hypothesis Testing

Data were weighted according to survey design to be
representative of the national US population and to account
for irregularities, such as participant non-response. All
analyses were performed using Intercooled Stata 6.0 (Stata
Corporation, College Station, TX), complex survey analysis
procedures, and according to the weights, strata and popula-
tion sampling units (PSU) included in the NHANES 111 data
set. Results reported include population percentages, means
and standard errors of the mean (SEM). Two-sided t tests
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tion Survey, 1988-1994*
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Number of Self-ldentified Diabetic and Non-Diabetic Participants in the Third National Health and Nutrition Examina-

Diabetes Status Male Female Total n (% of total)
Self identified diabetic n (% of diabetics) 658 (45.1%) 845 (54.9%) 1503 (5.2%)
Non-diabetic n (% of non-diabetics) 8150 (48.6%) 8860 (51.4%) 17010 (94.8%)

Total

9705 (48.4%)

8808 (51.6%)

18513 (100%)

*Number of participants shown, n, is the raw number of participants in the data set. Percentages shown are calculated employing survey weights, strata and PSUs and are the percent-
ages of each category based on the population size represented in the data set; percentages shown may not equal those calculated on a raw basis.

were used to test for statistical differences between groups
for continuous variables.

To determine the difference between diabetics and non-
diabetics in regards under-reporting El, we used a series of
multiple logistic regressions stratified by men and women.
Criteria for covariate inclusion into the models included p-
values of less than 0.05 and p less than 0.10 or less for inter-
action terms. Potential inclusion was selected based on pub-
lished results from similar studies and on bivariate analyses
resulting in p-values less than 0.20. These variables included
overweight classification or body mass index, age, educa-
tion, whether the reported diet was representative of the par-
ticipant’s “usual” intake, currently trying to lose weight,
physical activity compared to peers, birthplace (U.S. vs.
Other), poverty status, recent illness, tobacco use, alcohol
use, recall day (weekend day vs. weekday), desire to in-
crease, decrease or maintain current weight, and recent
medication and vitamin/mineral usage. Self-identified diabe-
tes status was forced into the models to determine if known
diabetic state was associated with under-reporting.

Blood HbAlc percentage was used as an indicator of
long-term glycemic control among diabetics [21-22]. A se-
ries of multiple linear regressions were employed to deter-
mine if there was an association between blood HbAlc lev-
els and under-reporting of EI among self-identified diabetics,
stratified by gender. Multiple logistic regression analyses
were also used to determine if clinically high versus normal
blood HbAlc percentage differed between diabetics who
under-reported EI and those who did not under-report EI.
Clinically high and normal HbAlc values were classified
according to the criteria of the National Institute of Diabetes
and Digestive and Kidney Diseases. Individuals were de-
fined to have a high HbAlc blood percentage with HbAlc
values > 7%, while those with HbAlc < 7% were considered
to have normal HbA1c levels. Variables were considered for
entry into models based on p < 0.05 and interaction terms
based on p < 0.10. Variables included serum c-peptide level,
whether the individual was currently taking oral hypoglyce-
mic medication or insulin, recent illness, monthly leisure-
time physical activity, BMI category, age first diagnosed
diabetic, under-reporter status, and whether the individual

Table 2. Mean Ratio of Energy Intake to Estimated Basal Metabolic Rate (EI:BMR.)

Study Group Diabetic Non-diabetic Total
Men
20-29y 1.53 £0.06 1.66 £ 0.03 1.66 +0.03
30-59 y* 1.13 £0.07 1.49 £0.02 1.48 £0.02
>60 y* 1.17 £0.03 1.31£0.02 1.29 £0.02
Total >20 y* 1.16 £0.04 1.50 £0.02 1.48 £0.01
Women
20-29y 1.26 £0.32 1.40 £0.03 1.39 £0.03
30-59 y* 1.10 £0.05 1.28 £0.01 1.28 £0.01
>60 y* 1.00 £0.03 1.19 £0.02 1.17 £0.02
Total >20 y* 1.04 £0.03 1.29£0.01 1.28 £0.01
Total
20-29y 1.47 £0.09 1.53 £0.02 1.53 £0.02
30-59 y* 1.12 £0.04 1.39£0.01 1.38 £0.01
>60 y* 1.07 £0.02 1.24£0.01 1.22£0.01
Total >20 y* 1.10 £0.02 1.39£0.01 1.38 £0.01

'difference is statistically significant, diabetic vs. non-diabetic; p<0.01.
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Table 3.

