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Purpose: The aim of this study was to develop and internally validate a medication nonadherence 

risk nomogram in a Chinese population of patients with inflammatory rheumatic diseases.

Patients and methods: We developed a prediction model based on a training dataset of 

244 IRD patients, and data were collected from March 2016 to May 2016. Adherence was 

evaluated using 19-item Compliance Questionnaire Rheumatology. The least absolute shrinkage 

and selection operator regression model was used to optimize feature selection for the medication 

nonadherence risk model. Multivariable logistic regression analysis was applied to build a 

predicting model incorporating the feature selected in the least absolute shrinkage and selection 

operator regression model. Discrimination, calibration, and clinical usefulness of the predicting 

model were assessed using the C-index, calibration plot, and decision curve analysis. Internal 

validation was assessed using the bootstrapping validation.

Results: Predictors contained in the prediction nomogram included use of glucocorticoid (GC), 

use of nonsteroidal anti-inflammatory drugs, number of medicine-related questions, education 

level, and the distance to hospital. The model displayed good discrimination with a C-index 

of 0.857 (95% confidence interval: 0.807–0.907) and good calibration. High C-index value of 

0.847 could still be reached in the interval validation. Decision curve analysis showed that the 

nonadherence nomogram was clinically useful when intervention was decided at the nonadher-

ence possibility threshold of 14%.

Conclusion: This novel nonadherence nomogram incorporating the use of GC, the use of 

nonsteroidal anti-inflammatory drugs, the number of medicine-related questions, education 

level, and distance to hospital could be conveniently used to facilitate the individual medication 

nonadherence risk prediction in IRD patients.

Keywords: noadherence, inflammatory rheumatic diseases, Compliance Questionnaire 

Rheumatology, predictors, nomogram

Introduction
Medication nonadherence is defined as the act of discontinuing or stopping treatment 

for the prescribed duration.1 For many chronic diseases including inflammatory rheu-

matic diseases (IRDs), adherence to long-term therapy in patients is associated with 

relieving symptoms, decreasing disease flares, and controlling disease progress.2 In 

addition, the consequences of poor adherence to long-term therapies are poor health 

outcomes and increased health care cost.3
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Poor adherence in chronic diseases is a worldwide prob-

lem of striking magnitude.4 Medication adherence in patients 

with IRDs in the world is relatively low. For example, medi-

cation adherence ranged from 30% to 80% in rheumatoid 

arthritis (RA)5,6 and varied from 3% to 76% in systemic lupus 

erythematosus (SLE).7 However, medication nonadherence 

is affected by multiple determinants8 such as socioeconomic 

factors (eg, practical social support, emotional support, mari-

tal status, and family cohesiveness), condition-related factors 

(eg, health status, work strength, and medical insurance), 

therapy-related factors (eg, medicine dose, type of medicine, 

medicine amount, side effects, and medicine-related ques-

tions), and patient-related factors (eg, age, sex, employment, 

income, education level, and distance to hospital).

Considering so many associated risk factors, accurate 

prediction adherence tools and early intervention may be the 

most effective actions toward unsatisfactory adherence.9 Fur-

thermore, 19-item Compliance Questionnaire Rheumatology 

(CQR19) is a suitable adherence measurement and has been 

developed and identified to assess the effective adherence to 

medicine in patients with IRDs.10,11 Compliance Questionnaire 

Rheumatology (CQR) can be used to identify variables related 

to nonadherence.12,13 Although previous study on RA in China 

identified many variables associated with adherence,14 no data 

are available regarding variables related to adherence in IRDs 

in Chinese patients. Based on CQR, a predictive nomogram 

might make a difference for IRD patients who might present 

medication nonadherence. Nevertheless, to our knowledge, 

there is no study focused on this issue.

The purpose of this study was to develop a valid but 

simple prediction tool by CQR adherence estimation for IRDs 

to assess the risk of nonadherence using only characteristics 

easily available when starting the therapy.

