& frontiers | Frontiers in Nutrition

‘ @ Check for updates

OPEN ACCESS

Elisabet Maria Rothenberg,
Kristianstad University, Sweden

Evelyn Frias-Toral,

Catholic University of Santiago de

Guayaquil, Ecuador

Maria Duarte-Gardea,

The University of Texas at El Paso, United States

Constantina Papoutsakis
cpapoutsakis@eatright.org

This article was submitted to
Clinical Nutrition,

a section of the journal
Frontiers in Nutrition

04 August 2022
20 February 2023
09 March 2023

Colin C, Arikawa A, Lewis S, Cooper M,
Lamers-Johnson E, Wright L and Papoutsakis C
(2023) Documentation of the
evidence-diagnosis link predicts nutrition
diagnosis resolution in the Academy of
Nutrition and Dietetics' diabetes mellitus
registry study: A secondary analysis of Nutrition
Care Process outcomes.

Front. Nutr. 10:1011958.

doi: 10.3389/fnut.2023.1011958

© 2023 Colin, Arikawa, Lewis, Cooper,
Lamers-Johnson, Wright and Papoutsakis. This
is an open-access article distributed under the
terms of the Creative Commons Attribution
License (CC BY). The use, distribution or
reproduction in other forums is permitted,
provided the original author(s) and the
copyright owner(s) are credited and that the
original publication in this journal is cited, in
accordance with accepted academic practice.
No use, distribution or reproduction is
permitted which does not comply with these
terms.

Frontiersin Nutrition

Brief Research Report
09 March 2023
10.3389/fnut.2023.1011958

Documentation of the
evidence-diagnosis link predicts
nutrition diagnosis resolution in
the Academy of Nutrition and
Dietetics’ diabetes mellitus
registry study: A secondary
analysis of Nutrition Care Process
outcomes

Casey Colin', Andrea Arikawa?, Sherri Lewis?, Melissa Cooper?,
Erin Lamers-Johnson?®, Lauri Wright' and
Constantina Papoutsakis®*

!Department of Nutrition & Dietetics, University of North Florida, Jacksonville, FL, United States, 2James
A. Haley Veterans' Hospital, Tampa, FL, United States, *Academy of Nutrition and Dietetics, Chicago, IL,
United States

Objectives: To describe nutrition care documentation patterns and investigate
predictors of nutrition diagnosis resolution.

Methods: This is a secondary data analysis of a 2-year pragmatic, quasi-
experimental study conducted in outpatient clinics where nutrition care was
provided to adults with diabetes Type 1 or 2 from May 2017 to June 2019 (n = 564
patients). The main outcome measures were frequency of standardized Nutrition
Care Process (NCP) terms, NCP links, nutrition diagnosis resolution and predictors
of nutrition diagnosis resolution. Predictors of diagnosis resolution were identified
using a multivariable logistic regression model.

Results: The most prevalent resolved diagnoses were excessive carbohydrate
intake (32%), undesirable food choices (21%) and excessive energy intake (13%).
The top etiology was food and nutrition related knowledge deficit (57%) and
interventions were drawn mainly from the Nutrition Education domain (64%). One
hundred forty-six patient cases (26%) had at least one follow-up visit and 26% of
those with a follow-up (n = 38) had a resolved diagnosis. The presence of the
evidence-diagnosis NCP link in documentation predicted diagnosis resolution (OR
= 2.80, 95% Cl 1.30-6.02; p = 0.008).

Conclusion: Most diagnoses were caused by patients’ lack of knowledge
and respective interventions focused on nutrition education. Odds of diagnosis
resolution improved when the signs and symptoms of the diagnosis were
documented during assessment (evidence-diagnosis NCP link). Training dietitians
on NCP links may be important to resolve nutrition diagnoses. Presented findings
are hypothesis generating.

