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1 Abstract

2

3 Background: Malnutrition is under-diagnosed in primary care. General practitioners (GPs) are key 

4 healthcare contacts for older adults at risk of protein-energy malnutrition; however, lack of knowledge 

5 and confidence in its diagnosis and treatment is often reported. 

6

7 Aim: To evaluate the impact of a bespoke online education module on GP malnutrition knowledge 

8 and management.

9

10 Design and Setting: Six-week pre-post pilot study with 31 GPs in Ireland.

11

12 Methods: The module included units on: ‘malnutrition definition, prevalence and latest evidence’, 

13 ‘identifying malnutrition in clinical practice’, ‘food-first advice’, ‘reviewing malnutrition’ and ‘oral 

14 nutritional supplements’. Participant knowledge was measured using a multiple-choice questionnaire 

15 (MCQ) before and after the module (n=31), and 6-weeks following completion (n=11). Case studies 

16 assessing identification and management of malnutrition were evaluated by a clinical specialist 

17 dietitian with expertise in managing malnutrition. Changes in assessment performance were 

18 calculated using paired t-tests. Acceptability was evaluated using a questionnaire. 

19

20 Results: Post-training 97.5% of GPs increased MCQ scores from baseline (+25%, P<0.001), with the 

21 greatest improvement in ‘identifying malnutrition in clinical practice’ (+47%, P<0.001). Eleven GPs 

22 completed the 6-week MCQ with scores remaining significantly higher than baseline (+14%, P=0.005); 

23 ‘identifying malnutrition in clinical practice’ remained the most highly scored (+40%, P<0.001). 

24 Seventeen GPs completed the case studies; 85% at baseline and 94% post-module correctly calculated 

25 malnutrition risk scores. Appropriate malnutrition management improved by 33% after module 

26 completion. 

27

28 Conclusion: This e-learning module improved malnutrition knowledge, with good short-term 

29 retention in a small cohort. Development of online evidence-based nutrition education may improve 

30 GP nutrition care.

31

32

33 Keywords: 

34 malnutrition, continuing medical education, oral nutritional supplements, general practice

35

36

37 How this fits in:

38 General practitioners receive limited under- or postgraduate education on nutrition. An online e-

39 module on the identification and management of malnutrition was designed by dietitians, with the 

40 content guided by GP interviews and community-based healthcare professional focus groups. General 

41 practitioners who completed the e-module significantly improved their theoretical knowledge and 

42 skills in identifying and managing malnutrition. 

43

44

45

46

47

48

49



                               

                             

                     
50 Background
51 Risk of protein-energy malnutrition increases in older adults due to the physiological, functional, and 

52 psychosocial changes that occur with ageing (1). Global data indicate that between 5-10% of older 

53 adults living at home and 20% in residential care settings are at risk of protein-energy malnutrition 

54 (2,3). Older adults typically consult their general practitioner (GP) with concerns about weight loss or 

55 poor appetite (4,5); however, GPs may not routinely screen for or prioritise the management of 

56 malnutrition (6).  

57

58 Key aspects of best practice nutrition care to diagnose malnutrition are to screen patients for risk 

59 using a validated tool, then ensure treatment, if required, is initiated and monitored (7). Lack of 

60 nutrition training and time constraints have been widely reported as major barriers to the 

61 identification of malnutrition amongst healthcare professionals (HCPs) (5,8–10). In previous research, 

62 HCPs have reported that they struggled to identify malnutrition, did not feel sufficiently skilled to carry 

63 out nutritional assessment, or organise nutrition care (11,12). Similar findings were reported amongst 

64 Irish GPs, who reported a lack of knowledge and confidence to identify and treat malnutrition (6).  

65

66 HCPs acknowledge the importance of nutrition and the inadequacy of nutritional training (11,13). A 

67 previous dietetic-led education programme for HCPs in primary care reported improved malnutrition 

68 screening, first-line dietary advice, and referral to dietetic services one year after the intervention 

69 (14). Preference towards the availability of online rather than face-to-face education/training has 

70 been expressed by Irish GPs (15). There is a need, therefore, to improve accessibility to evidence-

71 based nutrition education material online (16).

72

73 Using existing literature (17) and informed by data from interviews and focus groups with GPs, HCPs, 

74 and patients with malnutrition (5,6,18,19), an online e-learning module was developed. This module 

75 focused on the identification and management of malnutrition in the community/primary care setting 

76 aimed at GPs and GP trainees and applied principles of instructional design to enhance online learning 

77 experience. The aim was to evaluate the effectiveness of the module in improving GP knowledge, 

78 reported practice, and decision-making around malnutrition identification and management.