Patients and methods
Patients
Research approval was obtained from Ren Ji Hospital, School 

of Medicine, Shanghai Jiao Tong University’s Ethics Commit-

tee (approval no [2016]216K). Patients were recruited from the 

Shanghai Jiao Tong University of Medicine affiliated Ren Ji 

Hospital, from March 2016 to May 2016, and they came from 

all over China. Patients were included if they took rheumatic 

medicine and fulfilled the American College of Rheumatol-

ogy (ACR) 1987 or 2012 criteria for ankylosing spondylitis 

(AS), SLE, RA, and other IRDs. All participating patients 

provided written informed consent and completed question-

naires assessing adherence to treatment and participated in a 

10-minute interview with the specialist pharmacy assistant. 

Patients who were illiterate, had severe cognitive disorders, 

or had serious physical constraints were excluded. Data such 

as demographic, disease, and treatment characteristics of the 

patients were collected from medical records.

Adherence assessment
CQR19 was used to assess adherence in patients with IRDs. 

The CQR consists of 19 items about taking medicine, in which 

patients were asked the degree of agreement with statements. 

Answers are based on 4-point Likert scales from 4 to 1 (4: 

agree very much; 3: agree; 2: do not agree; and 1: do not agree 

at all).10 The final point allows the identification of nonadher-

ent patients (defined as “poor taking compliance” 80%) 

with a small false-positive rate.10 Patients completed the 

questionnaires with the specialist pharmacy assistant. For 

each drug, patients were required to report their medication 

problems face to face and these problems were summarized 

into the following four dimensions: 1) error on prescription; 

2) missing doses; 3) unknown precautions; and 4) stop taking 

the medicine or adjust dosage by themselves, which explained 

the number of medication-related problems.

Statistical analysis
All data including demographic, disease, and treatment char-

acteristics were expressed as count (%). Statistical analysis 

was performed using the R software (Version 3.1.1; https://

www.R-project.org).

The least absolute shrinkage and selection operator 

(LASSO) method, which is suitable for the reduction in high-

dimensional data,15,16 was used to select the optimal predictive 

features in risk factors from the patients with IRDs. Features 

with nonzero coefficients in the LASSO regression model 

were selected.17 Then, multivariable logistic regression analy-

sis was used to build a predicting model by incorporating the 

feature selected in the LASSO regression model. The features 

were considered as odds ratio (OR) having 95% confidence 

interval (CI) and as P-value. The statistical significance 

levels were all two sided. Sociodemographic variables with 

the P-value of 0.05 were included in the model, whereas 

variables associated with disease and treatment characteris-

tics were all included.18 All potential predictors were applied 

to develop a predicting model for medication nonadherence 

risk by using the cohort.19,20

Calibration curves were plotted to assess the calibra-

tion of the nonadherence nomogram. A significant test 

statistic implies that the model does not calibrate perfectly.21 

To quantify the discrimination performance of the non-

adherence nomogram, Harrell’s C-index was measured. 
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The nonadherence nomogram was subjected to bootstrap-

ping validation (1,000 bootstrap resamples) to calculate 

a relatively corrected C-index.22 Decision curve analysis 

was conducted to determine the clinical usefulness of the 

nonadherence nomogram by quantifying the net benefits 

at different threshold probabilities in the IRD cohort.23 The 

net benefit was calculated by subtracting the proportion of 

all patients who are false positive from the proportion of 

the patients who are true positive and by weighing the relative 

harm of forgoing interventions compared with the negative 

consequences of an unnecessary intervention.24

Results
Patients’ characteristics
A total of 244 patients visiting our clinic from March 2016 to 

May 2016 completed questionnaires, and the cohort consisted 

of 99 patients with SLE, 45 patients with AS, 55 patients 

with RA, and 45 patients with other inflammatory diseases. 

According to CQR scores, all patients were divided into 

adherence and nonadherence groups (60 males and 184 

females; mean age 41.31±15.52 years [range 15–88 years]). 

All data of patients including demographic, disease, and treat-

ment features in the two groups are given in Table 1.