Type 2 diabetes, Type 1 diabetes, Nutrition Care Process, dietitians, medical nutrition
therapy (MNT), outcomes
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1. Introduction

Registered dietitian nutritionists (RDNs) apply medical
nutrition therapy (MNT) to treat or manage nutrition diagnoses. A
clearly defined connection between MNT and health improvement
is necessary to demonstrate the contribution of MNT in improving
patients’ health. The Nutrition Care Process (NCP) model is the
nutrition and dietetics profession’s roadmap for nutrition care, and
management of related results (1, 2). The NCP model has four steps
and these are nutrition assessment and reassessment, diagnosis,
intervention, and monitoring and evaluation. The first two steps
identify the nutrition problem, and the last two solve or manage
the identified problem. RDNs use standardized terminology to
document nutrition care. This terminology is called the Nutrition
Care Process Terminology (NCPT) and is an internationally
adopted language that exceeds 2,000 terms. There is still a need to
show the beneficial impact of MNT for specific health conditions.
This can be done by pooling data to show care patterns and related
patient outcomes.

An important aspect of NCP documentation includes creating
logical links between the different components of the NCP model.
There are five links between the six NCP components (evidence,
diagnosis, etiology, goal, intervention, and outcome). All five links
taken together are known as an NCP chain. NCP chains are a way to
assess if the NCP was applied thoughtfully (2, 3). Murphy et al. (4)
specified criteria for examining each of the chain links as part of the
complete NCP chain (Figure 1). Specifically, to determine whether
a complete NCP chain exists in documentation, one must examine
the relevance of: the nutrition diagnosis given the assessment data;
the etiology for the assessed nutrition diagnosis; the intervention in
the context of the nutrition diagnosis etiology; the goals identified
for the intervention; and the monitoring and evaluation data in the
context of the nutrition diagnosis.

The application of the NCP is a required competence for
RDNE. Yet there is a gap between intended and actual use of the
NCP (5-7). Inconsistent documentation and poor application of
standardized language make it difficult to demonstrate associations
between nutrition interventions and outcomes. A research priority
of the Academy of Nutrition and Dietetics is to evaluate the impact
of nutrition care in various conditions such as diabetes mellitus
and identify opportunities for improvement. The purpose of this
study was to describe the documented nutrition care patterns and
investigate predictors of nutrition diagnosis resolution in adults
with diabetes mellitus Type 1 or 2 who received MNT in an
outpatient setting.

2. Methods

The Diabetes Registry Study, is a pragmatic quasi-experimental
study, that took place between May 2017 and June 2019.
Specifically, routine nutrition care provided by RDNs to adult
outpatients with diabetes mellitus Type 1 or 2 was documented
for a randomly selected subset of patients. Documentation of
nutrition care data was aggregated using the Academy of Nutrition
and Dietetics Health Informatics Infrastructure (ANDHII) (3).
ANDHII is a web-based platform where de-identified patient NCP
data is collected for analyses (4).
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The American Academy of Family Physicians Institutional
Review Board reviewed the study protocol (#17-287) and
determined the project was not research involving human subjects
based on Office for Human Research Protections Guidance on
Research Involving Coded Private Information or Specimens (8).

Patient inclusion criteria were age >18 years, first outpatient
visit to RDN for diabetes (patient may have received MNT for
other conditions previously), and referral diagnosis for diabetes
(Type 1, Type 2). Exclusion criteria were the following: diabetes
was not listed on referral sheet as diagnosis, or patient had been
treated by an RDN for diabetes previously. In 2017, an open
call invitation was sent via email to members of the Academy
of Nutrition and Dietetics Diabetes Practice Group and Nutrition
Research Network. Sites were included when they had RDNs on
staff who (1) responded to the call, (2) regularly provided outpatient
nutrition care to adult patients with diabetes, and (3) completed
a one-time in-person 5-h study orientation. Once the orientation
was complete, data on patients who visited the site clinic were
collected. The de-identified data from 564 patients aggregated from
22 different sites are analyzed in the present study as a secondary
data analysis. Of these, 418 patients attended a single nutrition visit
and 146 patients attended an initial nutrition visit and at least one
follow up visit for MNT (Figure 2).

2.1. NCP terminology

The frequency of used NCP terms was determined. The
nutrition diagnosis is a documentation statement made up of
three parts: the problem (P), the etiology (E), and the signs and
symptoms (S). The nutrition diagnosis is frequently referred to as
the PES statement. In the NCP, indicators are variables tracked for
improved results. For example, waist circumference is an indicator
that may be tracked for change. Indicators were directly extracted
from the signs and symptoms portion of the PES statement.
Indicators were assessed for goal progress only in patients who had
one or more follow-up visits (n = 146). Positive goal progress was
considered when the indicator’s value either remained the same or
improved. In some cases, indicators were not tracked between the
initial and follow-up visits, therefore goal progress was unknown.
Nutrition diagnosis resolution was defined as follows: a patient’s
nutrition problem was counted as resolved only when a status label
of “resolved” was documented in the patient’s note.

