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18 Background: Loneliness and social isolation have been linked to poor health outcomes and 
 

19 higher morbidity and mortality due to all causes, with an effect comparable with risk factors 
 

20 such as obesity and substance abuse. Older adults are more vulnerable to loneliness and social 
 

21 isolation due to the current lifestyle and morbidities associated with age. This systematic 
 

22 review aims to evaluate the influence of loneliness and social isolation of older adults in the 
 

23 health care utilization. 
 

24 Methods: Two databases, MEDLINE (PubMed) and Scopus, were searched for this 
 

25 investigation, alongside an individual search through relevant journals to the matter. A total of 
 

26 672 studies on loneliness or social isolation and health care ou primary care use published after 
 

27 2002 were found in the initial search, from which 34 studies were eligible for full-text 
 

28 assessment and 18 studies were included in the final review. 
 

29 Results: Almost all of the studies included had found an association between loneliness, social 
 

30 isolation or weak social relationships and poor health outcomes or increased frequency in 
 

31 health care use (16/18). The most common health care use outcome found was higher frequency 
 

32 of utilization associated with higher loneliness and poorer social relationships. An association 
 

33 between loneliness or social isolation and hospital admissions and longer hospital stays was 
 

34 also found. Higher mortality rates and multimorbidity were also associated with higher social 
 

35 isolation and loneliness, as well as a negative association between social isolation and health 
 

36 promoting behaviors. 
 

37 Conclusions: This systematic review shows that loneliness, social isolation and poor social 
 

38 networks are associated with increased GP, emergency department and specialist visits, as well 
 

39 as with prolonged hospital stays. 
 
 

40 Key words: Aged, Loneliness, Social Isolation, Primary Care Use, Health Care Use 
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42 Loneliness and social isolation have increasingly recognized health consequences, with 
 

43 significant physical and mental health effects [1]. Among those consequences are higher 
 

44 morbidity and higher mortality, as loneliness and social isolation have been shown to be risk 
 

45 factors comparable with smoking, alcohol abuse and obesity [2]. Those suffering from social 
 

46 isolation have less infection resistance, are at a bigger risk for depression and cognitive decline 
 

47 and have increased emergency care admissions [3]. The concern about social relationships of 
 

48 older adults, not only regarding the quantity of social relationships an individual might have 
 

49 but also the quality of those relationships, has been growing [4] as older people are more likely 
 

50 to feel alone and be socially isolated, given the current lifestyle and social demands that hinder 
 

51 cohabitation with their children or other family members, alongside with the loss of loved ones, 
 

52 the decreasing in health, mobility and independence, and therefore the increasing need for 
 

53 institutionalization in nursing homes. Projects and campaigns have been rising across all 
 

54 Europe, such as the European based “Long Live the Elderly!” (to counteract social isolation) 
 

55 and “MOAI LABS” (to combat isolation and loneliness), both focused on the elderly, and the 
 

56 country based “Campaign to End Loneliness” (aiming to combat loneliness of all the 
 

57 population of United Kingdom) and “Porta 55+” (Portugal based and aiming to combat 
 

58 loneliness among older adults). North america has also been seeing a raise in its campaigns for 
 

59 the same purposes, such as the “HelpAge” from Canada that aims to counteract the barriers 
 

60 imposed by social isolation among older adults, and “Coalition to End Social Isolation and 
 

61 Loneliness” from USA that combats social isolation and loneliness and their adverse 
 

62 consequences. We tend to think of the terms loneliness and social isolation as synonymous, 
 

63 and they are indeed often interrelated, but they are different terms and should be seen as such. 
 

64 The perception of loneliness can easily be answered by the general population, as we all know 
 

65 the distressing feeling of loneliness, yet it is more accurately defined as a subjective experience 
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66 of the discrepancy between the aimed social and affectionate relationships and the ones actually 
 

67 perceived by the individual. It also isn’t directly linked with being alone: we can both feel 
 

68 lonely when surrounded by people and be physically alone without feeling lonely 
 

69 [5]. Furthermore, the term social isolation should not be confused with loneliness, as the first 
 

70 is an objective and quantifiable measure of a social network's reduced size and the lack of social 
 

71 contact [6]. This topic becomes even more relevant after the measures of social distancing and 
 

72 lockdowns imposed worldwide to refrain viral transmission during Covid19 pandemic in the 
 

73 last three years. Reported loneliness has been shown to have had an overall increase with the 
 

74 pandemic measures, from a third of adults worldwide reporting loneliness pre-pandemic to 
 

75 around half of them reporting loneliness in 2020, still almost in the beginning of it all [7]. 
 

76 During our search for studies in this theme, we found a systematic review with meta-analysis 
 

77 from 2021 that studied the relation between loneliness and the frequency of utilization of health 
 

78 care services, with the majority of their studies focusing on an older population [8]: but despite 
 

79 the similarities with our current study, we include more recent studies (their review included 
 

80 studies until 2019), we focus on both loneliness and social isolation and we did not restrict our 
 

81 health care use outcomes to the frequency of utilization. This systematic review aims to 
 

82 evaluate the influence of loneliness and social isolation among older adults in their health care 
 

83 utilization. 
 

 

84 2. Methods 
 

 

85 2.1. Protocol 
 

 

86 This systematic review was conducted following the guidelines from PRISMA for systematic 
 

87 reviews [9], thus making a systematic approach to structure the evidence on primary health 
 

88 care consumption by older adults affected by loneliness and social isolation. Its main objectives 
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89 were to approach the associations between loneliness and social isolation and the health care 
 

90 utilization among older adults. 
 

 

91 2.2. Eligibility criteria 
 

 

92 The studies included were all the found studies from the last ten years (between 2002 and 2022) 
 

93 that connected the keywords “loneliness” or “social isolation” with the keyword “aged” and 
 

94 with the keywords ‘“health care use'' or “primary care use”. For the studies to be included they 
 

95 should also have fulfilled the following: 
 

96 a. be written in Portuguese or English 
 

97 b. have guaranteed quality by peer-review and literature-index 
 

98 c. be focused on a population above 55 years old 
 

99 Studies without an abstract were excluded, as well as studies without an available full-text 
 

100 version. Any findings classified as guidelines, correspondence, communication, case report, 
 

101 erratum or protocol were excluded. 
 

 

102 2.3. Search strategy and information sources 
 

 

103 Two databases - MEDLINE (PubMed) and Scopus - were used for this investigation, alongside 
 

104 an individual search through relevant journals to the matter. The search in those databases used 
 

105 the queries “loneliness AND aged AND health care use”, “social isolation AND aged AND 
 

106 health care use”, “loneliness AND aged AND primary care use ” and “social isolation AND 
 

107 aged AND primary care use”. 
 

 

108 2.4. Study selection and risk of bias assessment 
 

 

109 Two researchers (M.M. and P.S.) independently performed the first screening, based on titles 
 

110 and abstracts, searching the above-mentioned databases for studies that met the inclusion and 
 

111 exclusion criteria, and any dead-lock was discussed until agreement. Duplicate articles were 
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112 identified and excluded using Endnote20. After cross checking the references individually 
 

113 found, a second screening took place, now with the articles with  an available full text, 
 

114 reapplying the eligibility criteria. To assess the risk of bias of the studies eligible for inclusion, 
 

115 we used the National Heart, Lung and Blood Institute’s (NHLBI) Study Quality Assessment 
 

116 Tools, as described in the Appendix (Tables 1 and 2), and all of the 18 included studies were 
 

117 screened for all of the quality assessment tools’ criteria, which were answered, as 
 

118 recommended, as Y (yes), N (no), CD (cannot determine), NA (not applicable) or NR (not 
 

119 reported), after what the studies were rated as good, fair or poor (Tables 3 and 4). 
 

 

120 2.5. Data extraction 
 

 

121 The data was extracted into a spreadsheet, created for better organization. The following data 
 

122 was extracted: 
 

123 a. article title 
 

124 b. first author’s name 
 

125 c. publication year 
 

126 d. country of origin 
 

127 e. study design 
 

128 f. sample type 
 

129 g. number of participants 
 

130 h. demographic data (age, sex) 
 

131 i. outcome of interest (association between loneliness or social isolation and health care 

outcomes) 
 

132 j. social isolation or loneliness measure 
 

133 k. health care use or primary care use measure 
 

134 l. key findings 
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135 3. Results 
 

 

136 Given the heterogeneity of study design, loneliness or social isolation measures, health care 
 

137 use or primary care use measures and outcome assessment, a meta-analytic approach was not 
 

138 attempted. Instead, a narrative synthesis was conducted. 
 