Table 1 Differences between demographic and clinical characteristics of adherent and nonadherent groups

Demographic characteristics n (%)

Adherence (n=132) Nonadherence (n=112) Total (n=244)

Age (years)
55 98 (74.24) 92 (82.14) 190 (77.87)
55 3 (25.76) 20 (17.86) 54 (22.13)

sex
Female 106 (80.30) 89 (69.64) 184 (75.41)
Male 24 (19.70) 34 (30.36) 60 (24.59)

Marital status
Married 103 (78.03) 89 (79.46) 192 (78.69)
Other marital statuses 29 (21.97) 23 (20.54) 52 (21.31)

education level
Primary (0–9 years) 53 (40.15) 31 (27.68) 84 (34.43)
Secondary (9–12 years) 45 (34.09) 39 (34.82) 84 (34.43)
higher (12 years) 34 (25.76) 42 (37.50) 76 (31.15)

Employment
Employed 79 (59.85) 40 (64.29) 151 (61.89)
Unemployed 53 (40.15) 72 (35.71) 93 (38.11)

Working strength
Less activity (office, and so on) 112 (84.85) 86 (76.79) 198 (81.15)
Light-to-moderate activity (installers and so on) 17 (12.88) 23 (20.53) 40 (16.39)
Moderate or heavy activity (agriculture and so on) 3 (2.27) 3 (2.68) 6 (2.46)

Monthly per capita income (yuan)
1,000 4 (3.03) 5 (4.46) 9 (3.36)
1,000–9,999 103 (78.03) 84 (75.00) 187 (76.64)
10,000–19,999 14 (10.61) 14 (12.50) 28 (11.48)
20,000 11 (8.33) 9 (8.04) 20 (8.2)

Type of medical insurance
rural cooperative medical care 6 (4.55) 12 (10.71) 18 (7.38)
Urban medical insurance 92 (69.70) 81 (72.32) 173 (70.90)
self-funded 34 (25.76) 19 (16.96) 53 (21.72)

Distance to hospital (km)
30 65 (50.76) 46 (41.07) 111 (45.49)
30 67 (49.24) 66 (58.93) 133 (54.51)

Beyond annual household income (Yuan)
Yes 12 (9.09) 6 (5.36) 18 (7.38)
no 120 (90.91) 106 (94.64) 226 (92.62)

Disease characteristics
Disease

sle 59 (44.70) 40 (35.71) 99 (40.57)
rA 26 (19.70) 28 (25.00) 54 (22.13)

(Continued)
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Table 1 (Continued)

Demographic characteristics n (%)

Adherence (n=132) Nonadherence (n=112) Total (n=244)

As 17 (12.87) 27 (24.11) 44 (18.03)
Others 30 (22.73) 17 (15.18) 47 (19.26)

Disease duration (years)
0–1 30 (22.73) 23 (20.54) 53 (21.72)
1–5 81 (61.36) 64 (57.14) 145 (59.43)
5 21 (15.91) 25 (22.32) 46 (18.85)

comorbidities
0 53 (40.15) 59 (52.68) 112 (45.90)
1–2 47 (35.61) 35 (31.25) 82 (33.61)
3 32 (24.24) 18 (16.07) 50 (20.49)

Treatment characteristics
Types of pills prescribed daily

1–2 27 (20.45) 26 (23.21) 53 (21.72)
3 24 (18.18) 18 (16.07) 42 (17.21)
4–5 62 (46.97) 38 (33.93) 100 (40.98)
6 19 (14.39) 30 (26.79) 49 (20.08)

current use of gc
Yes 97 (73.48) 67 (59.82) 164 (67.21)
no 35 (26.52) 45 (40.18) 80 (32.79)

number of DMArDs
0–1 80 (60.61) 69 (61.61) 149 (61.07)
2 52 (39.39) 43 (38.39) 95 (38.93)

current use of nsAiDs
Yes 17 (12.88) 40 (35.71) 57 (23.36)
no 115 (87.12) 72 (38.39) 187 (76.64)

current use of biologic
Yes 21 (15.91) 7 (6.25) 28 (11.48)
no 111 (84.09) 105 (93.75) 216 (88.52)