2.2. NCP chain links

Documentation from every patient was assessed for NCP
chain links against the criteria defined by Murphy et al. (4)
(Figure 1). A score of “yes” or “no” regarding link presence was
awarded for each of the five NCP chain links. The NCP links
are the “evidence-diagnosis” link; the “diagnosis-etiology” link;
the “etiology-intervention” link; the “intervention-goal” link; and
the “diagnosis-outcomes” link (Figure 1). Goals were identified
either in the nutrition intervention section of the note, or in the
monitoring and evaluation section of the note.
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Nutrition Care

Process chain link documentation

Criteria for link presence in Nutrition Care Process

Evidence-Diagnosis

At least one Nutrition Care Process Term (NCPT) used in the
nutrition assessment is used in the signs and symptoms (S) portion of
the Problem-Etiology-Signs and Symptoms (PES) statement in the
nutrition diagnosis, and is determined to be an abnormal finding

Diagnosis-Etiology
statement

The nutrition diagnosis contains at least one etiology (E) for the
problem (P) in the Problem-Etiology-Signs and Symptoms (PES)

Etiology-Intervention

Each etiology (E) included in the Problem-Etiology-Signs and
Symptoms (PES) statement of the nutrition diagnosis is assigned a
relevant nutrition intervention

Intervention-Goal
ervention-yo documented

Every nutrition intervention has a specific goal assigned and

Diagnosis-Outcomes

nutrition diagnosis

At least one outcome listed in the nutrition monitoring & evaluation
Nutrition Care Process Term (NCPT) is directly related to the

NCP = Nutrition Care Process
NCPT = Nutrition Care Process Terminology
PES = Problem, Etiology, Signs and symptoms

FIGURE 1

problem, the etiology, and the signs and symptoms.

Criteria for determining presence of chain links in Nutrition Care Process (NCP) documentation (4). NCPT, Nutrition Care Process Terminology; PES,

2.3. Statistical analysis

IBM SPSS Statistics version 26.0 (9) was used for statistical
analyses, and statistical significance was set at p < 0.05. Descriptive
statistics were expressed as frequency (percentage) for categorical
variables and mean (standard deviation) for continuous and
discrete variables. To evaluate predictors of diagnosis resolution
a univariate analysis was carried out to examine relationships
between putative predictive factors and the dependent variable
(diagnosis resolution). Variables whose relationship was significant
in the univariate analysis (p < 0.10) were entered into multivariable,
backward stepwise logistic regression.

3. Results

The dataset of the Diabetes Registry Study contained NCP data
on 790 total patient visits from 564 patients. Of the 564 patients,
418 had one visit without follow-up, leaving 146 patients (with a
total of 372 visits including all follow-up visits). Nutrition diagnosis
resolution was achieved in 26% of patients with follow up visits (38
of 146 patients).

3.1. NCP chain links

146), the evidence-
diagnosis link had the lowest frequency (56%) compared to the

In patients with follow-up visits (n =

other four links. The remaining link frequencies were: 97% for the
diagnosis-etiology link and the etiology-intervention link, 95% for
the intervention-goal link, and 88% for the diagnosis-outcome link.
Of the 146 patients with follow-up visits, exactly half the patients
(73) had complete NCP chains (all links present).
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Total Patients
(n=564)

Analyzed for Nutrition Care Process
Terminology (NCPT) utilization

l l

(n=146)
Patients with follow-up visits

(n=418)
Patients with one visit

Analyzed for predictors of
nutrition diagnosis resolution

FIGURE 2
Data analysis flowchart for patients from the diabetes registry study.

3.2. NCPT utilization

The five most frequently used terms in all patients (n = 564)
for each NCP category are listed in the Supplementary Table 1.
The most frequent nutrition assessment term was glycosylated
hemoglobin measurement (17% of nutrition assessment terms). The
most frequent problem was excessive carbohydrate intake (37%
of nutrition diagnosis terms); the most frequent etiology was
food and nutrition related knowledge deficit (57% of etiologies);
and the most frequent sign and symptom was glycosylated
hemoglobin measurement (18% of signs and symptoms). The
most frequent nutrition intervention was nutrition relationship to
health/disease (12% of nutrition intervention terms); and the most
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frequent nutrition monitoring and evaluation term was glycosylated
hemoglobin measurement (17% of nutrition monitoring and
evaluation terms).