 

139 3.1. Study selection 
 

 

140 From the 672 studies found in the initial search, 34 studies met the inclusion criteria, from 
 

141 which 16 additional studies were excluded, 12 for not being related to the aim of this review, 
 

142 2 for the study design and 2 for impossibility of finding available full text (see Figure 1: Flow 
 

143 diagram of study selection process). Altogether, 18 studies [4, 8, 10-25] were included and all 
 

144 of them were rated as good in relation to the risk of bias assessment, as can be seen in the 
 

145 Appendix Tables 3 and 4. 
 

 

146 3.2. Study design 
 

 

147 From the eighteen studies included, eleven were cross sectional designed, three were 
 

148 longitudinal observational, one was retrospective observational, one was a systematic review 
 

149 and one was a systematic review with a meta-analysis (see Table 5: Study characteristics). 
 

 

150 3.3. Study characteristics 
 

 

151 Regarding the countries of origin, five were from Germany [10, 11, 12, 13], four from the 
 

152 United States of America [14, 15, 16, 17], three from the United Kingdom [4, 8, 18], two from 
 

153 Sweden [19, 20], one from Belgium [21], one from Greece [22], one from China [23], and two 
 

154 encompassed various countries: one was from seventeen european countries [24], and one from 
 

155 twenty countries in five continents [25]. 
 

156 Of the sixteen non-systematic review and non-meta analytic studies included, the majority of 
 

157 the sample type was representative population-based (11/16), from which four had a large 
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158 sample (more than 10 000 participants). Regarding the age of participants, most studies had a 
 

159 mean age above 60 years old, from which three studies had a mean age above 80 years old. 
 

160 Regarding to sex, almost all the studies had a majority of female participants (17/18), with five 
 

161 studies having consistently (between all study-defined subgroups) more than 60% female 
 

162 participants. 
 

 

163 3.4. Measuring tools 
 

 

164 Loneliness was assessed by itself in six studies, from which two [10, 13] used the short version 
 

165 (6-item) of the 11-item De Jong Gierveld Loneliness Scale [26], two [16, 24] used the 3-item 
 

166 short version of the loneliness scale developed by Hughes et al. in 2004 [27], one [20] used 
 

167 four single-item questions designed specifically for the study, and one [12] did not clarify the 
 

168 method used. 
 

169 Social isolation measurements without loneliness measurements were assessed by eight 
 

170 studies, from which two [11, 23] used the Lubben Social Network Scale-6 (LSNS-6) [28], one 
 

171 [14] used the Social isolation short form (PSI) of PROMIS (Patient-Reported Outcomes 
 

172 Measurement Information System) [29], one [25] constructed a social isolation scale with five 
 

173 items from the PURE baseline questionnaire [30], one [17] used the responses to the MTHA 
 

174 question “How often do you feel lonely or isolated from those around you?” and made three 
 

175 groups with the answers, and one [22] measured social isolation in accordance to the premise 
 

176 that “social isolation is an inadequate quality and quantity of social relations” [31] and used, 
 

177 for that, questions about marital status, children number, living arrangements and relations 
 

178 between the family. The other two approached the social component in means of social 
 

179 network: one [18] used a four-item Group Identification Scale to measure respondents level of 
 

180 identification with their family, their local community and their chosen group and one [15] 
 

181 asked respondents to give a list of five people they considered important to them and then asked 
 

182 about the frequency of interactions and health matters discussion with those people, and 
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183 accessed social support with the respondents perceived possibility to rely on family and friends 
 

184 for help and emotional support with the frequency respondents opened up to family and friends. 
 

185 Two studies measured both social isolation and loneliness: one measured loneliness with a 
 

186 single questions with responses divided in four categories and assessed the social component 
 

187 via social contacts (with four items about visits with friends and family) and social activity 
 

188 (with a list of eleven activities) [19] and one [21] applied the Frailty Assessment Instrument 
 

189 (CFAI) [33], using its social domain to assess social isolation and its psychological domain to 
 

190 assess loneliness. 
 

191 Referring to the health outcomes regarding health care use or primary care use, seven studies 
 

192 used only the frequency of service utilization, but with different measures. Two of those studies 
 

193 categorized individuals into frequent attenders or non-frequent attenders: one measured only 
 

194 self-reported GP consultations and considered frequent attendance if individuals had six or 
 

195 more consultations with GP in the previous three months [11] , and the other measured both 
 

196 self-reported GP and specialist visits and considered frequent attendance if individuals had 
 

197 more than six visits within a year [12]. Two of those studies divided frequency in categories: 
 

198 one divided frequency in six categories, using the self-reported frequency of consultations via 
 

199 online platforms [13], and the other one divided health care use in outpatient (with self-reported 
 

200 number of GP and specialist visits divided in six categories) and inpatient treatment (with self- 
 

201 reported number of hospital stays divided in two categories) [10]. Furthermore, three of those 
 

202 studies used frequency of attendance with the total number of visits: one of them used the 
 

203 patient records to find the total number of patient visits to the primary care clinic in the previous 
 

204 six months [18] , one assessed self-reported number of hospitalizations and number of 
 

205 consultations with a medical doctor [16] and one used medical records to assess the number of 
 

206 hospital admissions and emergency department visits during 12 months [17]. 
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207 One study used both frequency of utilization and length of stay: this study used two databases 
 

208 to access registers from the previous 12 months, and divided the data in inpatient care (with 
 

209 number of visits and length of stay for both acute and planned care) and outpatient care (number 
 

210 of visits to a doctor or to an emergency department, and if it lead or not to an hospital 
 

211 admission) [20]. 
 

212 Eight studies did not approach health care use or primary care use by frequency of attendance, 
 

213 three of which still considering service use as GP, specialist or hospital visits: one studied 
 

214 whether participants have had a planed or an unplanned hospital admission using the nacional 
 

215 medical register [19], another one used self-reported responses to a twelve-item questionnaire 
 

216 (referring to GPs recommendations, if there was a dentist visit in the last year, immunizations 
 

217 and screenings) and created a 0-100 scale with those responses [22], and one measured 
 

218 whether the individuals had a fallow-up visit with a general practitioner within 7 days and 30 
 

219 days after an emergency department visit [14]. The other five had different kinds of health 
 

220 consumption measures: one measured mortality (divided in all-cause, cardiovascular and non- 
 

221 cardiovascular) and the incidence of the study selected diseases [25], one studied the 
 

222 multimorbidity (two or more) of the individuals by the self-reported diseases of a previously 
 

223 defined list of 13 diseases [24], one used self-reported need of assistance in seven categories 
 

224 of care used (four of them for informal care, like from family and friends, and the other three 
 

225 for formal care, including GP, home nursing and formal home assistance) [21], one [23] 
 

226 measured self-reported health promoting behaviors endorsed by the individuals, using the 
 

227 Health-Promoting Lifestyle Profile II (HPLP-II) scale, developed by Susan Noble Walker [33] 
 

228 (regarding to behaviors like physical activity, nutrition or stress management) and one [15] 
 

229 approached the health variable with self-reported measures, as well as biological measures, to 
 

230 assess diagnosis of hypertension and its control. 
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231 The systematic review [4] and the meta-analysis [8] have not yet been mentioned in these 
 

232 results because of the big differences in study design compared to the aforementioned. The 
 

233 systematic review [4] included 126 studies, with one of the exclusion criteria excluding studies 
 

234 with a mean age younger than 60 years, but did not mention female to male rates in the studies 
 

235 included. The meta-analysis [8] included 25 studies, from which the majority had a mean age 
 

236 above 60 years old (15/25) and had a percentage of female participants over 50% (21/25). 
 

 

237 3.5. Study outcomes 
 

 

238 Referring to the findings of the studies included in the current systematic review, almost all of 
 

239 them (16/18) found an association between loneliness, social isolation or weak social 
 

240 relationships and poor health outcomes or increased frequency in health care use. 
 

241 One study found a significant positive association between social isolation and higher 
 

242 frequency in health care services attendance [11], four studies found a significant positive 
 

243 association between loneliness and higher frequency in health care attendance [8, 13, 16, 20] 
 

244 and one study found a significative positive association between larger social networks and 
 

245 social connectedness and reduced frequency of health care attendance [18]. Two studies found 
 

246 an association between social isolation or lower levels of social interaction and the number of 
 

247 hospital admissions [17, 19] and one found an association between smaller social networks and 
 

248 longer hospital stays [4]. 
 