79

80 Methods
81

82 Setting and Participants

83 This was a prospective pre-post pilot study with a convenience sample of 31 GPs and GP trainees in 

84 the Republic of Ireland conducted August-October 2020. GPs were recruited via social media, and 

85 professional and university networks. Participants did not receive financial reimbursement for 

86 participating in the project; however, the module was eligible for continuing professional 

87 development (CPD) credits and participants were entered into a draw to win a €150 gift  voucher. 

88 More information on recruitment of GPs and healthcare professionals into this project (ONSPres) has 

89 been published (20). Ethical Approval was received from the University College Dublin Human 

90 Research Ethics Committee (LS-18-50-Corish), and from the Irish College of General Practitioners 

91 (ICGP). 

92

93 e-Learning Module Development and Content

94 The module content was developed by a multi-disciplinary collaborative led by research dietitians and 

95 informed by qualitative interviews and focus groups with GPs and HCPs (5,6,15). GPs expressed a 

96 preference for online malnutrition education due to their busy work schedules (6,15). They and 

97 community pharmacists also suggested that continuing professional development (CPD) points on 

98 completion of the programme would incentivise engagement and that the programme should contain 

99 downloadable and printable low-literacy patient information, the content should be clearly displayed 

100 using flowcharts or algorithms, and it should include an online quiz and case studies (5,6). Specific 

101 content preference themes requested by GPs included guidance on available oral nutritional 



                               

                             

                     
102 supplements (ONS) and the differences between them, how to discontinue, change, and review ONS, 

103 dietary/food-first advice, ONS for specific diseases and appropriate ONS use. All healthcare 

104 professions expressed the need for a care pathway for malnutrition, including a referral process to 

105 community dietitians and patient information leaflets (5). All groups also reported needing 

106 information on the types of ONS available and the differences between products. 

107 Instructional designers adapted Gagné’s Principles (Events) of Instructional Design to motivate and 

108 engage the audience by gaining attention via the programme’s style and imagery, stimulating 

109 recall/prior learning by building on the GPs’ existing knowledge, providing learner guidance, and by 

110 assessing performance via knowledge checks and quizzes. The content design included authentic 

111 learning “tasks” to enable course participants to make connections to real-life issues and their 

112 experiences (21). They also used realistic oral nutritional supplement (ONS)-related “activities” (22) 

113 which are designed to help GPs practise skills in situations similar to those where the skills will be used 

114 via scenarios, cases, or problem-based interactions. ONS-related tasks and activities were based on 

115 the outputs from the semi-structured interviews and focus groups (15), and in collaboration with the 

116 programme’s subject matter experts and training content developers. The e-module content, 

117 assessments, and satisfaction survey were reviewed by the GPs on the research group (GB and CP), by 

118 two of the original GP interviewees and by the GP representative at the Irish Health Service Executive 

119 (DH), also a member of the research group. 

120 The module covered units on the following topics: ‘protein-energy malnutrition definition, prevalence 

121 and latest evidence’, ‘identifying malnutrition in clinical practice’, ‘food-first advice’, ‘reviewing 

122 malnutrition’ and ‘oral nutritional supplements’ and took approximately 2 hours to work through. GPs 

123 had unlimited access to the module to enable them to complete it in their own time. Module structure 

124 is described in Figure 1. 

125

126

127

128 Figure 1: Malnutrition management e-learning module overview

129

130 The assessment included a 20-item, evenly weighted, multiple-choice questionnaire (MCQ) 

131 (Supplementary Table S1) and two patient case studies (Supplementary Figure S1) developed by the 



                               

                             

                     
132 research team. After completing the training, GPs were invited to immediately repeat the 

133 assessments, and again 6 weeks later. 

134

135 Outcomes

136 Baseline, post-completion, and follow-up MCQ scores were compared to assess changes in 

137 knowledge. The MCQ is provided in Supplementary Table 1. The two patient case studies consisted of 

138 9 questions each; calculation of body mass index (BMI; kg/m²), weight loss %, malnutrition screening 

139 tool (Malnutrition Universal Screening Tool: MUST) score was required. Participants had to decide if 

140 the patient was malnourished or at risk of malnutrition, list appropriate malnutrition screening tools, 

141 and explain their approach to treatment and follow-up. Participant answers were compared to an 

142 ‘optimum’ answer for each case study that was developed by a registered clinical specialist dietitian 

143 with expertise in the management of malnutrition. GP explanations for their approach to treatment 

144 and follow-up were also evaluated. The most frequent aspects of patient management within the GP 

145 answers were also summarised. Acceptability of the module was evaluated through evaluation 

146 questionnaires with participants, using both closed and open questions.