3.3. Reassessment findings

Positive goal progress was achieved in 44% of goals (n = 282
goals from 146 patients). Also, goal progress was not achieved in
15% of goals. In some patients, indicators were not tracked from
visit to visit, therefore goal progress was unknown (41% of goals).
For example, in visit 1 fasting glucose was tracked for progress but
then in visit 2 body weight was tracked and fasting glucose was not
documented in visit 2. Thus, goal progress of fasting glucose could
not be determined.

Nutrition diagnosis resolution could be assessed only in
patients who had at least one follow-up visit (n = 146). Nutrition
108) of
patients with follow up. Among patients that achieved nutrition

diagnosis resolution was not achieved in 74% (n =

diagnosis resolution (1 = 38, 26%), the most frequently tracked
indicator was glycosylated hemoglobin measurement, and the most
common etiology category and nutrition intervention domain was
knowledge, and nutrition education, respectively (Table 1).

3.4. Predictors of diagnosis resolution

In univariate analysis, the diagnosis-etiology link (p = 0.749),
the etiology-intervention link (p = 0.476), and the total number
of visits (p = 0.974) were not related to diagnosis resolution
and were not included in the multivariable regression model. The
evidence-diagnosis link (p = 0.008) was significantly associated
with diagnosis resolution and was included in the logistic regression
model. The Intervention-goal link (p = 0.073) and the diagnosis-
outcome link (p = 0.064) were not significantly related to diagnosis
resolution but were included in the multivariable regression model.
When all relevant predictors were entered into the multivariable
regression model, the evidence-diagnosis link (p = 0.008) remained
a significant predictor of diagnosis resolution. Documentation of
the NCP evidence-diagnosis link increased the odds of diagnosis
resolution significantly (OR = 2.80, 95% CI 1.30-6.02; p = 0.008;
Table 2).

4. Discussion

To our knowledge, nutrition care documentation patterns
according to the NCP model are described for the first time in
outpatient adults with diabetes. The nutrition diagnosis resolution
rate reached 26% in the Diabetes Registry Study. There was
a preponderance of nutrition knowledge problems that were
addressed with nutrition education interventions. At the patient
level, documentation of the evidence-diagnosis NCP link improved
the odds of nutrition diagnosis resolution (OR = 2.80, 95% CI
1.30-6.02; p = 0.008). These findings are hypothesis generating and
support the need to research at a larger scale the contribution of
NCP application in improved care.
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4.1. NCPT utilization

The nutrition assessment data justify the presence of the
nutrition diagnosis. Here, the most frequently used nutrition
diagnosis was excessive carbohydrate intake (Table 1); yet
assessment terms describing carbohydrate intake accounted
for <3% (data not shown). Presence of the evidence-diagnosis link
was a predictor of problem resolution. Lewis et al. (10) found that
the etiology-intervention link was the most significant predictor
of diagnosis resolution, and the evidence-diagnosis link was
the second most significant predictor of problem resolution. In
this study, the etiology-intervention link was not found to be a
predictor of problem resolution (p = 0.476). This is a secondary
data analysis and an a priori power analysis is not possible.
However, the possibility of a type II error cannot be excluded in
this instance. Murphy et al. (4) found that “evidence-initiated NCP
chains” were significantly associated with complete NCP chains.
Evidence-initiated chains are those chains that correctly include
in the assessment documentation those data points that constitute
the evidence (signs and symptoms) in the PES statement. We
cannot be certain if the evidence-diagnosis link is a marker of
better understanding of the NCP. Regardless of the mechanism,
this finding is important for practitioners because it is linked to

improved diagnosis resolution.