249 One study found a significant association between social isolation and higher mortality rates 
 

250 [25] and one found a significant association between higher loneliness and multimorbidity 
 

252 [24]. 
 

253 One study found a significant negative association between social isolation and health 
 

254 promoting behaviors within older adults with multimorbidity (no association was found for the 
 

255 healthy older adults) [23] and two studies found that the more social isolated individuals had 
 

256 less health care service utilization [14, 22], one of which found that highly social isolated 
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257 patients had significantly less follow-up within the 7-day after emergency department 
 

258 discharge (but no difference was found in a 30-day follow-up) [14] and the other found that 
 

259 patients with high social isolation pursued less preventive health care services [22]. 
 

260 One study found that the groups of individuals with higher assistance needs were more lonely 
 

261 and socially isolated [21] and one study found that the larger the social networks and frequency 
 

262 of interactions, the lower the risks of undiagnosed and uncontrolled hypertension [15]. Two 
 

263 studies did not find an association between loneliness and the utilization of health care services 
 

264 [10, 12]. 
 

 

265 3.6. Other Findings 
 

 

266 Regarding findings of the included studies beyond the linking between loneliness and social 
 

267 isolation and the utilization of health care services, one study identified that individuals with 
 

268 more chronic diseases and worries about the financial situation were at an increased risk of 
 

269 being a frequent attender of health services, while individuals with depression were less 
 

270 frequent attenders [11]. Although, one study found that individuals with depressive symptoms 
 

271 were more likely to have a follow-up within 7 days after ED discharge [14]. Another one found 
 

272 an association between low self-esteem and greater GP visits, as well as between greater 
 

273 optimism and less health care use [10]. An association between unemployment and increased 
 

274 frequency GP visits was also found [12]. Living with a partner in the same household was also 
 

275 linked with more health care consumption [13]. One study found that being male was 
 

276 associated with unplanned hospital admissions, and that both higher age and having a higher 
 

277 number of diseases was associated with both planned and unplanned hospital admissions. [19]. 
 

 

278 4. Discussion 
 

 

279 Through the review, we became more aware of the disparities of approaches to social isolation 
 

280 and loneliness, and the difficulty in finding a unique measure that could serve as a good 
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281 approach of health care and primary care utilization without being too restrictive. A more 
 

282 uniform approach to these subjects might be good for further investigation, as it might bring a 
 

283 better understanding on the matter. 
 

284 Despite all the differences found between studies in the definition and quantification of 
 

285 loneliness and social isolation, in the methods used for its assessment, in the health outcomes 
 

286 used to assess health care utilization and the way of getting the information needed, there is 
 

287 still strong evidence that loneliness, social isolation and poor social network have an important 
 

288 role in the frequency of health care utilization, in poor health outcomes, like multimorbidity 
 

289 and mortality, and in lower health promoting behaviors, which goes in accordance to the 
 

290 existing literature [4, 8, 11, 13, 14, 16, 17, 18, 19, 20, 22, 23, 24, 25]. 
 

291 We looked at the rate of female participants, as it was above 50% in almost every study 
 

292 included - with the exception of one [13], that was still very close to 50% - and came up to 
 

293 above 60% in 5 of them. This made us think that either the participants' recruiting methods - 
 

294 most of them relying on the answers of questionnaires - ended up recruiting more female 
 

295 participants, as they might be more prone to complete the questionnaires, or women might be 
 

296 more affected by social isolation and loneliness. In fact, one study admitted that, along with 
 

297 other studies with the similar recruiting methods, their sample might have underrepresented 
 

298 people who have lower primary care attendance and over-represent middle-aged women [18], 
 

299 as another one admitted that women were more likely to answer the questionnaires [10] and 
 

300 one found a highest prevalence of multimorbidity among women [24]. That being said, it was 
 

301 found that women were more prone to social isolation [25] and that the association between 
 

302 loneliness and the use of primary care services was stronger within female participants [8]. In 
 

303 the studies where the percentage of female participants was assessed between different groups, 
 

304 the groups with highest loneliness had a higher percentage of female participants than the less 
 

305 lonely groups [16] and the same happened to social isolation, as the groups with higher social 
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306 isolation had a bigger percentage of females than the groups with lower social isolation [25]. 
 

307 But from the studies with more than 60% female participants, one did not find an association 
 

308 between gender and the frequency of health care use [11] and one even found that being male 
 

309 was associated with unplanned hospital admissions [19]. As it can be seen, whether women 
 

310 have highest rates of loneliness and social isolation and the possible reasons and implications 
 

311 should be a subject of interest for future research on loneliness and social isolation. 
 

312 We are aware that the increase in the health care utilization might be due to other health factors 
 

313 that simultaneously cause the individuals to be more lonely and socially isolated, like for 
 

314 example patients suffering from hearing loss. One of the studies addressed this link between 
 

315 morbidity and loneliness, and the morbidity itself as the possible explanation for increased GP 
 

316 visits, but after controlling for illnesses and a subjective health measure, loneliness was still 
 

317 significantly associated with doctor visits, suggesting that the link between loneliness and 
 

318 health care use isn’t explained by the subjacent health conditions [16]. Cayenne et al. offered 
 

319 a plausible explanation for the increased visits to a health care provider from people suffering 
 

320 from social isolation and loneliness, as the appointment can be an opportunity for the individual 
 

321 to have some social connection [14]. 
 

322 We also looked at depression and its implications to the subject, as loneliness and social 
 

323 isolation may be associated with depressive symptoms and vice versa. One study found that 
 

324 individuals with depressive symptoms were less likely to be frequent health services attendants 
 

325 [11], but another one found that individuals with depressive symptoms were more likely to 
 

326 have a follow-up within 7 days after ED discharge [14]. An association between low self- 
 

327 esteem and greater GP visits was also found [10], as well as unemployment and increased 
 

328 frequency of GP visits. These findings contradict themselves and show that depressive 
 

329 symptoms may have different health service utilization outcomes, and the reasons behind one 
 

330 or another should be subject of further investigation. As Cayenne et al. said, “both depression 
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331 and comorbidities have potential to contribute to and/or be the result of social isolation” [14]. 
 

332 This shows that loneliness should not be looked at by itself, but rather in a comprehensive way 
 

333 with a range of psychological and mental health factors, which might be good to take in 
 

334 consideration in future research on the matter. 
 

335 It was surprising to find a correlation between life satisfaction and higher health care 
 

336 consumption [13], as it seems to be in contradiction to the idea that loneliness and social 
 

337 isolation are related to increased health care use. However, that same study said, this may be 
 

338 explained by the bigger value an individual sees in their life, the life they are satisfied with, 
 

339 which leads to a greater pursuit for preventive health care services [13]. This goes accordingly 
 

340 with the finding from one study that social isolation was negatively associated with health- 
 

341 promoting habits [23]. This last study also addressed the connection between a larger network 
 

342 and more social interactions with a better health status, giving the “sense of obligation” to 
 

343 maintain a good health as a possible explanation [23], which is in accordance with the finding 
 

344 that older adults with a higher frequency of social interactions and emotional support have a 
 

345 lower probability of having undiagnosed hypertension [15]. 
 

346 We also looked at self-reported data, especially concerning health care use, as it might not be 
 

347 a good way to access this information because of the possible under or overestimation the 
 

348 individuals can incur in. Despite that, it still seems to be the most feasible way to do it, as the 
 

349 studies that relied on health registers might have missed other health services used by the 
 

350 participants outside the clinics or health services checked. 
 

351 About Covid19, various of the included studies were conducted after the pandemic outburst, 
 

352 but only one mentioned it as a factor for their outcomes and found no association between 
 

353 Covid19 related factors and the frequency of online consultations [13]. 
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354 We are not aware of other recent studies that focus on an older population (above 55 years old) 
 

355 to find the connections between both social isolation and loneliness with various measures of 
 

356 health care utilization such as the present one. 
 

357 With regard to limitations, we could find several to this systematic review: only two databases 
 

358 were searched, and few articles found that met the inclusion criteria, there was heterogeneity 
 

359 in study design, study population, and even more in the measurements of loneliness and social 
 

360 isolation, as well as the health service use outcomes were very distinct from each other. If there 
 

361 were any biases in the included studies, the compilation of their information could enhance 
 

362 those biases. Finally, there can’t be excluded the possibility of confounding because of 
 

363 common causes that may have not been measured, as well as the possibility of reverse 
 

364 association, as aforementioned. 
 