147

148 Statistical Analysis

149 Statistical analysis was carried out using SPSS (Statistical Package for the Social Sciences) software 

150 version 26.0 (IBM, Armonk, NY, USA). Descriptive statistics, including mean, median, and frequencies, 

151 were generated as appropriate. Differences in knowledge between qualified GPs and GP trainees were 

152 investigated to explore whether experience level may influence knowledge. This was evaluated pre-

153 completion, post-completion, and at follow-up using independent samples t-tests. Changes in overall 

154 and module-specific knowledge were assessed using paired samples t-tests. The level of significance 

155 was set at P<0.05. 

156

157 Results
158 Thirty-one (23 qualified and 8 GP trainees) GPs completed the module and the MCQ assessment with 

159 17 also completing the case studies. A sub-sample of 11 GPs (8 GPs, 3 GP trainees) completed the 6-

160 week follow-up MCQ, on average 8.8 weeks after module completion (SD: 17.9, Range 5.1-12.3 

161 weeks). Mean baseline MCQ score was 63.1% (SD 10.62%). GPs had a mean score of 65.2% (SD 8.98%) 

162 and trainees had a mean score of 56.9% (SD 13.08%), P=0.054. 

163

164 MCQ scores significantly increased post-module with a mean score of 87.7% (SD 11.82%), and a mean 

165 increase of 24.7% (95% CI: 20.14, 29.22, P<0.001). GP trainees had a greater improvement in MCQ 

166 score compared to qualified GPs (33.8% improvement, SD:10.61% vs 21.5% SD:11.52%, P=0.013). 

167 Mean scores for each MCQ question at baseline and post-module are detailed in Table S1. At baseline, 

168 just one GP was able to correctly identify the most appropriate tool to screen for malnutrition; all 31 

169 GPs were able to do so after completing the module (Table S1). Before module completion, six GPs 

170 knew the most common manifestation of malnutrition. This increased to 26 GPs post-completion 

171 (Table S1). The biggest improvement in MCQ score across the units was in ‘Identifying Malnutrition in 

172 Clinical Practice’. At baseline, the mean score in this unit was 37.4%, which increased to 84.5% post-

173 module. Figure 2 outlines changes in MCQ unit scores from before to having completed the e-learning 

174 module. 



                               

                             

                     

175

176 Figure 2: Mean GP MCQ score (n=31) across module units at baseline (pre-module) and immediately 

177 post-completion of malnutrition e-learning module

178

179 The mean GP 6-week follow-up MCQ score was 81.9% (SD: 14.13), which remained significantly 

180 increased from baseline (mean increase 15.0%, SD. 13.23, 95% CI 5.26, 22,01; P=0.005). However, 

181 overall score in the follow-up MCQ had reduced from the scores achieved immediately post-module 

182 (mean decrease 10.0%, SD 13.96, 95% CI 4.21, 19.38; P=0.039). Scores decreased for ‘malnutrition 

183 definition, prevalence and latest evidence’ module (-11%) and ‘identifying malnutrition in clinical 

184 practice’ module (-13%) but did not revert to baseline. Scores for ‘reviewing malnutrition’ (-11%) and 

185 ‘oral nutritional supplements’ (-21%) at the 6-week follow-up were lower than baseline scores for the 

186 11 participants. The score for ‘food-first advice’ module further increased (mean +9%) from post-

187 module to the 6-week follow-up.

188

189 Case Studies

190 Seventeen GPs completed two patient case studies which were presented before and after 

191 completion of the e-learning module. Case Study 1 presented a patient at risk of malnutrition while 

192 Case Study 2 was a more severe case of malnutrition (Figure S1). BMI and weight loss were calculated 

193 correctly at baseline and post-completion of the training. Correct calculation of MUST score for Case 

194 Study 1 increased from 94% of GPs at baseline to 100% post module and for Case Study 2, from 76% 

195 to 88%. Only 59% of GPs were able to identify another appropriate screening tool at baseline; this 

196 increased to 94% post-module, with the ‘DETERMINE your Nutritional Health’ being the most 

197 frequently suggested alternative on both occasions. 