4.2. Nutrition intervention effectiveness

The most frequent etiology, food and nutrition related
knowledge deficit (Table 1), should indicate that a lack of knowledge
was observed. Yet <3% of assessment terms were knowledge-based
(data not shown), which may indicate insufficient time (perceived
or actual) for critical thinking to determine an accurate etiology for
the problem(s) observed. The intervention may be appropriately
directed toward resolving the documented etiology; but, if the lack
of knowledge was not assessed, or the true etiology is not lack
of knowledge, the intervention may not be appropriate. While
the etiology-intervention link was present in 97% of follow-up
cases, diagnosis resolution was observed in 26% of the cases.
This misalignment supports the possibility of an inaccurately
documented etiology. Another distinct possibility is that more
nutrition care visits are needed to resolve nutrition diagnoses. A
major characteristic of the Diabetes Registry Study was limited
follow-up since only a quarter of cases were seen more than once.

Few interventions were from the counseling domain (data not
shown), and most were from the education domain (Table 1). This
finding is consistent with another study by Chui and colleagues
(11), where authors noted a “heavy focus” on interventions from
the education domain, and far less interventions from counseling.
However, in a machine learning analysis of the same dataset
that Chui and colleagues analyzed, counseling interventions were
associated with higher diagnosis resolution rates when compared to
interventions from other domains (12). Although counseling skills,
including behavior change facilitation, are required by RDNs, these
methods appear not to be used readily; or, if they are, they are
not being documented (11). The NCPT includes terminology to
describe counseling techniques and strategies. Yet, education terms
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TABLE 1 Distribution of Nutrition Care Process (NCP) standardized terminology used for patients with Type 1 and Type 2 diabetes mellitus that achieved

nutrition diagnosis resolution (n = 38 patients).

Resolution (n) NCP term Domain? Frequency used n (%)

Nutrition diagnosis

Problem (n = 38 terms) Excessive carbohydrate intake Intake 12 (31.57)
Undesirable food choices Behavioral-environmental 8(21.05)
Excessive energy intake Intake 5(13.16)
Food and nutrition related knowledge deficit Behavioral-environmental 3(7.89)
Excessive fat intake® Intake 2(5.26)

Etiology (n = 38 terms) Food and nutrition related knowledge deficit Knowledge 27 (71.05)
Disordered eating pattern Psychological 2(5.26)
Not ready for diet/lifestyle change Beliefs-attitudes 2(5.26)
Excessive carbohydrate intake® Behavior 1(2.63)
Hyperglycemia® Physiologic-metabolic 1(2.63)

Signs and symptoms® (n = 123 terms) Glycosylated hemoglobin measurement Biochemical data 36 (29.27)
Glucose, fasting Biochemical data 13 (10.57)
Total carbohydrate intake Intake 11 (8.94)
Body weight Anthropometric measurements 7 (5.69)
Total energy intake Intake 6 (4.88)

Nutrition intervention (n = 278 terms) Recommended nutrition modifications Nutrition education 47 (16.91)
Nutrition relationship to health/disease Nutrition education 33 (11.87)
Other nutrition education Nutrition education 31(11.15)
Physical activity guidance Nutrition education 22(7.91)
Priority modifications, nutrition education Nutrition education 19 (6.83)

Etiology uses a category rather than a domain.

YWhen frequencies were equal among the next highest-used term, terms were listed in alphabetical order.

€Signs and symptoms were the indicators used to determine goal progress, and the top 5 indicators with positive goal progress are listed here.

are far more frequently documented compared to counseling, even
when there is no evidence of knowledge deficit in the assessment.
It is not clear if there is a need to improve RDNs counseling
competencies or RDNs are unfamiliar with the NCPT and do not
utilize appropriate counseling terms. Further research is needed to
understand why counseling terms are less frequently used.

4.3. Implications for practice

Nutrition care registry studies may serve as a valuable testing
ground where gaps in existing terminology and terminology usage
can be identified. Future registry studies should incorporate a way
to report the reason for lack of follow-up nutrition visits (e.g.,
missed scheduled appointment). Understanding reasons for lack of
follow up would help researchers to explore barriers that contribute
to low outpatient attendance. Future studies should explore if
increased counseling interventions have a positive impact on
nutrition diagnosis resolution rate and/or number of return visits.

Advocating for an update in MNT financial coverage by the
Centers for Medicare & Medicaid Services (CMS) has been on the
forefront. The current reimbursement guidelines for diabetes in the
US put limitations on the total number of MNT hours per year for
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Medicare beneficiaries, for example (13). In the spirit of holistic,
individualized diabetes management, the number and frequency of
visits should be patient driven. To solidify the platform on which
to present a case for revision of MNT reimbursement legislation,
more data should be available.