 

365 5. Conclusions 
 

 

366 This systematic review goes in line with existing literature in showing that loneliness, social 
 

367 isolation and poor social networks are associated with increased GP, ED and specialist visits, 
 

368 and with prolonged hospital stays, as well as with poor health outcomes. There is the need for 
 

369 further investigation to find a trustworthy universal tool of measurement of social isolation and 
 

370 loneliness, to look at them with a more integrative and comprehensive view with psychological 
 

371 and mental health issues and to assess in to what extent do the health outcomes of this review 
 

372 influence themselves the highest rates of loneliness and social isolation. 
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488 Figure 1 

489 
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490 Table 1. Quality Assessment of Observational Cohort and Cross-Sectional Studies 
 

1. Was the research question or objective in this paper clearly stated? 

2. Was the study population clearly specified and defined? 

3. Was the participation rate of eligible persons at least 50%? 

4. Were all the subjects selected or recruited from the same or similar populations 

(including the same time period)? Were inclusion and exclusion criteria for being in the 

study prespecified and applied uniformly to all participants? 

5. Was a sample size justification, power description, or variance and effect estimates 

provided? 

6. For the analyses in this paper, were the exposure(s) of interest measured prior to the 

outcome(s) being measured? 

7. Was the timeframe sufficient so that one could reasonably expect to see an association 

between exposure and outcome if it existed? 

8. For exposures that can vary in amount or level, did the study examine different levels of 

the exposure as related to the outcome (e.g., categories of exposure, or exposure measured 

as continuous variable)? 

9. Were the exposure measures (independent variables) clearly defined, valid, reliable, and 

implemented consistently across all study participants? 

10. Was the exposure(s) assessed more than once over time? 

11. Were the outcome measures (dependent variables) clearly defined, valid, reliable, and 

implemented consistently across all study participants? 

12. Were the outcome assessors blinded to the exposure status of participants? 

13. Was loss to follow-up after baseline 20% or less? 

14. Were key potential confounding variables measured and adjusted statistically for their 

impact on the relationship between exposure(s) and outcome(s)? 
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491 Table 2. Quality Assessment of Systematic Reviews and Meta-Analyses 

492 
 

1. Is the review based on a focused question that is adequately formulated and described? 

2. Were eligibility criteria for included and excluded studies predefined and specified? 

3. Did the literature search strategy use a comprehensive, systematic approach? 

4. Were titles, abstracts, and full-text articles dually and independently reviewed for 

inclusion and exclusion to minimize bias? 

5. Was the quality of each included study rated independently by two or more reviewers 

using a standard method to appraise its internal validity? 

6. Were the included studies listed along with important characteristics and results of each 

study? 

7. Was publication bias assessed? 

8. Was heterogeneity assessed? (This question applies only to meta-analyses.) 



493 Table 3. Quality Assessment Tool for Observational Cohort and Cross-Sectional Studies 

494 
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 Quality Rating 

[10] Y Y Y Y NR Y Y Y Y Y Y N N Y Good 

[11] Y Y Y Y NR N N Y Y NA Y N Y Y Good 

[12] Y Y Y Y NR Y Y Y Y Y Y N Y Y Good 

[13] Y Y Y Y NR N N Y Y NA Y N Y Y Good 

[14] Y Y NR Y NR Y Y Y Y NA Y N Y Y Good 

[15] Y Y Y Y NR N N Y Y NA Y N Y Y Good 

[16] Y Y Y Y NR N N NA Y NA Y N Y Y Good 

[17] Y Y Y Y NR Y Y Y Y Y Y Y Y Y Good 

[18] Y Y Y Y NR N N Y Y NA Y N Y Y Good 

[19] Y Y Y Y NR Y Y Y Y Y Y N Y Y Good 

[20] Y Y Y Y NR N N Y Y NA Y N Y Y Good 

[21] Y Y Y Y NR N N Y Y NA Y N Y Y Good 

[22] Y Y Y Y NR N N Y Y NA Y N Y Y Good 

[23] Y Y Y Y NR N N Y Y NA Y N Y Y Good 

[24] Y Y Y Y NR N N Y Y NA Y N Y Y Good 

[25] Y Y Y Y NR Y Y Y Y Y Y N Y Y Good 



495 Table 4. Quality Assessment Tool for Systematic Reviews and Meta-Analyses 

496 
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 1 2 3 4 5 6 7 8 Quality Rating 

[4] Y Y Y Y Y N Y NA Good 

[8] Y Y Y Y Y Y Y Y Good 
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497 Table 5. Study Characteristics 
 

Study 

Authors; 

Year 

 
Article Title 

 
Country 

 
Study design 

 
Sample type 

 
Number of 

participants 

 
Age 

 
Sex (female 

percentage) 

 
Outcome of 

interest 

Social Isolation 

Measure or 

Loneliness 

Measure 

Health care use 

measure or 

Primary care use 

measure 

 
Key findings 

 

 

 

 

 

Bock et 

al.; 2018 

 

 
 

The 

Longitudinal 

Association 

between 

Psychological 

Factors and 

Health Care 

Use 

 

 

 

 

 

 
Germany 

 

 

 

 

 

Longitudinal 

observational 

 

 

 

 

Representative 

population-based 

sample of adults, 
≥40 years 

 

 

 

 

 

 
n = 2302 

 

 
 

Mean age GP 

visits group: 

63.1; 

Specialist 

visits group: 

63.5 ; 

hospitalizatio 

n group: 65.2 

 

 
 

GP visits 

group: 51.2% 

; Specialist 

visits group: 

49.9%; 

hospitalizatio 

n group: 

54.1% 

 

 

 

 
Association 

between 

psychological 

factors and 

health care use. 

 

 

 
Loneliness, 

measured via 

short version of 

the 11-item De 

Jong Gierveld 

Loneliness 

Scale 

Self reported 

frequency of 

health care use, 

divided in 

outpatient 

treatment 

(frequency of GP 

and specialist 

visits, divided in 6 

categories) and 

inpatient treatment 

(hospital stays, 

devided in 12 

categories) 

 

 

 

 

A correlation between 

loneliness and GP visits, 

specialist visits or 

hospitalization was not found. 

 

 

 

Buczak- 

Stec et al.; 

2020 

 
Frequent 

attendance in 

primary care in 

the oldest old: 

evidence 

from the 

AgeCoDe‐ 

AgeQualiDe 

study 

 

 

 

 

Germany 

 

 

 

 

Cross-sectional 

 

 

 

Sample of oldest 

old primary care 

patients, ≥ 85 years 

 

 

 

 

n = 861 

 

 

 

 
Mean age 

89.0 years 

 

 

 

 

67.59% 

 
 

Characteristics 

of frequent 

attendance 

among 

individuals aged 

85 years or 

older. 

 

 
Social isolation, 

quantified with 

the 6-item version 

of the Lubben 

Social Network 

Scale (LSNS-6) 

Self reported 

frequency of 

attendance to GP’s 

offices. 

Frequent 

attendance was 

defined as 6 and 

more GP's 

consultations in 

the 

last three months. 

 
Frequent attendance was 

significantly positively 

associated with social 

isolation. Within the frequent 

attender group, 55.05% 

reported social isolation, while 

whithin que non-frequent 

attender only 44.47% reported 

social isolation. 

 

 

 
Cayenne 

et al.; 

2021 

Association 

Between Social 

Isolation and 

Outpatient 

Follow-Up 

in Older Adults 

Following 

Emergency 

Department 

Discharge 

 

 

 

 
USA 

 

 

 

 
Cohort 

 

 
Smple of adults 

after emergency 

department 

discharge, ≥60 

years 

 

 

 

 
n = 642 

 

 

 

Mean age 

71.75 

 

 

 

 
53.3% 

 
Social isolation 

as a predictor of 

outpatient 

follow-up after 

discharge from 

the emergency 

department. 

Social isolation, 

usig the Social 

Isolation (PSI) 

short form 

questionnaire 

from the Patient- 

Reported 

Outcomes 

Measurement 

Information 

Follow-up visits 

with outpatient 

clinicians within 7 

and 30 days of an 

emergency 

department visit 

were obteined 

from electronic 

health records. 

 
Socially-isolated older adults 

had significantly less in-person 

follow-up within the 7 days 

following ED discharge. Social 

isolation did not predict 

outpatient follow-up at 30 days 

post ED discharge. 
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         System 

(PROMIS). 