198

199 Clinical Specialist Dietitian Review of Case Studies

200 The proportion of GPs who included all key components required to manage malnutrition in Case 

201 Study 1 increased from 71% (12/17) at baseline to 82% (14/17) post-completion and for Case Study 2, 

202 from 6% (1/17) at baseline to 59% (9/17) post-completion. GPs had good awareness of appropriate 

203 follow-up times with the correct time frame being identified by all GPs for the patient in Case Study 

204 1. For Case Study 2, 88% (15/17) of GPs gave the correct time frame pre-completion, which increased 

205 to 100% of GPs post-module completion. 

206



                               

                             

                     
207 For Case Study 1, provision of dietary advice was the most frequently reported approach to treatment 

208 both at baseline and post-module completion. Most GPs would recheck weight or BMI at the follow-

209 up appointment, and 65% (11/17) stated that they would question the patient about their diet. For 

210 patients no longer at risk of malnutrition, at baseline, 41% (7/17) of GPs stated that they would 

211 reinforce dietary intake in their treatment plans. This increased to 76% (13/17) of GPs reporting this 

212 approach post-module. 

213

214 For Case Study 2, more GPs included dietary advice, ONS prescription, and referral to a dietitian in 

215 their patient management approach following completion of the e-learning module. Most identified 

216 the need to check weight/BMI, review diet, and rescreen at a follow-up appointment. If risk of 

217 malnutrition was no longer evident at the follow-up appointment, 65% (11/17) of GPs stated they 

218 would reinforce dietary advice having completed the module, compared to only 29% (5/17) stating 

219 this at the baseline assessment. While previously no GPs reported that they would review malnutrition 

220 risk at every subsequent appointment, 35% (6/17) stated they would re-screen for risk at subsequent 

221 appointments after completing the e-learning module. 

222

223 Acceptability

224 Completing the e-learning module required approximately 2 hours. Twenty-five participants 

225 completed an evaluation questionnaire. Twenty found the time required ‘about right’, three found it 

226 too long (with one reportedly spending 3.5 hours), and two were unsure. Comments on time 

227 investment varied with one participant recommending more time dedicated to “prescribing different 

228 types of ONS e.g., how to select which protein content” and another recommending information to 

229 be “relayed in less than 1 hour total”. The most useful aspect was how to diagnose malnutrition, 

230 followed by food-first advice, signposts to available online resources, and information about ONS. The 

231 least useful aspects were calculating BMI and repeating MCQs. The online format worked and was 

232 considered “user friendly” and “excellent in parts…”, with mixed views from a minority on the 

233 interactive nature whereby some explicitly liked or disliked clicking through extra links or boxes to 

234 follow learning.

235

236 Discussion

237 Summary 

238 In this relatively small pilot study, 31 GPs and GP trainees undertook a continuing medical education 

239 (CME) e-learning module online on the topic of identification and management of protein-energy 

240 malnutrition. The analysis of baseline and post-module completion assessments indicated an 

241 improvement in GP knowledge and theoretical management of malnutrition in primary care in this 

242 cohort. While baseline scores in the treatment section of the MCQ were not very low, potentially due 

243 to GPs’ experience with patients coming from hospital settings, key improvements were made around 

244 identifying malnutrition. In the smaller group that completed the 6-week follow up assessments, 

245 improvement in knowledge was retained for most elements, although some reductions from 

246 immediately post-module were noted. The e-learning module design was acceptable to GP 

247 participants, who reported finding the module useful, particularly highlighting important aspects of 

248 the content being the information on screening tools and risk identification. They found the case 

249 studies realistic and helpful and liked the additional resources that were linked in the units. Eighty 

250 percent reported it being a suitable length.

251

252 Comparison with Existing Literature

253 CME is essential for GPs to keep abreast of developments in evidence-based medicine and healthcare. 

254 CME delivered online offers many advantages to HCPs in primary care, including timely access, 

255 temporal and geographic flexibility, reduced cost, convenience, and options to revisit learning 

256 resources (23–25). Demand has, and continues to increase particularly during the COVID-19 

257 pandemic. Evidence suggests that learning outcomes for online CME are equivalent to live CME, 



                               

                             

                     
258 delivering the same quality content (23,26). As online platforms develop, there are more opportunities 

259 for the use of interactive learning, for example, realistic clinical, patient-focused case studies that 

260 appeal to a range of learning styles. One of the strengths of this malnutrition e-learning module 

261 reported by GPs was the inclusion of case studies that represent different levels of malnutrition risk 

262 that they often encounter in primary care. This also allowed for the evaluation of improved application 

263 of knowledge in patient management. CME that combines knowledge updates and interactive tasks 

264 is recognised as having the greatest impact on clinical performance (27).  