Reporter Status as Defined by Briefel [2]
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Demographic and Lifestyle Characteristics of Diabetic and Non-Diabetic Individuals by Under-Reporter and Adequate

Diabetic Non-diabetic
Under-reporters Adequate reporters Under-reporters Adequate reporters
EI:'BMR: < 0.9 EI'BMR. = 0.9 EI'BMR < 0.9 EI'BMR.s = 0.9
n (%) 505 (37.9) 707 (62.1) 3376 (19.5) 11055 (80.5)
EIBMRu 0.677 £0.013 1.354 +£0.018" 0.687 +0.005 1.562 +0.012*
Age (y) 59.190 £1.212 58.900 + 1.067 46.317 £ 0.641 42.665 + 0.436"
Education (y) 10.044 £0.269 11.391 £0.201" 11.792 £0.116 12.590 + 0.083"
Education (%)
0-8y 33.94 £3.30 18.66 + 2.46" 1641+1.11 9.04 £ 0.06"
9-11y 18.21 +2.97 17.36 +2.90 13.58 +0.92 1297 +0.71
12y 32.34 £3.58 33.82+£3.73 33.76 £1.28 34.09 £0.85
213y 15.51+2.89 30.16 £ 3.97* 36.25 £ 1.56 43.90 £1.32*
Poverty-Income Ratio 2.487 +0.126 3.023 £0.148° 2.843£0.077 3.146 £ 0.060"
Below poverty (%) 23.10 +2.98 13.72 £2.34} 16.62 +1.14 11.35+0.81!
Race-ethnicity (%)
Non\'l\'l*hiistga”ic 70.69 +2.93 7438 +2.24 7143 +148 77.15 +1.29"
Non;:';j(’a”ic 20.12+2.35 12.45 +1.33! 15.49 +0.89 9.90 +0.62"
A'\\\"r::;lcc"":n 5.82 +0.62 6.12 061 5.02 +0.49 5.20 045
Other 3.38+1.55 7.05+1.67 8.05+1.12 7.74+0.85
Diabetic meds,
% of diabetics
Insulin 30.49 £3.23 3039+294 | - e
Oral
Hypoglycemic 52.55+4.01 42523428 | | e
medication
Overweight (%) ) .
(BMI > 25.0) 87.14 £3.02 75.95+1.84 66.23 £ 1.46 50.76 £ 1.01
Trying to lose weight (%) 57.04 +4.56 4177 +2.79 4575 +1.30 30.28 + 0.95*
Smoke cigarettes (%) 21.84 +3.62 15.29 + 2.46 2719129 30.05+1.00
Leisure-time physical activ-
ity (%)
None 36.21 £3.43 2335 222" 19.87 +1.44 15.15 +0.83"
1-2 times/week 28.86 + 3.56 36.95 +2.86 32.44+1.39 3421 +1.04
>3 times/week 34.93+4.00 39.7+2.75 47.69 £ 2.06 50.64 £1.21

“difference is statistically significant, adequate reporters vs. under-reporters; p<0.01.
“difference is statistically significant, adequate reporters vs. under-reporters; p<0.05.

has enough food to eat. Fasting plasma glucose level and
plasma glucose levels following an oral glucose tolerance
test were not included in the model because of high co-

linearity with the HbA1c values.

RESULTS

Data from a total of 18,513 participants, 9,705 males and
8,808 females, were analyzed. Self-identified diabetic par-

ticipants numbered 1,503, of which 658 were male and 845
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female, comprising 5.2% of the total population studied (Ta-
ble 1).