  

 

 

 

 
Cornwell 

and 

Waite; 

2012 

 

 

 

 
Social Network 

Resources and 

Management of 

Hypertension 

 

 

 

 

 

USA 

 

 

 

 

 

Cross-sectional 

 

 

 

 

Representative 

population-based of 

adults, ≥ 55 years 

 

 

 

 

 

n = 2269 

 

 

 

 

 
Mean age 

69.30 years 

 

 

 

 

 

51.6% 

 

 
 

The contribute 

of multiple 

social factors to 

hypertension 

diagnosis and 

control among 

older adults. 

Social isolation, 

via social support 

by asking 

participants for a 

list of people with 

whom 

they most often 

discussed things 

and asking about 

frequency and 

quality of the 

relation with 

those people. 

 

 
 

A combination of 

self-reported and 

biological 

measures to assess 

hypertension 

diagnosis and 

control. 

 

 

 

Regardless of network size, 

older adults who interact more 

frequently with their network 

members are less likely to have 

undiagnosed hypertension. 

 

 

 

 
Cruwys et 

al.; 2018 

 

 
 

Social Isolation 

Predicts 

Frequent 

Attendance in 

Primary Care 

 

 

 

 
United 

Kingdom 

 

 

 

 

Cross-sectional 

 

 

 

 
Community sample 

of adults 

 

 

 

 

n = 1752 

 

 

 

 
Mean age 

57.47 years 

 

 

 

 

57.3% 

 

 
 

Degree to 

which social 

isolation might 

affect frequent 

GP attendance. 

 
Social isolation, 

by self reported 

identification with 

the family, with 

the local 

community, and a 

third group of the 

participant’s 

choice. 

 

 

 
Frequency of 

primary care 

attendance via 

health records. 

A significant relationship 

between social 

group connectedness and 

reduced frequency of primary 

care attendance was found. 

It was established that lack of 

social group connectedness 

may need further investigation 

as it could be as a risk factor 

for more frequent attendance in 

primary care. 

 

 

 

 

 

 
Dahlberg 

et al; 2018 

Planned and 

Unplanned 

Hospital 

Admissions and 

Their 

Relationship 

with 

Social Factors: 

Findings from a 

National, 

Prospective 

Study of People 

Aged 

76 Years or 

Older 

 

 

 

 

 

 
Sweden 

 

 

 

 

 

 
Prospective 

Cohort 

 

 

 

 

 
Representative 

population-based 

sample of adults, ≥ 

76 years 

 

 

 

 

 

 
n = 931 

 

 

 

 

 

 
Mean age 

83.1 years 

 

 

 

 

 

 
61.6% 

 

 
 

The relation 

between 

planned and 

unplanned 

hospital 

admissions and 

social factors 

among older 

people. 

 
Loneliness, self- 

reported by 

answers to single 

questions devided 

in 4 categories. 

Social isolation, 

by self-reported 

social contacts 

and social activity 

(with 

questionnaire 

answers). 

 

 

 
If there were 

planned or 

unplanned hospital 

admissions 

between the date 

of the interview 

and the end of the 

year. 

 

 

 

 

An association between 

unplanned hospital admissions 

and lower levels of social 

contacts and social activity was 

found. 
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Gerst- 

Emerson 

and 

Jayaward 

hana; 

2015 

Loneliness as a 

Public Health 

Issue: The 

Impact of 

Loneliness on 

Health Care 

Utilization 

Among Older 

Adults 

 

 

 

 
USA 

 

 

 

 
Cross-sectional 

 

 
 

Representative 

population-based 

sample of adults, ≥ 

60 years 

 

 

 

 
n = 3530 

Mean age 

2008 Lonely 

group: 71.19 ; 

Not lonely 

group: 71.24 ; 

2012 Lonely 

group: 75.50 ; 

Not lonely 

group: 74.85 

2008 Lonely 

group: 

61.52% ; Not 

lonely group: 

56.60% ; 

2012 Lonely 

group: 

63.38% ; Not 

lonely group: 

53.75% 

 
Association 

between 

loneliness and 

higher health 

care utilization 

among older 

adults. 

 
Loneliness, 

measured with the 

3-item loneliness 

scale developed 

by 

Hughes et al. 

2004 

 
Frequency of 

health care use by 

self-reported 

number of 

hospitalizations 

and number of 

approaches to a 

medical doctor 

There was found an association 

betwen lonely respondantes 

and a greater frequency of 

doctors' and hospital visits; 

Lonely respondents had more 

depressive symptoms, were 

less likely to count their health 

as good, very good, or 

excellent, and reported slightly 

more chronic conditions; 

 

 

 

 

 

 
Hajek and 

König; 

2018 

 
Which factors 

lead to frequent 

attendance 

in the outpatient 

sector among 

individuals 

in the second 

half of life? 

Evidence from 

a 

population- 

based 

longitudinal 

study in 

Germany 

 

 

 

 

 

 

 
Germany 

 

 

 

 

 

 
 

Longitudinal 

observational 

 

 

 

 

 

 
Representative 

population-based 

sample of adults, ≥ 

40 years 

 

 

 

 

 

 

 
n = 1049 

Mean age GP 

visits non- 

frequent 

attenders: 

66.9 ; GP 

visits frequent 

attenders: 

66.3 ; 

Specialist 

visits non- 

frequent 

attenders: 

64.0 ; 

Specialist 

visits frequent 

attenders: 

64.0 

 

 

 

 

 

 

 
51.6% 

 

 

 

 

 
The factors 

leading to 

frequent 

attendance in 

the outpatient 

sector. 

 

 

 

 

 

 
Loneliness. 

Measure tool not 

specified. 

 

 

 
Fequency of GP or 

specialist visits in 

the previous12 

months, assessed 

by health records. 

Frequent 

atendance was 

considered as 

more than 6 visits 

within a year. 

 

 

 

 

 

 
"Neither cognitive function nor 

loneliness were associated with 

the outcome measures." 

 

 

 

 

Hajek and 

König; 

2022 

Frequency and 

Correlates of 

Online 

Consultations 

With Doctors 

or Therapists in 

Middle-Aged 

and Older 

Adults: 

Nationally 

Representative 

Cross-sectional 

Study 

 

 

 

 

 

Germany 

 

 

 

 

 

Cross-sectional 

 

 

 

 
Representative 

population-based 

sample of adults ≥ 

46 years 

 

 

 

 

 

n = 3067 

 

 

 

 

 
Mean age 

67.6 years 

 

 

 

 

 

49.31% 

 

 

 
Frequency and 

correlates of 

online 

consultations 

with doctors or 

therapists. 

 

 
 

Loneliness, 

measured via 

short version of 

the 11-item De 

Jong Gierveld 

Loneliness 

Scale 

 

 

 
Frequency of 

online 

consultations with 

doctors and 

therapists, self- 

reported. 

 

 

 

 
There was found an association 

between an increased 

loneliness and the likelihood of 

having online consultations. 
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Lambotte 

et al.; 

2018 

 

 

 
Frailty 

differences in 

older adults’ 

use of informal 

and formal care 

 

 

 

 

 
Belgium 

 

 

 

 

 
Cross-sectional 

 

 

 

Representative 

population-based 

sample of adults, ≥ 

60 years 

 

 

 

 

 
n = 12,481 

 

 

 
Age groups: 

60-69: 27.1% 
; 70-79: 

36,3% ; 80+: 

36,7% 

 

 

 

 

 
64.3% 

The association 

between 

different 

combinations of 

informal and 

formal care and 

the need for 

care and 

enabling factors 

for care use 

among older 

adults. 

 
Frailty 

Assessment 

Instrument 

(CFAI). Social 

domain for social 

isolation and 

psychological 

domain for 

loneliness. 

 
Respondents 

indicated the 

source of formal 

help they used, 

between general 

practitioner, 

home nursing and 

formal home 

assistance. 

 

 

 

Older adults in need of 

assistance were more 

psychologically and socially 

frail than expected. 

 

 

 

 

Mosen et 

al.; 2021 

 

 

 

Social Isolation 

Associated with 

Future Health 

Care Utilization 

 

 

 

 

 
USA 

 

 

 

 

Retrospective 

observational 

 

 

 

Representative 

sample of Medicare 

members, ≥ 65 

years 

 

 

 

 

 
n = 18,557 

 

 

 

 

Mean age 

73.4 years 

 

 

 

 

 
56.5% 

 

 
Associations 

between social 

isolation and 

hospital and 

emergency 

department 

utilization. 