Dosing frequency daily
once 9 (6.82) 2 (1.79) 11 (4.51)
Once 13 (9.85) 12 (10.71) 25 (10.25)
Twice 86 (65.15) 72 (64.29) 158 (64.75)
Thrice 21 (15.91) 24 (21.43) 45 (18.44)
thrice 3 (2.27) 2 (1.79) 5 (2.05)

Types of side effects
0 36 (27.27) 22 (19.64) 58 (23.76)
1 53 (40.15) 34 (30.36) 87 (35.66)
2 34 (25.76) 39 (34.82) 73 (29.92)
3 9 (6.82) 17 (15.18) 26 (10.66)

The number of medication-related questions
0 88 (66.67) 12 (10.71) 100 (40.98)
1 35 (26.52) 65 (58.04) 100 (40.98)
2 9 (6.82) 35 (31.25) 44 (18.04)

Consultation frequency yearly
1–4 47 (35.61) 38 (33.93) 85 (34.84)
5–10 54 (40.91) 54 (48.21) 108 (44.26)
10 31 (23.48) 20 (17.86) 51 (20.90)

Hospitalization frequency yearly
never 85 (64.39) 67 (59.82) 152 (62.30)
Once 32 (24.24) 35 (31.25) 67 (27.46)
2 15 (11.36) 10 (8.93) 25 (10.24)

current use of alternative medicines
Yes 62 (46.97) 49 (43.75) 111 (45.49)
no 70 (53.03) 63 (56.25) 133 (54.51)

Abbreviations: AS, ankylosing spondylitis; DMARDs, disease-modifying antirheumatic drugs; GC, glucocorticoid; NSAIDs, nonsteroidal anti-inflammatory drugs; 
RA, rheumatoid arthritis; SLE, systemic lupus erythematosus.
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Feature selection
Of demographic, disease, and treatment features, 22 features 

were reduced to five potential predictors on the basis of 

244 patients in the cohort (~4:1 ratio; Figure 1A and B) and were 

with nonzero coefficients in the LASSO regression model.

These features included use of glucocorticoid (GC), use 

of nonsteroidal anti-inflammatory drugs (NSAIDs), number 

of medicine-related questions, education level, and distance 

to the hospital (Table 2).

Development of an individualized 
prediction model
The results of the logistic regression analysis among the use 

of GC, the use of NSAIDs, the number of medicine-related 

questions, education level, and distance to hospital are 

given in Table 2. The model that incorporated the above 

independent predictors was developed and presented as the 

nomogram (Figure 2).

Apparent performance of the 
nonadherence risk nomogram in the 
cohort
The calibration curve of the nonadherence risk nomogram 

for the prediction of medication nonadherence risk in 

IRD patients demonstrated good agreement in this cohort 

(Figure 3). The C-index for the prediction nomogram was 

0.857 (95% CI: 0.807–0.907) for the cohort, and was con-

firmed to be 0.8472 through bootstrapping validation, which 

Figure 1 Demographic and clinical feature selection using the LASSO binary logistic regression model.
Notes: (A) Optimal parameter (lambda) selection in the LASSO model used fivefold cross-validation via minimum criteria.17,24 The partial likelihood deviance (binomial 
deviance) curve was plotted versus log(lambda). Dotted vertical lines were drawn at the optimal values by using the minimum criteria and the 1 SE of the minimum criteria 
(the 1-SE criteria). (B) LASSO coefficient profiles of the 22 features. A coefficient profile plot was produced against the log(lambda) sequence. Vertical line was drawn at the 
value selected using fivefold cross-validation, where optimal lambda resulted in five features with nonzero coefficients.
Abbreviations: LASSO, least absolute shrinkage and selection operator; SE, standard error.