Mean EI:BMR. was 1.38 overall, 1.48 for men and 1.28
for non-pregnant women, meaning El exceeded estimated
basal metabolic rate for all participates (48% for men and
28% for non-pregnant women). Similar to the results of
Briefel et al. [2], mean EI:BMRg decreased with age and by
gender. Furthermore, self-reported diabetics had lower mean
EI:BMRg than non-diabetic participants, 1.10 for diabetics
and 1.39 for non-diabetics, p < 0.01 (Table 2). Differences in
the mean El:BMR.; were significantly different between
diabetics and non-diabetics for each age group, except for
subjects 20-29 years of age. Similar to Briefel et al. [2], the
mean El:BMR. decreased from the youngest to oldest age
group, and from the lowest to highest BMI categories; this
trend was also present within each age group.

Approximately 37.9% of self-reported diabetics and
19.5% of non-diabetics were classified as under-reporters
(Table 3). For both diabetics and non-diabetics, under-
reporters reported a significantly lower education level, a
lower income level, and were more likely to be considered
below poverty and to be non-Hispanic black versus adequate

Broyles et al.

reporters. Moreover, under-reporters were significantly more
likely to be overweight, to report they were currently trying
to lose weight, and to report zero weekly leisure-time physi-
cal activity. Compared to diabetic adequate reporters, dia-
betic under-reporters were more likely to currently be taking
oral hypoglycemic medication. Non-diabetic under-reporters
were older and a lower percent were non-Hispanic white
compared to adequate reporters. A greater percent of male
diabetics (34.0%) were classified as under-reporting EI com-
pared with male non-diabetics (14.6%). Similarly, a greater
percent of female diabetics (41.6%) were classified as under-
reporting EI compared with male non-diabetics (24.2%).

Table 4 details comparisons of mean intakes of macronu-
trients and selected micronutrients by level of reporting.
Overall, significant differences between under-reporters and
adequate reporters are present for all selected nutrients for
both diabetics and non-diabetics. Under-reporters consumed
approximately 4,200 kj (1000 kcal) less than adequate re-
porters for diabetics and 5,880 kj (1400 kcals) for non-
diabetics. The percentages of energy from carbohydrate and
from alcohol were not different for diabetics and nutrient
intake followed differences in energy intake.

Table4. Dietary Characteristics of Diabetic and Non-Diabetic Under-Reporters and Adequate Reporters, Based on One 24-Hour

Recall as Defined by Briefel [2]

Diabetic Non-diabetic
Under-reporters Adequate reporters Under-reporters Adequate reporters
EI'BMR.s < 0.9 EI'BMR. = 0.9 EI'BMR < 0.9 EI'BMR. = 0.9
Energy (kj) 4,662 +131.5 9,004.8 + 210.0* 4569.6 +37.4 10,491.6 + 93.7*
Protein
(@) 52.80 +1.83 91.68 +4.03 44.63 +0.48 92.31+1.14
(% energy) 19.32 £0.54 17.12+0.35! 16.57 £0.15 14.96 +0.09*
Fat
(@) 41.61+2.35 87.14 + 2.95 36.97 +0.56 96.68 + 1.36
(% energy) 32,50 +1.07 35.93 +0.52 30.06 +0.36 34.31+0.24
Carbohydrates
(9) 133.47+£4.41 245.88 + 4.81" 301.06 +2.85 14251 + 1.58"
(% energy) 48.97+1.23 47.01+0.89 49.02 +0.34 52.89 + 0.38"
Alcohol
(@) 1.12 £0.45 6.21 + 1.56 3.34+0.31 13.05 +0.74*
(% energy) 0.72 £0.32 1.59 + 0.36 2.09+0.19 3.27+0.18!
Iron (mg) 10.68 +0.58 16.77 £ 0.52* 9.00 £0.27 17.31+£0.17*
Calcium (mg) 505.57 +24.08 935.27 + 44.18" 440.51 +£7.70 932.40 + 13.38"
Fiber (g) 11.47 £0.54 19.83 £0.71! 9.81+0.23 18.44 +0.16*
Cholesterol (mg) 202.84 £22.42 322.08 +24.51° 141.79+£2.29 322.82+6.16"
Vitamin A (mg RE) 814.96 £51.29 1305.77 + 90.96" 682.39 +25.33 1121.65 + 19.50*
Vitamin C (mg) 76.98 +6.33 120.02 +5.98" 67.26 £2.47 114.65 + 2.28"