Social isolation in 

response 

to the MTHA 

question, ‘‘How 

often do you feel 

lonely or 

isolated from 

those around 

you?’’ and 

transforming the 

answers into 3 

categories. 

 
Frequency of 

inpatient hospital 

admissions and 

emergency 

department's 

visits, by medical 

records, in the 12 

months following 

the 

index MTHA 

 

 
There was a significant 

association between social 

isolation and hospital 

admissions; the participants 

who reported higher social 

isolation had increased odds of 

having an hospital admission. 

 

 

 

 

 

Naito et 

al; 2021 

 
 

Impact of social 

isolation on 

mortality 

and morbidity 

in 20 high- 

income, 

middle-income 

and low-income 

countries in five 

continents 

 

 

 

 

 

Worldwid 

e 

 

 

 

 

 

Longitudinal 
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given a reference number and included in the reference list rather than within the text of the 

manuscript. They should be provided in full, including both the title of the site and the URL, as well 

as the date the site was accessed, in the following format: The Mouse Tumor Biology Database. 

http://tumor.informatics.jax.org/mtbwi/index.do. Accessed 20 May 2013. If an author or group of 

authors can clearly be associated with a web link, such as for weblogs, then they should be included 

in the reference. 

 
Example reference style: 

 
Article within a journal 

 
Smith JJ. The world of science. Am J Sci. 1999;36:234-5. 

 
Article within a journal (no page numbers) 

 
Rohrmann S, Overvad K, Bueno-de-Mesquita HB, Jakobsen MU, Egeberg R, Tjønneland A, et al. Meat 

consumption and mortality - results from the European Prospective Investigation into Cancer and 

Nutrition. BMC Medicine. 2013;11:63. 

 
Article within a journal by DOI 

 
Slifka MK, Whitton JL. Clinical implications of dysregulated cytokine production. Dig J Mol Med. 

2000; doi:10.1007/s801090000086. 

 
Article within a journal supplement 

https://www.biomedcentral.com/getpublished/editorial-policies#citations
http://tumor.informatics.jax.org/mtbwi/index.do
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Frumin AM, Nussbaum J, Esposito M. Functional asplenia: demonstration of splenic activity by bone 

marrow scan. Blood 1979;59 Suppl 1:26-32. 

 
Book chapter, or an article within a book 

 
Wyllie AH, Kerr JFR, Currie AR. Cell death: the significance of apoptosis. In: Bourne GH, Danielli JF, 

Jeon KW, editors. International review of cytology. London: Academic; 1980. p. 251-306. 

 
OnlineFirst chapter in a series (without a volume designation but with a DOI) 

 
Saito Y, Hyuga H. Rate equation approaches to amplification of enantiomeric excess and chiral 

symmetry breaking. Top Curr Chem. 2007. doi:10.1007/128_2006_108. 

 
Complete book, authored 

 
Blenkinsopp A, Paxton P. Symptoms in the pharmacy: a guide to the management of common 

illness. 3rd ed. Oxford: Blackwell Science; 1998. 

 
Online document 

 
Doe J. Title of subordinate document. In: The dictionary of substances and their effects. Royal 

Society of Chemistry. 1999. http://www.rsc.org/dose/title of subordinate document. Accessed 15 

Jan 1999. 

 
Online database 

 
Healthwise Knowledgebase. US Pharmacopeia, Rockville. 1998. http://www.healthwise.org. 

Accessed 21 Sept 1998. 

 
Supplementary material/private homepage 

 
Doe J. Title of supplementary material. 2000. http://www.privatehomepage.com. Accessed 22 Feb 

2000. 

 
University site 

 
Doe, J: Title of preprint. http://www.uni-heidelberg.de/mydata.html (1999). Accessed 25 Dec 1999. 

 
FTP site 

http://www.rsc.org/dose/title
http://www.healthwise.org/
http://www.privatehomepage.com/
http://www.uni-heidelberg.de/mydata.html
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Doe, J: Trivial HTTP, RFC2169. ftp://ftp.isi.edu/in-notes/rfc2169.txt (1999). Accessed 12 Nov 1999. 

 
Organization site 

 
ISSN International Centre: The ISSN register. http://www.issn.org (2006). Accessed 20 Feb 2007. 

 
Dataset with persistent identifier 

 
Zheng L-Y, Guo X-S, He B, Sun L-J, Peng Y, Dong S-S, et al. Genome data from sweet and grain 

sorghum (Sorghum bicolor). GigaScience Database. 2011. http://dx.doi.org/10.5524/100012. 

 
Figures, tables and additional files 

 
See General formatting guidelines for information on how to format figures, tables and additional 

files. 

Submit manuscript 

 

 
Preparing your manuscript 

 
This section provides general style and formatting information only. Formatting guidelines for 

specific article types can be found below. 

 
● Research article 

● Database article 

● Software article 

● Study protocol 

● Review 

● Research in practice 

 
General formatting guidelines 

 
● Preparing main manuscript text 

● Preparing illustrations and figures 

● Preparing tables 

● Preparing additional files 

 
Preparing figures 

 
When preparing figures, please follow the formatting instructions below. 

http://www.issn.org/
http://dx.doi.org/10.5524/100012
https://bmcpublichealth.biomedcentral.com/submission-guidelines/preparing-your-manuscript
https://author-welcome.nature.com/12889
https://bmcpublichealth.biomedcentral.com/submission-guidelines/preparing-your-manuscript/research-article
https://bmcpublichealth.biomedcentral.com/submission-guidelines/preparing-your-manuscript/database-article
https://bmcpublichealth.biomedcentral.com/submission-guidelines/preparing-your-manuscript/software-article
https://bmcpublichealth.biomedcentral.com/submission-guidelines/preparing-your-manuscript/study-protocol
https://bmcpublichealth.biomedcentral.com/submission-guidelines/preparing-your-manuscript/review
https://bmcpublichealth.biomedcentral.com/submission-guidelines/preparing-your-manuscript/research-in-practice
https://bmcpublichealth.biomedcentral.com/submission-guidelines/preparing-your-manuscript#preparing%2Bmain%2Bmanuscript%2Btext
https://bmcpublichealth.biomedcentral.com/submission-guidelines/preparing-your-manuscript#preparing%2Bfigures
https://bmcpublichealth.biomedcentral.com/submission-guidelines/preparing-your-manuscript#preparing%2Btables
https://bmcpublichealth.biomedcentral.com/submission-guidelines/preparing-your-manuscript#preparing%2Badditional%2Bfiles
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● Figures should be numbered in the order they are first mentioned in the text, and uploaded in 

this order. Multi-panel figures (those with parts a, b, c, d etc.) should be submitted as a single 

composite file that contains all parts of the figure. 

● Figures should be uploaded in the correct orientation. 

● Figure titles (max 15 words) and legends (max 300 words) should be provided in the main 

manuscript, not in the graphic file. 

● Figure keys should be incorporated into the graphic, not into the legend of the figure. 

● Each figure should be closely cropped to minimize the amount of white space surrounding 

the illustration. Cropping figures improves accuracy when placing the figure in combination 

with other elements when the accepted manuscript is prepared for publication on our site. 

For more information on individual figure file formats, see our detailed instructions. 

● Individual figure files should not exceed 10 MB. If a suitable format is chosen, this file size is 

adequate for extremely high quality figures. 

● Please note that it is the responsibility of the author(s) to obtain permission from the 

copyright holder to reproduce figures (or tables) that have previously been published 

elsewhere. In order for all figures to be open access, authors must have permission from the 

rights holder if they wish to include images that have been published elsewhere in non open 

access journals. Permission should be indicated in the figure legend, and the original source 

included in the reference list. 

 
Figure file types 

 
We accept the following file formats for figures: 

 
● EPS (suitable for diagrams and/or images) 

● PDF (suitable for diagrams and/or images) 

● Microsoft Word (suitable for diagrams and/or images, figures must be a single page) 

● PowerPoint (suitable for diagrams and/or images, figures must be a single page) 

● TIFF (suitable for images) 

● JPEG (suitable for photographic images, less suitable for graphical images) 

● PNG (suitable for images) 

● BMP (suitable for images) 

● CDX (ChemDraw - suitable for molecular structures) 

 
For information and suggestions of suitable file formats for specific figure types, please see our 

author academy. 