265

266 Many global studies highlight inadequate nutrition training among medical students and graduates 

267 (28,29). Given curricular time restraints within already packed medical education programmes, this 

268 study demonstrates that nutrition education needs can be met with online modules focused on clinical 

269 practice needs. Online training has been shown to be as effective or superior to in-person training for 

270 physicians (26). The need for GPs to identify and manage malnutrition is acknowledged due to the 

271 likelihood of them encountering high risk cases in practice (3,30). In addition, GPs in the Republic of 

272 Ireland, in common with GPs as in many countries, are the primary prescribers of ONS, designed for 

273 the treatment of malnutrition when a food-first approach alone has not worked (7,31). The demand 

274 for further education, either face-to-face or online, does exist and it is vital that it is well-designed and 

275 evaluated (25,29).

276

277 Strengths and Limitations

278 A major strength of this study is that the e-learning module content was based on a needs analysis 

279 conducted through interviews with GPs and HCPs, and that registered and clinical specialist dietitians 

280 were involved in the module design. The sample of 31 was considered adequate for this pilot study; 

281 however, the high attrition rate from post-module completion to follow-up assessment meant that 

282 the original cohort may not have been well represented, and follow-up findings need to be interpreted 

283 with caution. It also points to a challenge in evaluating long-term knowledge retention and integration 

284 of learning into practice. As this was a convenience sample of GPs who were able and willing to give 

285 their time to this research, selection bias cannot be ruled out and these GPs may not be representative 

286 of wider populations. Unfortunately, due to time restraints, demographic details were not collected 

287 from the GPs so representativeness of the cohort could not be investigated. Selection bias should also 

288 be considered with the reduced number of 25 GPs completing the acceptability questionnaire and 11 

289 GPs completing the 6-week follow-up MCQ. Follow up times for the 6-week MCQ varied from 5 to 12 

290 weeks post module so this variability should also be considered alongside the interpretation of the 

291 results. It must be acknowledged that GPs were recruited and completed the study during the COVID-

292 19 pandemic, at its height in Autumn 2020, and that this is likely to have influenced participation rates 

293 in the study.

294

295 Implications for Research and Practice

296 Improved knowledge about malnutrition screening tools, identification and management of 

297 malnutrition has important positive implications for public health and the nutritional care provided by 

298 GPs in primary care. Health-related quality of life among older adults can be improved and health and 

299 economic costs associated with malnutrition in primary care reduced (32). In addition, patient 

300 awareness of malnutrition risk from their GP may result in more timely care and improved shared 

301 decision-making  (33). The availability of the e-module is particularly timely with the current shift to 

302 remote modalities of CME. In addition to improving access, incorporation of CME into the workday or 

303 protected time needs to be considered to fully allow healthcare professionals to keep their knowledge 

304 updated. While this e-module focused on the identification and management of protein-energy 

305 malnutrition only, other related topics, such as obesity-malnutrition or paediatric malnutrition, also 

306 require further education and could perhaps be delivered in a similarly designed online module.

307

308 Future research should evaluate the e-module for learning and application to practice using a 

309 nationally representative, longitudinal study design. Information from the MCQ scores and case 



                               

                             

                     
310 studies, and feedback within the acceptability questionnaire were used to revise this e-module. A case 

311 study was included with an example of appropriate screening and treatment to clarify methods and 

312 some additional resources were added to aid long-term knowledge retention of information. The 

313 group plans to make the e-module more widely available and to evaluate interest and impact in a 

314 larger cohort. 

315

316 Conclusion

317 The malnutrition education e-module evaluated in this study is a realistic, clinically-focused, online 

318 CME that GPs can undertake that provided an opportunity for evidence-based professional 

319 development. The e-module addresses established GP learning needs in a small cohort which resulted 

320 in improved knowledge on the identification and management of malnutrition in primary care. Further 

321 research is needed to confirm these results in a powered, representative cohort, and to evaluate 

322 impact on clinical practice. 
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