“difference is statistically significant, adequate reporters vs. under-reporters; p<0.01.
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Differences between diabetic under-reporters and ade-
quate reporters persisted within males and females (data not
shown), but no differences were noted for non-diabetics
when stratified by gender.

Men diabetics were 2.13 times as likely to under-report
compared with non-diabetics after adjusting for potential
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confounding factors. Diabetic women were 3.39 times as
likely to under-report compared with non-diabetic women
after adjusting for potential confounding factors (Table 5).

Among self-identified diabetics, a series of analyses were
conducted to determine how various factors such as diabetes
medications and under-reporter status were associated with

Table5. Results of Multiple Logistic Regression Analyses to Compare Under-Reporting Between Diabetics and Non-Diabetics
Stratified by Gender Using the Briefel Standard [2]

Variable p OR 95% CI
Men
Diabetic <0.001 2.126 1.496-3.021
Age (y) <0.001 1.017 1.010-1.025
Education, y completed 0.003 0.940 0.903-0.977
Intake level, vs. more than usual

“Usual” intake 0.039 4.594 1.081-19.520

Less than “usual” intake 0.004 8.750 2.088-36.670
Overweight (BMI > 25.0) <0.001 1.596 1.254-2.030
Currently trying to lose weight 0.006 1.495 1.127-1.985
Physical activity compared to peers, vs. more active

Less active 0.004 1.565 1.161-2.108

Equally as active 0.004 1.495 1.147-1.950
Born in Mexico (vs. USA) <0.001 0.455 0.315-0.658
Below poverty <0.001 2.085 1.568-2.772
# colds or flue in past 4 weeks 0.033 0.848 0.729-0.986
Ever smoke cigars or pipes 0.027 0.759 0.595-0.967
12+ alcoholic drinks in past year 0.034 0.764 0.596-0.979
Recall day (weekend vs. weekday) 0.050 0.717 0.514-1.000
Women
Diabetic 0.002 3.390 1.584-7.253
Age (y) 0.007 1.007 1.002-1.012
Education, y completed 0.004 0.960 0.934-0.986
Intake level, vs. more than usual

“Usual” intake 0.002 3.372 1.613-7.049

Less than “usual” intake <0.001 8.684 3.798-19.855
Overweight (BMI > 25.0) <0.001 1.761 1.415-2.192
Currently trying to lose weight <0.001 1.643 1.337-2.018
Weight status, desire to change vs. desire to weight more

Desire to weigh less (vs. more) 0.006 1.850 1.201-2.851

Desire to weigh same (vs. more) 0.014 1.792 1.129-2.845
Taken antihistamines in past 2 days 0.033 0.752 0.579-0.977
Ever consume 12+ alcoholic drinks 0.003 0.793 0.682-0.922
Interaction of diabetic * year of education 0.053 0.931 0.866-1.001
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HbALc levels. Under-reporting status and BMI were not
associated with the HbAlc values after adjusting for diabetic
medication in both men and women (Table 6). For men, age
was negatively associated with HbAlc but a history of
smoking was positively associated with HbAlc. For women,
age, having smoked cigars, percent of energy from alcohol,
and having been told about retinopathy were associated with
HbA1c values.