 
Figure size and resolution 

 
Figures are resized during publication of the final full text and PDF versions to conform to the 

BioMed Central standard dimensions, which are detailed below. 

https://www.biomedcentral.com/getpublished/writing-resources/data-presentation
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Figures on the web: 

 
● width of 600 pixels (standard), 1200 pixels (high resolution). 

 
Figures in the final PDF version: 

 
● width of 85 mm for half page width figure 

● width of 170 mm for full page width figure 

● maximum height of 225 mm for figure and legend 

● image resolution of approximately 300 dpi (dots per inch) at the final size 

 
Figures should be designed such that all information, including text, is legible at these dimensions. 

All lines should be wider than 0.25 pt when constrained to standard figure widths. All fonts must be 

embedded. 

 
Figure file compression 

 
● Vector figures should if possible be submitted as PDF files, which are usually more compact 

than EPS files. 

● TIFF files should be saved with LZW compression, which is lossless (decreases file size 

without decreasing quality) in order to minimize upload time. 

● JPEG files should be saved at maximum quality. 

● Conversion of images between file types (especially lossy formats such as JPEG) should be 

kept to a minimum to avoid degradation of quality. 

 
If you have any questions or are experiencing a problem with figures, please contact the customer 

service team at info@biomedcentral.com. 

 
Preparing main manuscript text 

 
Quick points: 

 
● Use double line spacing 

● Include line and page numbering 

● Use SI units: Please ensure that all special characters used are embedded in the text, 

otherwise they will be lost during conversion to PDF 

● Do not use page breaks in your manuscript 

 
File formats 

 
The following word processor file formats are acceptable for the main manuscript document: 

mailto:info@biomedcentral.com
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● Microsoft word (DOC, DOCX) 

● Rich text format (RTF) 

● TeX/LaTeX (use BioMed Central's TeX template) 

 
Please note: editable files are required for processing in production. If your manuscript contains any 

non-editable files (such as PDFs) you will be required to re-submit an editable file when you submit 

your revised manuscript, or after editorial acceptance in case no revision is necessary. 

 
Additional information for TeX/LaTeX users 

 
Please use BioMed Central's TeX template and BibTeX stylefile if you use TeX format. Submit your 

references using either a bib or bbl file. When submitting TeX submissions, please submit both your 

TeX file and your bib/bbl file as manuscript files. Please also convert your TeX file into a PDF (please 

do not use a DIV file) and submit this PDF as a supplementary file with the name 'Reference PDF'. 

This PDF will be used by our production team as a reference point to check the layout of the article 

as the author intended. 

 
The Editorial Manager system checks for any errors in the Tex files. If an error is present then the 

system PDF will display LaTex code and highlight and explain the error in a section beginning with 

an exclamation mark (!). 

 
All relevant editable source files must be uploaded during the submission process. Failing to submit 

these source files will cause unnecessary delays in the production process. 
 
 

 
TeX templates 

 
BioMedCentral_article (ZIP format) - preferred template 

 
article (part of the standard TeX distribution) 

 
amsart (part of the standard TeX distribution) 

 

Style and language 

https://resource-cms.springernature.com/springer-cms/rest/v1/content/18360804/data/v1
http://www.ctan.org/pkg/article
http://www.latex-project.org/ftp.html
http://www.ctan.org/pkg/amsart
http://www.latex-project.org/ftp.html
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For editors and reviewers to accurately assess the work presented in your manuscript you need to 

ensure the English language is of sufficient quality to be understood. If you need help with writing in 

English you should consider: 

 
● Getting a fast, free online grammar check. 

● Visiting the English language tutorial which covers the common mistakes when writing in 

English. 

● Asking a colleague who is proficient in English to review your manuscript for clarity. 

● Using a professional language editing service where editors will improve the English to 

ensure that your meaning is clear and identify problems that require your review. Two such 

services are provided by our affiliates Nature Research Editing Service and American Journal 

Experts. BMC authors are entitled to a 10% discount on their first submission to either of 

these services. To claim 10% off English editing from Nature Research Editing Service, click 

here. To claim 10% off American Journal Experts, click here. 

 
Please note that the use of a language editing service is not a requirement for publication in the 

journal and does not imply or guarantee that the article will be selected for peer review or accepted. 

 
 
 

为便于编辑和评审专家准确评估您稿件中陈述的研究工作，您需要确保文稿英语语言质量足以令人理

解。如果您需要英文写作方面的帮助，您可以考虑： 

 
● 获取快速、免费的在线语法检查。 

● 查看一些有关英语写作中常见语言错误的教程。 

● 请一位以英语为母语的同事审阅您的稿件是否表意清晰。 

● 使用专业语言编辑服务，编辑人员会对英语进行润色，以确保您的意思表达清晰，并提出需要您

复核的问题。例如我们的附属机构 Nature Research Editing Service 以及合作伙伴 American 

Journal Experts 都可以提供此类专业服务。BMC作者享受首次订单10%优惠，该优惠同时适用

于两家公司。您只需点击以下链接即可开始。使用 Nature Research Editing Service的编辑润色

10%的优惠服务，请点击这里。使用 American Journal Experts的10%优惠服务，请点击这里。 

 
请注意，使用语言编辑服务并非在期刊上发表文章的必要条件，这也并不意味或保证文章将被选中进行 

同行评议或被接受。 

 

 

 

 
 

エディターと査読者があなたの論文を正しく評価するには、使用されている英語の質が十分であることが必要

とされます。英語での論文執筆に際してサポートが必要な場合には、次のオプションがあります： 

https://www.aje.com/grammar-check/
http://www.springer.com/gp/authors-editors/authorandreviewertutorials/writinginenglish
http://authorservices.springernature.com/language-editing/
http://www.aje.com/
http://www.aje.com/
https://secure.authorservices.springernature.com/c/10BMC/
http://www.aje.com/go/bmc/
https://www.aje.cn/grammar-check/
https://www.springer.com/gb/authors-editors/authorandreviewertutorials/writinginenglish
http://www.natureasia.com/zh-cn/info/service/author
http://www.aje.cn/
http://www.aje.cn/
https://secure.authorservices.springernature.com/c/10BMC/
http://www.aje.com/go/bmc/
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● 高速なオンライン文法チェックを無料で受ける。 

● 英語で執筆する際のよくある間違いに関する英語のチュートリアルを参照する。 

● 英語を母国語とする同僚に、原稿内の英語が明確であるかをチェックしてもらう。 

● プロの英文校正サービスを利用する。校正者が原稿の意味を明確にしたり、問題点を指摘し、英語を

向上させます。Nature Research Editing Service とAmerican Journal Experts の2つは弊社と提携

しているサービスです。BMCのジャーナルの著者は、いずれかのサービスを初めて利用する際に、

10%の割引を受けることができます。Nature Research Editing Serviceの10%割引を受けるには、こち

らをクリックしてください。. American Journal Expertsの10%割引を受けるには、こちらをクリックしてく

ださい。 

 
英文校正サービスの利用は、このジャーナルに掲載されるための条件ではないこと、また論文審査や受理を

保証するものではないことに留意してください。 

 
영어 원고의 경우, 에디터 및 리뷰어들이 귀하의 원고에 실린 결과물을 정확하게 평가할 수 있도록, 

그들이 충분히 이해할 수 있을 만한 수준으로 작성되어야 합니다. 만약 영작문과 관련하여 도움을 

받기를 원하신다면 다음의 사항들을 고려하여 주십시오: 

 

● 영어 튜토리얼 페이지에 방문하여 영어로 글을 쓸 때 자주하는 실수들을 확인합니다. 

● 귀하의 원고의 표현을 명확히 해줄 영어 원어민 동료를 찾아서 리뷰를 의뢰합니다 

● 리뷰에 대비하여, 원고의 의미를 명확하게 해주고 리뷰에서 요구하는 문제점들을 식별해서 영문 

수준을 향상시켜주는 전문 영문 교정 서비스를 이용합니다. Nature Research Editing Service와 

American Journal Experts에서 저희와 협약을 통해 서비스를 제공하고 있습니다. BMC에서는 

위의 두 가지의 서비스를 첫 논문 투고를 위해 사용하시는 경우, 10%의 할인을 제공하고 

있습니다. Nature Research Editing Service이용시 10% 할인을 요청하기 위해서는 여기를 

클릭해 주시고, American Journal Experts 이용시 10% 할인을 요청하기 위해서는 여기를 클릭해 

주십시오. 