Table 2 Prediction factors for medication nonadherence in irDs

Intercept and variable Prediction model

β Odds ratio (95% CI) P-value

intercept −4.3834 0.012 (0.003–0.049) 0.001
current use of gc −0.5059 0.603 (0.281–1.296) 0.196
current use of nsAiDs 1.0609 2.889 (1.238–6.959) 0.015
education level 0.4792 1.615 (1.086–2.434) 0.001
Distance to hospital −0.4948 0.610 (0.314–1.166) 0.019
number of medication-related questions 2.0203 7.541 (4.558–13.253) 0.138

Note: β is the regression coefficient.
Abbreviations: CI, confidence interval; GC, glucocorticoid; IRDs, inflammatory rheumatic diseases; NSAIDs, nonsteroidal anti-inflammatory drugs.
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suggested the model’s good discrimination. In the nonadher-

ence risk nomogram, apparent performance addressed a good 

prediction capability.

clinical use
The decision curve analysis for the medication nonadher-

ence nomogram is presented in Figure 4. The decision curve 

showed that if the threshold probability of a patient and a 

doctor is 14 and 88%, respectively, using this nonadher-

ence nomogram to predict medication nonadherence risk adds 

more benefit than the scheme. Within this range, net benefit 

was comparable with several overlaps, on the basis of the 

nonadherence risk nomogram.

Discussion
Nowadays, nomograms are widely used as prognostic 

devices in oncology and medicine. Nomograms depended 

on user-friendly digital interfaces, increased accuracy, and 

more easily understood prognoses to aid better clinical 

decision making.25 And our study was the first study that 

this nomogram was applied in the rheumatic diseases and 

medication adherence.

We developed and validated a novel prediction tool for 

nonadherence risk among IRD patients taking rheumatic 

medicine merely using five easily available variables. Incor-

porating demographic, disease, and therapy features’ risk 

factors into an easy-to-use nomogram facilitates the IRD 

individualized prediction of medicine adherence. This study 

provided a relatively accurate prediction tool of medication 

nonadherence for IRD patients. Internal validation in the 

cohort demonstrated good discrimination and calibration 

power; especially our high C-index in the interval validation 

identified that this nomogram can be widely and accurately 

used for its large sample size.25

Figure 2 Developed medication nonadherence nomogram.
Note: The medication nonadherence nomogram was developed in the cohort, with the use of gc, the use of nsAiDs, the number of medicine-related questions, education 
level, and the distance to hospital incorporated.
Abbreviations: GC, glucocorticoid; NSAIDs, nonsteroidal anti-inflammatory drugs.
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Figure 4 Decision curve analysis for the nonadherence nomogram.
Notes: The y-axis measures the net benefit. The dotted line represents the 
medication nonadherence risk nomogram. The thin solid line represents the 
assumption that all patients are nonadherent to medication. Thin thick solid 
line represents the assumption that no patients are nonadherent to medication. 
The decision curve showed that if the threshold probability of a patient and a 
doctor is 14 and 88%, respectively, using this nonadherence nomogram in the 
current study to predict medication nonadherence risk adds more benefit than the 
intervention-all-patients scheme or the intervention-none scheme.
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In this study, ~46% of the patients did not adhere to their 

therapy by CQR. In the risk factor analysis, the use of GC, 

the use of NSAIDs, medicine-related questions, education 

level, and distance to hospital were associated with medica-

tion adherence in IRD patients. This nomogram suggested 

that using no GC, using NSAIDs, higher education, shorter 

distance to hospital, and more medicine-related questions 

may be the key individual factors that determine medication 

nonadherence risk for IRD patients.