CONCLUSIONS

Briefel explored under-reporting using 24-hour dietary
recalls in the first phase of NHANES 11l to determine if pro-
cedures for collecting data had improved since NHANES |
and NHANES |1 [2]. Although procedures appeared to im-
prove, as mean EI:BMRg values were higher in NHANES
111 than in NHANES | and NHANES 11, and under-reporting
was still present. This current research builds on previous
work to explore under-reporting using data from both phases
of NHANES Il and to investigate if an association exists
between self-identified diabetic status and under-reporting of
El. Furthermore, the relative impact of under-reporting on
long-term glycemic control among self-identified diabetics
was explored.

Diabetic males were 2.1 times as likely to under-report
compared with non-diabetic males, using an EI:BMRgs < 0.9
to classify under-reporters. Using the same cutoff value, dia-
betic females were 3.4 times as likely to under-report com-
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pared with non-diabetic females. These effects are seen after
adjusting for factors that would result in lower reported en-
ergy intake, such as attempting to lose weight, “usual” intake
level and physical activity level.

The association of diabetic status with EI:BMR. can be
quantified, though interpretation of results is considerably
less straightforward. For both men and women, diabetic
status was significantly associated with a decreased
EI:BMR ratio, indicating that diabetics appear more likely
to under-report than non-diabetics. While a significant fac-
tor, the relative contribution of diabetic status to the overall
EI:BMRg ratio was small, accounting for roughly 1% of the
total R?.

These results are similar to other studies. Using the first
phase of the NHANES Il dataset, Briefel found significant
relationships between EI:BMRg ratio and age, currently
trying to lose weight, education, smoking status, and “usual”
intake [2]. Alemzadeh et al. [18] studying a small group of
young, type 1 diabetes patients (24 males, 20 females, mean
age 13.2 + 4.5), compared type 1 diabetes with age and sex
matched non-diabetic controls and found no significant asso-
ciation between diabetic status and under-reporting. Examin-
ing solely type 1 diabetics was a shortcoming of
Alemzadeh’s work [18] making comparison with the present
results difficult. NHANES 111 only provides data on diabetic
status at interview, without differentiating between type 1
and type 2 diabetes. If any differential effects exist between

Table 6. Results of Multiple Linear Regression Analyses to Determine the Association Between Hemoglobin Alc Levels and Un-
der-Reporting in Diabetic Men and Women, Third National Health and Nutrition Examination Survey

Variable Coefficient t p
Men
Age -0.02 (0.01) 2.1 0.05
Currently using insulin 1.20 (0.33) 3.6 0.001
Currently taking oral hypoglycemic 0.88 (0.37) 24 0.05
medication
Ever smoked cigarettes 0.65 (0.26) 25 0.05
Constant 7.58
F=5.7; p <0.001; R2=0.10
Women
Currently using insulin 1.82(0.30) 6.1 0.001
Currently taking oral 1.61 (0.24) 6.7 0.001
hypoglycemic medication
Ever been told about retinopathy 0.66 (0.27) 24 0.05
Ever smoked cigars 1.67 (0.25) 6.7 0.001
Percent of energy from alcohol -0.07 (0.02) -4.4 0.001
Age 30-39 vs. 20-29 (y) -1.85 (0.47) 3.9 0.001
Age > 60 vs. 20-29 (y) -2.37 (0.47) 5.0 0.001
Constant 8.52

F=35.3; p <0.001; R2=0.27.
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types 1 and type 2, diabetes they cannot be detected and de-
scribed.

A continuing problem for these analyses is that assessing
dietary intake bias is done by comparing reported El with
estimated BMR. In effect, an assessment of bias is accom-
plished using an estimate of “truth” that is itself biased.
Without knowing a person’s exact energy expenditure, it is
difficult to accurately establish under-reporter status. While
use of a low cut point may classify those who grossly under-
report correctly, those with higher true energy expenditures
but whose ratio of EI:BMRg is above the cut point are likely
to be classified as adequate reporters. Adjustment during
analysis using reported number of activities and “usual” in-
take may not be sufficient to account for the misclassifica-
tion. These data assess only leisure-time physical activity
and do not include physical activity at work nor duration of
the activity.