 
영문 교정 서비스는 게재를 위한 요구사항은 아니며, 해당 서비스의 이용이 피어 리뷰에 논문이 

선택되거나 게재가 수락되는 것을 의미하거나 보장하지 않습니다. 

 
Data and materials 

 
For all journals, BioMed Central strongly encourages all datasets on which the conclusions of the 

manuscript rely to be either deposited in publicly available repositories (where available and 

appropriate) or presented in the main paper or additional supporting files, in machine-readable 

format (such as spread sheets rather than PDFs) whenever possible. Please see the list of 

recommended repositories in our editorial policies. 

 
For some journals, deposition of the data on which the conclusions of the manuscript rely is an 

absolute requirement. Please check the Instructions for Authors for the relevant journal and article 

type for journal specific policies. 

https://www.aje.com/jp/grammar-check/
https://www.springer.com/gb/authors-editors/authorandreviewertutorials/writinginenglish
http://www.natureasia.com/ja-jp/nature-research-editing-service
https://www.aje.com/jp/
https://secure.authorservices.springernature.com/c/10BMC/
https://secure.authorservices.springernature.com/c/10BMC/
https://secure.authorservices.springernature.com/c/10BMC/
http://www.aje.com/go/bmc/
http://www.aje.com/go/bmc/
http://www.aje.com/go/bmc/
https://www.springer.com/gb/authors-editors/authorandreviewertutorials/writinginenglish
http://www.natureasia.com/ko-kr/nature-research-editing-service
https://www.aje.com/ko/
http://www.aje.com/go/bmc/
http://www.aje.com/go/bmc/
https://www.biomedcentral.com/getpublished/editorial-policies
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For all manuscripts, information about data availability should be detailed in an ‘Availability of data 

and materials’ section. For more information on the content of this section, please see the 

Declarations section of the relevant journal’s Instruction for Authors. For more information on 

BioMed Centrals policies on data availability, please see our [editorial policies]. 

 
Formatting the 'Availability of data and materials' section of your manuscript 

 
The following format for the 'Availability of data and materials section of your manuscript should be 

used: 

 
"The dataset(s) supporting the conclusions of this article is(are) available in the [repository name] 

repository, [unique persistent identifier and hyperlink to dataset(s) in http:// format]." 

 
The following format is required when data are included as additional files: 

 
"The dataset(s) supporting the conclusions of this article is(are) included within the article (and its 

additional file(s))." 

 
BioMed Central endorses the Force 11 Data Citation Principles and requires that all publicly 

available datasets be fully referenced in the reference list with an accession number or unique 

identifier such as a DOI. 

 
For databases, this section should state the web/ftp address at which the database is available and 

any restrictions to its use by non-academics. 

 
For software, this section should include: 

 
● Project name: e.g. My bioinformatics project 

● Project home page: e.g. http://sourceforge.net/projects/mged 

● Archived version: DOI or unique identifier of archived software or code in repository (e.g. 

enodo) 

● Operating system(s): e.g. Platform independent 

● Programming language: e.g. Java 

● Other requirements: e.g. Java 1.3.1 or higher, Tomcat 4.0 or higher 

● License: e.g. GNU GPL, FreeBSD etc. 

● Any restrictions to use by non-academics: e.g. licence needed 

 
Information on available repositories for other types of scientific data, including clinical data, can be 

found in our editorial policies. 

 
References 

http://sourceforge.net/projects/mged
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See our editorial policies for author guidance on good citation practice. 

 
Please check the submission guidelines for the relevant journal and article type. 

 
Citations (from editorial policies) 

Research articles and non-research articles (e.g. Opinion, Review, and Commentary articles) must 

cite appropriate and relevant literature in support of the claims made. Excessive self-citation, 

coordinated efforts among several authors to collectively self-cite, gratuitous and unnecessary 

citation of articles published in the journal to which the paper has been submitted, and any other 

form of citation manipulation are inappropriate. 

 
Citation manipulation will result in the article being rejected, and may be reported to authors’ 

institutions. Similarly, any attempts by peer-reviewers or editors to encourage such practices should be 

reported by authors to the publisher. 

 
● Authors should consider the following guidelines when preparing their manuscript: 

● Any statement in the manuscript that relies on external sources of information (i.e. not the 

authors' own new ideas or findings or general knowledge) should use a citation. 

● Authors should avoid citing derivations of original work. For example, they should cite the 

original work rather than a review article that cites an original work. 

● Authors should ensure that their citations are accurate (i.e. they should ensure the citation 

supports the statement made in their manuscript and should not misrepresent another work 

by citing it if it does not support the point the authors wish to make). 

● Authors should not cite sources that they have not read. 

● Authors should not preferentially cite their own or their friends’, peers’, or institution’s 

publications. 

● Authors should avoid citing work solely from one country. 

● Authors should not use an excessive number of citations to support one point. 

● Ideally, authors should cite sources that have undergone peer review where possible. 

● Authors should not cite advertisements or advertorial material. 

 
What should be cited? 

 
Only articles, clinical trial registration records and abstracts that have been published or are in press, 

or are available through public e-print/preprint servers, may be cited. 

 
Unpublished abstracts, unpublished data and personal communications should not be included in 

the reference list, but may be included in the text and referred to as "unpublished observations" or 

"personal communications" giving the names of the involved researchers. Obtaining permission to 

quote personal communications and unpublished data from the cited colleagues is the 

https://www.biomedcentral.com/getpublished/editorial-policies
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responsibility of the author. Only footnotes are permitted. Journal abbreviations follow Index 

Medicus/MEDLINE. 

 
Any in press articles cited within the references and necessary for the reviewers' assessment of the 

manuscript should be made available if requested by the editorial office. 

 
How to format your references 

 
Please check the Instructions for Authors for the relevant journal and article type for examples of 

the relevant reference style. 

 
Web links and URLs: All web links and URLs, including links to the authors' own websites, should be 

given a reference number and included in the reference list rather than within the text of the 

manuscript. They should be provided in full, including both the title of the site and the URL, as well 

as the date the site was accessed, in the following format: The Mouse Tumor Biology Database. 

http://tumor.informatics.jax.org/mtbwi/index.do. Accessed 20 May 2013. If an author or group of 

authors can clearly be associated with a web link, such as for weblogs, then they should be included 

in the reference. 

 
Authors may wish to make use of reference management software to ensure that reference lists are 

correctly formatted. 

 
Preparing tables 

 
When preparing tables, please follow the formatting instructions below. 

 
● Tables should be numbered and cited in the text in sequence using Arabic numerals (i.e. 

Table 1, Table 2 etc.). 

● Tables less than one A4 or Letter page in length can be placed in the appropriate location 

within the manuscript. 

● Tables larger than one A4 or Letter page in length can be placed at the end of the document 

text file. Please cite and indicate where the table should appear at the relevant location in the 

text file so that the table can be added in the correct place during production. 

● Larger datasets, or tables too wide for A4 or Letter landscape page can be uploaded as 

additional files. Please see [below] for more information. 

● Tabular data provided as additional files can be uploaded as an Excel spreadsheet (.xls ) or 

comma separated values (.csv). Please use the standard file extensions. 

● Table titles (max 15 words) should be included above the table, and legends (max 300 

words) should be included underneath the table. 

● Tables should not be embedded as figures or spreadsheet files, but should be formatted 

using ‘Table object’ function in your word processing program. 

http://tumor.informatics.jax.org/mtbwi/index.do
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● Color and shading may not be used. Parts of the table can be highlighted using superscript, 

numbering, lettering, symbols or bold text, the meaning of which should be explained in a 

table legend. 

● Commas should not be used to indicate numerical values. 

 
If you have any questions or are experiencing a problem with tables, please contact the customer 

service team at info@biomedcentral.com. 

 
Preparing additional files 

 
As the length and quantity of data is not restricted for many article types, authors can provide 

datasets, tables, movies, or other information as additional files. 

 
All Additional files will be published along with the accepted article. Do not include files such as 

patient consent forms, certificates of language editing, or revised versions of the main manuscript 

document with tracked changes. Such files, if requested, should be sent by email to the journal’s 

editorial email address, quoting the manuscript reference number. Please do not send completed 

patient consent forms unless requested. 

 
Results that would otherwise be indicated as "data not shown" should be included as additional files. 

Since many web links and URLs rapidly become broken, BioMed Central requires that supporting 

data are included as additional files, or deposited in a recognized repository. Please do not link to 
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