Similar to previous studies,26,27 the use of NSAIDs was 

also associated with higher nonadherence, which could 

signify that patients are more likely to discontinue their 

therapies. This study demonstrated that using GC has better 

adherence because most patients with adherence to medica-

tion were diagnosed with SLE and RA; in other words, GC  

was their key drug to relieve symptoms.28 Different from 

previous studies,29,30 higher education may contribute to 

poorer adherence. Maybe the patients with higher education 

in the cohort were more worried about rheumatic medication-

related questions, such as side effects. Also, different from 

an other study,31 short distance to hospital may result in poor 

adherence, which may be associated with our hospital’s rural 

location. To our surprise, the factor, medicine-related ques-

tions, is the most key point to affect medication adherence, 

which suggested that explaining medicine-related questions 

especially error in directions and information concern-

ing medicines clearly to patients when starting treatment 

may enhance medication adherence in IRD patients.25,32,33 

Besides, we found that the two questions of missing dose 

and adjust dosage or stop taking the medicine without doc-

tor’s directions were prominent. Consequently, interventions 

such as medication reminders and regular follow-up target 

adherence must be tailored to the particular illness-related 

demands experienced by the patients.34–36 Disease therapies 

and personal demographic factors sometimes were difficult 

to change, but clinicians and pharmacists play a vitally 

important role in solving medication problems especially at 

the first time of taking rheumatic medication.32

The IRD patients with better adherence to medica-

tion showed better outcomes compared to those with 

poor adherence,34,36 which demonstrated that developing 
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nonadherence risk prediction tools might improve patient 

outcomes with individualized risk prediction and inter-

ventions. However, there is an effective nonadherence to 

medication risk prediction tools for patients with IRDs.9 We 

developed a valid nonadherence risk prediction tool, which 

assisted clinicians with early identification of patients at high 

risk of nonadherence to medication. In addition, it may serve 

as a users’ guide for the optimal selection of IRD patients 

in clinical research. For example, the developed nomogram 

will direct investigators to select reliable patients with good 

adherence to medication by conducting a clinical trial. We 

can also eliminate some patients with poor adherence when 

conducting retrospective study, resulting in a more reliable 

analysis. Moreover, early interventions such as using medi-

cation reminders, drug monitoring, and family support will 

benefit high nonadherence risk patients at the start of their 

treatment.35,37 Use of reminders as a low-cost aid to enhance 

adherences should be encouraged in high-risk nonadherent 

patients.37 Even some occupational therapy is also an accept-

able intervention to improve and adopt new medication 

management behaviors in patients.38

So accurate prognostic assessment will assist physicians 

with accessing medication nonadherence of patients and tak-

ing interventions in time, preventing testing in low-risk situa-

tions, and avoiding delays or discontinuity in treatment when 

there is a high probability of a favorable net benefit. Actually, 

predicting the nonadherence of individual patients is difficult 

and suitable measurement and multifaceted interventions 

may be the most effective answer toward unsatisfactory 

adherence.9 The limited number of publications assessing 

determinants of persistence with medication and lack of those 

providing determinants of adherence to short-term treatment 

identify areas for future research.8 Most importantly, access 

to medications is necessary but insufficient in itself for the 

successful treatment of disease.

Limitations
There are also several limitations of our current study. First, 

our acquired data collected between March and May might 

be a low representation of males and a part representation 

of IRD patients. The cohort was not representative of all 

Chinese patients with IRDs. Patients without access to treat-

ment were not included. Second, risk factor analysis did 

not include all potential factors that affected the medication 

adherence. Some possible aspects of nonadherence were not 

thoroughly informed such as the social support and other 

conditions. Third, although the robustness of our nomogram 

was examined extensively with internal validation using 

bootstrap testing, external validation could not be conducted 

and the generalizability was uncertain for other IRD popula-

tions in other regions and countries. It needs to be externally 

evaluated in wider IRD populations.

Conclusion
This study developed a novel nomogram with a relatively 

good accuracy to help clinicians access the risk of medication 

nonadherence in IRD patients when starting treatment. With 

an estimate of individual risk, clinicians and patients can take 

more necessary measures on life-style monitoring and medical 

interventions. This nomogram requires external validation, 

and further research is needed to determine whether individual 

interventions based on this nomogram will reduce medication 

nonadherence risk and improve treatment outcome.
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