An additional problem is that estimated BMR does not
adjust for differences in actual energy expenditure due to
illness or chronic disease status. Diabetic patients not main-
taining proper glycemic control actually have greater energy
expenditure levels than non-diabetics [23] and with after
treatment with insulin or oral hypoglycemic medication, en-
ergy expenditure reverts toward normal. Such effects have
been noted for both type 1 [24] and type 2 [25] diabetic pa-
tients. Thus, the magnitude of the relationship between die-
tary under-reporting and diabetic status may actually be
greater than was observed. Methods other than BMRg, such
as whole-body calorimetry [6], doubly-labeled water [6-8],
and urinary biomarkers [9-10], are likely to more accurately
represent energy expenditure. However, these methods are
expensive and impractical for large surveys.

Another concern is the use of BMR. as the denominator
of the dependent variable in regression models that adjust for
age and BMI or height and weight. This is a potential prob-
lem as BMRg was calculated using age-specific formulas
that incorporate height and weight, and the resulting model
may not be statistically sound. Other studies that have also
used the BMRgg, include work performed using the first
phase of NHANES Il [2], the analysis of the Norwegian
NORKOST survey by Johansson [3] and Pryer’s work using
the Dietary and Nutritional Survey of British Adults [4].
Similar relationships between dietary under-reporting, age
and body mass index are noted in all these studies with un-
der-reporting of energy intake increasing with age and more
likely to occur in overweight or obese participants. Further,
calculated BMRgg is not being predicted in these analyses,
rather the degree of under-reporting is being measured.

More research must take place to understand how the use
of imperfect equations to predict BMR affects assessment
of under-reporting. Moreover, as the approach employed in
this research is common, exploration must occur on how
analyses are hampered when dependent variables are formu-
lated, at least in part, when using factors that are also in-
cluded as independent factors.

Monitoring HbAlc has become a common tool for as-
sessing glycemic control in diabetic patients [21]. The ra-
tionale for utilizing HbALc includes the measure’s ability to
objectively assess blood glucose levels during the preceding
two to three months [22]. As excessive blood glucose over
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long periods can lead to serious microvascular complica-
tions, a simple, objective measure such as HbAlc is of con-
siderable utility to clinicians and patients. Indeed, the Diabe-
tes Control and Complications Trial (DCCT) has clinically
validated the measure, showing that improved glycemic con-
trol can reduce the risk of microvascular complications [26]
and lead to improved quality of life in diabetic patients.

Understanding the association between dietary under-
reporting and long-term glycemic control could be a boon to
diabetic patients and clinicians alike, allowing more effective
dietary recommendations to be formulated. However, in this
study long-term glycemic control was not found to be sig-
nificantly associated with dietary under-reporting.

Under-reporting was not associated with increased
HbALc and the major behavioral contributor to HbAlc val-
ues was whether a diabetic was taking insulin or oral hypo-
glycemic drugs. Taking hypoglycemic medication probably
lowered the HbA1c values in diabetics who under-reported.

Under-reporting energy intake can complicate the under-
standing of diet-disease relationships, potentially altering
disease management. Furthermore, under-reporting can bias
the association between diet and disease toward the null
when it occurs in diseased patients. This may become espe-
cially important when trying to determine the effect of diet
on diseases associated with diabetes, such as cardiovascular
disease, neuropathies, and retinopathy. For example, if dia-
betics are at greater risk for cardiovascular disease, but at the
same time have greater under-reporting, the overall associa-
tion between diet and cardiovascular disease will be biased
toward the null due to the greater under reporting in diabet-
ics. A better understanding of which populations are more
likely to under-report has the potential to improve the analy-
ses between diet and diseases.

ABBREVIATIONS

BMRest = Estimated basal metabolic rate
El = Energy intake
EI:'BMRe: = Ratio of energy intake to estimated basal

metabolic rate

HbAlc = Hemoglobin Alc

NHANES Il = Third National Health and Nutrition Ex-
amination Survey

PSU = Population sampling unit
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