Collectively, the inconsistencies in NCP application reported
here may indicate either inadequate understanding of NCP chain
links, incomplete documentation for what is really happening
in the MNT session, inadequate time for comprehensive MNT
or charting, or inadequate NCP training overall. The possibility
that continuous improvement in NCP terminology will help
reduce such inconsistencies in documentation cannot be ruled
out. It is important to also acknowledge that at present, entering
data into ANDHII leads to double charting because ANDHII is
not able to exchange data with other electronic health records.
This fundamental information technology function is known as
interoperability. The lack of ANDHII’s interoperability comes with
a time cost, and for busy clinicians, time is at a premium. Making
RDNs aware of the NCP use and its importance is not enough
for adoption (14). Lack of time (15), lack of motivation to change
(16), and difficulties embracing change (17), are among the biggest
reported barriers to using the NCP. However, use of the NCP
increased physician support of nutrition care up to 90% (18). A
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TABLE 2 Results of a backward, stepwise, multivariable analysis for
predictors of nutrition diagnosis resolution in patients with Type 1 and
Type 2 diabetes mellitus (n = 146).

Variable B OR (95% Cl)  p-value
Evidence-diagnosis link ‘ 1.03 (0.29) ‘ 2.80 (1.30, 6.02) ‘ 0.008
Constant ‘ —0.57 (0.29) ‘ 0.21 ‘ <0.001

Goodness of fit: [x? (1) = 7.23, p = 0.007]. Nagelkerke R* = 0.07.
B, beta coefficient (standard error); OR, odds ratio; CI, confidence interval.
The p-value was bolded to emphasize the significance.

major difference between RDNs and other allied health professions
is that several allied health professions have been able to link
objectively patient outcomes with the care they provide (19, 20).

In an era where digital learning prevails, providing state-of-the-
art training on quality documentation is of paramount importance.
Training and refresher courses should include understanding of
NCP chain links, continuous outcomes tracking and overall quality
application of the NCP.

4.4. Limitations

A strength of this study was that it exposed the large amount
of broken NCP chains as a documentation issue and identified that
intact chain links are associated with diagnosis resolution.

Several limitations exist within this study. RDNs who
participated may be more enthusiastic about the NCP and NCPT
compared to RDNs who did not participate. Thus, participation
bias cannot be excluded as a possibility. ANDHII does not include a
dedicated section on “goal,” so the interpretation of what the RDN
considered a “goal” vs. what the researchers flagged as a “goal”
may differ. This study examined documentation of MNT including
documentation of counseling. Interpretations about MNT delivery
including provision of limited counseling are not derived from
observations of actual sessions. Frequency of follow up was tracked
but not follow up time. The lack of follow up visits was high,
goal progress was frequently not documented, and continuity
in tracking indicators was problematic in patients with follow
up. Positive goal progress included indicators which stayed the
same, which may have artificially inflated the data if the indicator
was the same solely due to lack of updated data (e.g., no new
hemoglobin Alc available, so the previous result was documented).
The NCP chain link evaluation has potential for the introduction
of bias, as interpretation of the criteria often requires clinical
judgement. Research results were limited by the available data of
the Diabetes Registry Study. Nutrition diagnosis status labels must
be unambiguous. Yet, available nutrition diagnosis status labels did
not differentiate whether an active diagnosis was “improving,” or
“not improving.” The Diabetes Registry Study is a pragmatic quasi
experimental study that describes care under real life conditions. In
future studies, the inclusion of a control group (patients who did
not receive MNT from an RDN) is optimal. A power calculation
was not performed prior to the Diabetes Registry Study. Given
these limitations, results from this secondary data analysis may not
be generalizable.
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5. Conclusion

In this secondary data analysis of the Diabetes Registry Study,
nutrition knowledge problems were the most frequently recorded
problems, and these were managed with nutrition education.
Also, there is a need for additional follow up given that only
about a quarter of patients had documented follow up care and
resolution of nutrition diagnoses was achieved 26% of times. At
the patient level, the presence of the evidence-diagnosis NCP
link improved the odds of nutrition diagnosis resolution. These
predictive results are hypothesis generating. Additional studies are
needed to replicate findings with larger samples.
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